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F o re w o rd

I S O  ( t h e  I n t e rn a t i o n a l  O rg a n i z a t i o n  fo r S t a n d a rd i z a t i o n )  i s  a  w o rl d w i d e  fe d e ra t i o n  o f n a t i o n a l  s t a n d a rd s  b o d i e s  ( I S O  

m e m b e r b o d i e s ) .  T h e  w o rk  o f p re p a ri n g  I n t e rn a t i o n a l  S t a n d a rd s  i s  n o rm a l l y  c a rri e d  o u t  t h ro u g h  I S O  t e c h n i c a l  c o m m i t -

t e e s .  E a c h  m e m b e r b o d y  i n t e re s t e d  i n  a  s u b j e c t  fo r w h i c h  a  t e c h n i c a l  c o m m i t t e e  h a s  b e e n  e s t a b l i s h e d  h a s  t h e  ri g h t  

t o  b e  re p re s e n t e d  o n  t h a t  c o m m i t t e e .  I n t e rn a t i o n a l  o rg a n i z a t i o n s ,  g o v e rn m e n t a l  a n d  n o n - g o v e rn m e n t a l ,  i n  l i a i s o n  w i t h  

I S O ,  a l s o  t a k e  p a rt  i n  t h e  w o rk .  I S O  c o l l a b o ra t e s  c l o s e l y  w i t h  t h e  I n t e rn a t i o n a l  E l e c t ro t e c h n i c a l  C o m m i s s i o n  ( I E C )  o n  a l l  

m a t t e rs  o f e l e c t ro t e c h n i c a l  s t a n d a rd i z a t i o n .

T h e  p ro c e d u re s  u s e d  t o  d e v e l o p  t h i s  d o c u m e n t  a n d  t h o s e  i n t e n d e d  fo r i t s  fu rt h e r m a i n t e n a n c e  a re  d e s c ri b e d  i n  t h e  

I S O /I E C  D i re c t i v e s ,  P a rt  1 .  I n  p a rt i c u l a r,  t h e  d i ffe re n t  a p p ro v a l  c ri t e ri a  n e e d e d  fo r t h e  d i ffe re n t  t y p e s  o f I S O  d o c u m e n t s  

s h o u l d  b e  n o t e d .  T h i s  d o c u m e n t  w a s  d ra ft e d  i n  a c c o rd a n c e  w i t h  t h e  e d i t o ri a l  ru l e s  o f t h e  I S O /I E C  D i re c t i v e s ,  P a rt  2  

( s e e  w w w. i s o . o rg /d i re c t i v e s ) .

A t t e n t i o n  i s  d ra w n  t o  t h e  p o s s i b i l i t y  t h a t  s o m e  o f t h e  e l e m e n t s  o f t h i s  d o c u m e n t  m a y  b e  t h e  s u b j e c t  o f p a t e n t  ri g h t s .  I S O  

shall 	 not	 be	 held 	 responsible	 for	 identifying	 any	 or	 al l 	 such	 patent	 rights. 	 Detai ls	 of	 any	 patent	 rights	 identifed 	 during 	

t h e  d e v e l o p m e n t  o f t h e  d o c u m e n t  w i l l  b e  i n  t h e  I n t ro d u c t i o n  a n d /o r o n  t h e  I S O  l i s t  o f p a t e n t  d e c l a ra t i o n s  re c e i v e d  ( s e e  

w w w. i s o . o rg /p a t e n t s ) .

A n y  t ra d e  n a m e  u s e d  i n  t h i s  d o c u m e n t  i s  i n fo rm a t i o n  g i v e n  fo r t h e  c o n v e n i e n c e  o f u s e rs  a n d  d o e s  n o t  c o n s t i t u t e  a n  

e n d o rs e m e n t .

For	 an 	 explanation 	 of	 the	 voluntary	 nature	 of	 standards, 	 the	 meaning 	 of	 ISO	 specifc	 terms	 and 	 expressions	 related 	 to	

c o n fo rm i t y  a s s e s s m e n t ,  a s  w e l l  a s  i n fo rm a t i o n  a b o u t  I S O ’ s  a d h e re n c e  t o  t h e  Wo rl d  Tra d e  O rg a n i z a t i o n  ( W T O )  p ri n c i -

p l e s  i n  t h e  Te c h n i c a l  B a rri e rs  t o  Tra d e  ( T B T ) ,  s e e  w w w. i s o . o rg /i s o /fo re w o rd . h t m l .

T h i s  d o c u m e n t  w a s  p re p a re d  b y  Te c h n i c a l  C o m m i t t e e  I S O /T C  6 7 ,  Ma te ria ls,  e q uip m e n t a n d o ffsh o re  structure s fo r 

p e tro le um ,  p e tro ch e m ica l a n d n a tura l ga s in dustrie s,  i n  c o l l a b o ra t i o n  w i t h  t h e  E u ro p e a n  C o m m i t t e e  fo r S t a n d a rd i z a t i o n  

( C E N )  Te c h n i c a l  C o m m i t t e e  C E N /T C  1 2 ,  Ma te ria ls,  e q uip m e n t a n d o ffsh o re  structure s fo r p e tro le um ,  p e tro ch e m ica l 

a n d n a tura l ga s in dustrie s,  i n  a c c o rd a n c e  w i t h  t h e  Ag re e m e n t  o n  t e c h n i c a l  c o o p e ra t i o n  b e t w e e n  I S O  a n d  C E N  ( Vi e n n a  

A g re e m e n t ) .

T h i s  fo u rt h  e d i t i o n  c a n c e l s  a n d  re p l a c e s  t h e  t h i rd  e d i t i o n  ( AN S I /N AC E  M R 0 1 7 5 - 2 0 1 5 /I S O  1 5 1 5 6 - 1 : 2 0 1 5 ) ,  w h i c h  h a s  

b e e n  t e c h n i c a l l y  re v i s e d .  T h e  m a i n  c h a n g e s  c o m p a re d  t o  t h e  p re v i o u s  e d i t i o n  a re  a s  fo l l o w s :

—	 new	 defnition 	 on 	 “galvanical ly	 induced	 hydrogen	 stress	 cracking”	 (see	 3 . 1 4 ), 	 “chemical 	 activity”	 (see	 3 . 2 7 )  a n d  

“fugacity”	 (see	 3 . 2 8 ) ;

—	 inclusion 	 of	 an 	 expanded	 description 	 of	 factors	 affecting 	 the	 susceptibi l ity	 of	 materials	 to	 cracking	 caused	 by	 H
2

S .  

The	 expanded	 description 	 includes	 specifc	 guidance	 provided 	 in 	 ANSI/NACE	 MR01 75-2021 /ISO	 1 51 56-2:2020, 	

Annex	 C	 for	 gas	 phase	 containing 	 systems	 using 	 H
2
S	 fugacity	 (as	 an 	 alternative	 to	 H

2
S  p a rt i a l  p re s s u re )  a n d  a p p l i -

c a t i o n  o f n o n - i d e a l  t h e rm o d y n a m i c  ru l e s  fo r g a s - fre e  l i q u i d  s y s t e m s .

A N S I /N AC E  M R 0 1 7 5 - 2 0 2 1 /I S O  1 5 1 5 6 : 2 0 2 0  c o n s i s t s  o f t h e  fo l l o w i n g  p a rt s ,  u n d e r t h e  g e n e ra l  t i t l e  Pe tro le um  a n d n a t-

u ra l ga s in dustrie s — Ma te ria ls fo r use  in  H
2

S-co n ta in in g e n viro n m e n ts in  o il a n d ga s p ro ductio n :

— Pa rt 1 :  G e n e ra l p rin cip le s fo r se le ctio n  o f cra ckin g-re sista n t m a te ria ls

— Pa rt 2:  Cra ckin g re sista n t ca rb o n  a n d lo w-a llo y ste e ls,  a n d th e  use  o f ca st iro n s

— Pa rt 3:  Cra ckin g re sista n t CRA s (co rro sio n  re sista n t a llo ys)  a n d o th e r a llo ys
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I n t ro d u c t i o n

The	 consequences	 of	 sudden	 failures	 of	 metal l ic	 oi l 	 and 	 gas	 feld 	 components, 	 associated 	 with 	 their	 exposure	 to	

H
2
S-containing 	 production 	 fuids, 	 led 	 to	 the	 preparation 	 of	 the	 frst	 edition 	 of	 NACE  M R 0 1 7 5 ,  w h i c h  w a s  p u b l i s h e d  i n  

1 9 7 5  b y  t h e  N a t i o n a l  As s o c i a t i o n  o f C o rro s i o n  E n g i n e e rs ,  n o w  k n o w n  a s  t h e  As s o c i a t i o n  fo r M a t e ri a l s  P ro t e c t i o n  a n d  

P e rfo rm a n c e  ( AM P P ) .

T h e  o ri g i n a l  a n d  s u b s e q u e n t  e d i t i o n s  o f N AC E  MR01 75	 establ ished 	 l imits	 of	 H
2

S  p a rt i a l  p re s s u re  a b o v e  w h i c h  p re c a u -

tions	 against	 sulfde	 stress	 cracking	 (SSC)	 were	 always	 considered 	 necessary. 	 They	 also	 provided 	 guidance	 for	 the	

selection 	 and 	 specifcation 	 of	 SSC-resistant	 materials	 when	 the	 H
2
S	 thresholds	 were	 exceeded. 	 In 	 more	 recent	 editions, 	

N AC E  M R 0 1 7 5  h a s  a l s o  p ro v i d e d  a p p l i c a t i o n  l i m i t s  fo r s o m e  c o rro s i o n - re s i s t a n t  a l l o y s ,  i n  t e rm s  o f e n v i ro n m e n t a l  c o m -

position 	 and 	 pH, 	 temperature, 	 and 	 H
2

S  p a rt i a l  p re s s u re s .

I n  s e p a ra t e  d e v e l o p m e n t s ,  t h e  E u ro p e a n  F e d e ra t i o n  o f C o rro s i o n  i s s u e d  E F C  P u b l i c a t i o n  1 6  i n  1 9 9 5  a n d  E F C  P u b l i -

c a t i o n  1 7  i n  1 9 9 6 .  T h e s e  d o c u m e n t s  a re  g e n e ra l l y  c o m p l e m e n t a ry  t o  t h o s e  o f N AC E  t h o u g h  t h e y  d i ffe re d  i n  s c o p e  a n d  

d e t a i l .

I n  2 0 0 3 ,  t h e  p u b l i c a t i o n  o f t h e  I S O  1 5 1 5 6  s e ri e s  a n d  N AC E  MR01 75/ISO	 1 51 56-1 	 was	 completed 	 for	 the	 frst	 time. 	

T h e s e  t e c h n i c a l l y  i d e n t i c a l  d o c u m e n t s  u t i l i z e d  t h e  a b o v e  s o u rc e s  t o  p ro v i d e  re q u i re m e n t s  a n d  re c o m m e n d a t i o n s  fo r 

materials	 qual ifcation 	 and 	 selection 	 for	 application 	 in 	 environments	 containing 	 wet	 H
2

S  i n  o i l  a n d  g a s  p ro d u c t i o n  s y s -

t e m s .  T h e y  a re  c o m p l e m e n t e d  b y  N AC E  T M 0 1 7 7  a n d  N AC E  T M 0 2 8 4  t e s t  m e t h o d s .

T h e  re v i s i o n  o f t h i s  d o c u m e n t ,  i . e . ,  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 1 ,  i n v o l v e s  a  c o n s o l i d a t i o n  o f a l l  c h a n g e s  a g re e d  

a n d  p u b l i s h e d  i n  t h e  Te c h n i c a l  C i rc u l a r 1 ,  I S O  1 5 1 5 6 - 1 : 2 0 1 5 /C i r. 1 : 2 0 1 7 ,  p u b l i s h e d  b y  t h e  I S O  1 5 1 5 6  s e ri e s  M a i n t e -

n a n c e  Ag e n c y  s e c re t a ri a t  a t  D I N .

T h e  c h a n g e s  w e re  d e v e l o p e d  b y,  a n d  a p p ro v e d  b y  t h e  b a l l o t  o f,  re p re s e n t a t i v e  g ro u p s  fro m  w i t h i n  t h e  o i l  a n d  g a s  p ro -

d u c t i o n  i n d u s t ry.  T h e  g re a t  m a j o ri t y  o f t h e s e  c h a n g e s  s t e m  fro m  i s s u e s  ra i s e d  b y  d o c u m e n t  u s e rs .  A d e s c ri p t i o n  o f t h e  

p ro c e s s  b y  w h i c h  t h e s e  c h a n g e s  w e re  a p p ro v e d  c a n  b e  fo u n d  a t  t h e  I S O  1 5 1 5 6  s e ri e s  m a i n t e n a n c e  w e b s i t e :  w w w. i s o .

o rg /i s o 1 5 1 5 6 m a i n t e n a n c e .

When	 found 	 necessary	 by	 oi l 	 and 	 gas	 production 	 industry	 experts, 	 future	 interim	 changes	 to	 this	 document	 wil l 	 be	

p ro c e s s e d  i n  t h e  s a m e  w a y  a n d  w i l l  l e a d  t o  i n t e ri m  u p d a t e s  t o  t h i s  d o c u m e n t  i n  t h e  fo rm  o f Te c h n i c a l  C o rri g e n d a  o r 

Technical 	 Circulars. 	 Document	 users	 should 	 be	 aware	 that	 such	 documents	 can	 exist	 and 	 can	 impact	 the	 val idity	 of	 the	

d a t e d  re fe re n c e s  i n  t h i s  d o c u m e n t .

T h e  I S O  1 5 1 5 6  s e ri e s  M a i n t e n a n c e  Ag e n c y  a t  D I N  w a s  s e t  u p  a ft e r a p p ro v a l  b y  t h e  I S O  Te c h n i c a l  M a n a g e m e n t  B o a rd  

given	 in 	 document	 34/2007. 	 This	 document	 describes	 the	 makeup	 of	 the	 agency, 	 which 	 includes	 experts	 from	 AMPP, 	

E F C ,  a n d  I S O /T C  6 7 ,  a n d  t h e  p ro c e s s  fo r a p p ro v a l  o f a m e n d m e n t s .  I t  i s  a v a i l a b l e  fro m  t h e  I S O  1 5 1 5 6  s e ri e s  m a i n -

t e n a n c e  w e b s i t e  a n d  fro m  t h e  I S O /T C  6 7  S e c re t a ri a t .  T h e  w e b s i t e  a l s o  p ro v i d e s  a c c e s s  t o  re l a t e d  d o c u m e n t s  t h a t  

p ro v i d e  m o re  d e t a i l  o f t h e  I S O  1 5 1 5 6  s e ri e s  m a i n t e n a n c e  a c t i v i t i e s .
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P a rt  1 - 6

P e t ro l e u m  a n d  n a t u ra l  g a s  i n d u s t ri e s  — M a t e ri a l s  fo r u s e  i n  H
2

S - c o n t a i n i n g  

e n v i ro n m e n t s  i n  o i l  a n d  g a s  p ro d u c t i o n  — P a rt  1 :  G e n e ra l  p ri n c i p l e s  fo r s e l e c t i o n  

o f c ra c k i n g - re s i s t a n t  m a t e ri a l s

WARNING	 —	 Metal l ic	 materials	 selected 	 using 	 this	 document	 are	 resistant	 to	 cracking 	 in 	 defned 	 H
2

S - c o n t a i n i n g  

e n v i ro n m e n t s  i n  o i l  a n d  g a s  p ro d u c t i o n  b u t  n o t  n e c e s s a ri l y  i m m u n e  t o  c ra c k i n g  u n d e r a l l  s e rv i c e  c o n d i t i o n s .  I t  i s  

t h e  e q u i p m e n t  u s e r ’ s  re s p o n s i b i l i t y  t o  s e l e c t  m a t e ri a l s  s u i t a b l e  fo r t h e  i n t e n d e d  s e rv i c e .

1 :   S c o p e

T h i s  d o c u m e n t  d e s c ri b e s  g e n e ra l  p ri n c i p l e s  a n d  g i v e s  re q u i re m e n t s  a n d  re c o m m e n d a t i o n s  fo r t h e  s e l e c t i o n  a n d  q u a l -

ifcation 	 of	 metal l ic	 materials	 for	 service	 in 	 equipment	 used 	 in 	 oi l 	 and 	 gas	 production 	 and 	 in 	 natural-gas	 sweetening	

plants	 in 	 H
2

S - c o n t a i n i n g  e n v i ro n m e n t s ,  w h e re  t h e  fa i l u re  o f s u c h  e q u i p m e n t  c a n  p o s e  a  ri s k  t o  t h e  h e a l t h  a n d  s a fe t y  o f 

t h e  p u b l i c  a n d  p e rs o n n e l  o r t o  t h e  e n v i ro n m e n t .  I t  c a n  b e  a p p l i e d  t o  h e l p  t o  a v o i d  c o s t l y  c o rro s i o n  d a m a g e  t o  t h e  e q u i p -

m e n t  i t s e l f.  I t  s u p p l e m e n t s ,  b u t  d o e s  n o t  re p l a c e ,  t h e  m a t e ri a l s  re q u i re m e n t s  g i v e n  i n  t h e  a p p ro p ri a t e  d e s i g n  c o d e s ,  

s t a n d a rd s ,  o r re g u l a t i o n s .

This	 document	 addresses	 al l 	 mechanisms	 of	 cracking	 that	 can	 be	 caused	 by	 H
2
S, 	 including 	 sulfde	 stress	 cracking, 	

s t re s s  c o rro s i o n  c ra c k i n g ,  h y d ro g e n - i n d u c e d  c ra c k i n g  a n d  s t e p w i s e  c ra c k i n g ,  s t re s s - o ri e n t e d  h y d ro g e n - i n d u c e d  c ra c k -

i n g ,  s o ft  z o n e  c ra c k i n g ,  a n d  g a l v a n i c a l l y  i n d u c e d  h y d ro g e n  s t re s s  c ra c k i n g .

Table	 1 	 provides	 a	 non-exhaustive	 l ist	 of	 equipment	 to	 which 	 this	 document	 is	 appl icable, 	 including 	 exclusions.

This	 document	 appl ies	 to	 the	 qual ifcation 	 and 	 selection 	 of	 materials	 for	 equipment	 designed	 and 	 constructed 	 using 	

l o a d  c o n t ro l l e d  d e s i g n  m e t h o d s .  F o r d e s i g n  u t i l i z i n g  s t ra i n - b a s e d  d e s i g n  m e t h o d s ,  s e e  C l a u s e  5 .

This	 document	 is	 not	 necessari ly	 appl icable	 to	 equipment	 used 	 in 	 refning 	 or	 downstream	 processes	 and 	 equipment.

Ta b l e  1  — L i s t  o f e q u i p m e n t

T h i s  d o c u m e n t  i s  a p p l i c a b l e  t o  m a t e ri a l s  u s e d  fo r t h e  

fo l l o w i n g  e q u i p m e n t

E x c l u s i o n s

D ri l l i n g ,  w e l l  c o n s t ru c t i o n ,  a n d  w e l l - s e rv i c i n g  

e q u i p m e n t

Equipment	 exposed	 only	 to	 dri l l ing 	 fuids	 of	 control led 	

c o m p o s i t i o n a

D ri l l  b i t s

B l o w o u t  p re v e n t e r ( B O P )  s h e a r b l a d e s b

D ri l l i n g  ri s e r s y s t e m s

Wo rk  s t ri n g s

W i re l i n e  a n d  w i re l i n e  e q u i p m e n t c

S u rfa c e  a n d  i n t e rm e d i a t e  c a s i n g

We l l s ,  i n c l u d i n g  s u b s u rfa c e  e q u i p m e n t ,  g a s - l i ft  

e q u i p m e n t ,  w e l l h e a d s ,  a n d  c h ri s t m a s  t re e s

S u c k e r ro d  p u m p s  a n d  s u c k e r ro d s d

E l e c t ri c  s u b m e rs i b l e  p u m p s

Other	 artifcial 	 l ift	 equipment

S l i p s

Flowlines, 	 gathering 	 l ines, 	 feld 	 facil i ties, 	 and 	 feld 	 processing 	

p l a n t s

C ru d e - o i l  s t o ra g e  a n d  h a n d l i n g  fa c i l i t i e s  o p e ra t i n g  a t  a  t o t a l  

a b s o l u t e  p re s s u re  b e l o w  0 . 4 5  M P a  ( 6 5  p s i )

Wa t e r- h a n d l i n g  e q u i p m e n t Wa t e r- h a n d l i n g  fa c i l i t i e s  o p e ra t i n g  a t  a  t o t a l  a b s o l u t e  p re s s u re  

b e l o w  0 . 4 5  M P a  ( 6 5  p s i )

Wa t e r i n j e c t i o n  a n d  w a t e r d i s p o s a l  e q u i p m e n t

N a t u ra l - g a s  t re a t m e n t  p l a n t s —

Transportation	 pipelines	 for	 liquids, 	 gases, 	 and	 multiphase	 fuids L i n e s  h a n d l i n g  g a s  p re p a re d  fo r g e n e ra l  co m m e rci a l  a n d  d o m e s ti c u s e

F o r a l l  e q u i p m e n t  a b o v e C o m p o n e n t s  l o a d e d  o n l y  i n  c o m p re s s i o n

a  S e e  A N S I / N AC E  M R 0 1 7 5 / I S O   1 5 1 5 6 - 2 : 2 0 2 0 ,  A . 2 . 3 . 2 . 3  fo r  m o re  i n fo r m a t i o n .
b  S e e  A N S I / N AC E  M R 0 1 7 5 / I S O   1 5 1 5 6 - 2 : 2 0 2 0 ,  A . 2 . 3 . 2 . 1  fo r  m o re  i n fo r m a t i o n .

c  W i re l i n e  l u b r i c a to r s  a n d  l u b r i c a to r  c o n n e c t i n g  d e v i c e s  a re  n o t  e xc l u d e d .
d  F o r  s u c ke r  ro d  p u m p s  a n d  s u c ke r  ro d s ,  re fe re n c e  c a n  b e  m a d e  to  N AC E   M R 0 1 7 6 .
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P a rt  1 - 7

2 :   N o rm a t i v e  re fe re n c e s

The	 following	 documents	 are	 referred 	 to	 in 	 the	 text	 in 	 such	 a	 way	 that	 some	 or	 al l 	 of	 their	 content	 constitutes	 require -

m e n t s  o f t h i s  d o c u m e n t .  F o r d a t e d  re fe re n c e s ,  o n l y  t h e  e d i t i o n  c i t e d  a p p l i e s .  F o r u n d a t e d  re fe re n c e s ,  t h e  l a t e s t  e d i t i o n  

o f t h e  re fe re n c e d  d o c u m e n t  ( i n c l u d i n g  a n y  a m e n d m e n t s )  a p p l i e s .

AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 2 ,  Pe tro le um  a n d n a tura l ga s in dustrie s — Ma te ria ls fo r use  in  H
2

S-co n ta in in g e n vi-

ro n m e n ts in  o il a n d ga s p ro ductio n  — Pa rt 2:  Cra ckin g-re sista n t ca rb o n  a n d lo w a llo y ste e ls,  a n d th e  use  o f ca st iro n s

A N S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 3 ,  Pe tro le u m  a n d n a tura l ga s in dustrie s — Ma te ria ls fo r use  in  H
2

S-co n ta in in g e n -

viro n m e n ts in  o il a n d ga s p ro ductio n  — Pa rt 3:  Cra ckin g-re sista n t CRA s (co rro sio n -re sista n t a llo ys)  a n d o th e r a llo ys

3 :   Te rm s  a n d  d e f n i t i o n s

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

3 . 1  b l o w o u t  p re v e n t e r ( B O P )

 mechanical 	 device	 capable	 of	 containing 	 pressure, 	 used 	 for	 control 	 of	 wel l 	 fuids	 and 	 dri l l ing 	 fuids	 during 	 dri l l -

i n g  o p e ra t i o n s

3 . 2  b ra z i n g

 joining 	 metals	 by	 fowing	 a	 thin 	 layer	 (of	 capi l lary	 thickness)	 of	 a 	 lower-melting-point	 non-ferrous	 fl ler	 metal 	 in 	

t h e  s p a c e  b e t w e e n  t h e m

3 . 3  c a rb o n  s t e e l

 a l l o y  o f c a rb o n  a n d  i ro n  c o n t a i n i n g  u p  t o  2  %  m a s s  fra c t i o n  c a rb o n  a n d  u p  t o  1 . 6 5  %  m a s s  fra c t i o n  m a n g a n e s e  

and	 residual 	 quantities	 of	 other	 elements, 	 except	 those	 intentional ly	 added	 in 	 specifc	 quantities	 for	 deoxida -

t i o n  ( u s u a l l y  s i l i c o n  a n d /o r a l u m i n u m )

 N o te  1  to  e n try:  C a rb o n  s te e l s  u s e d  i n  th e  p e tro l e u m  i n d u s try u s u a l l y co n ta i n  l e s s  th a n  0 . 8  %  m a s s  fra cti o n  ca rb o n .

3 . 4  c h ri s t m a s  t re e

 equipment	 at	 a	 wel lhead 	 for	 the	 control 	 of	 fuid 	 production 	 or	 injection

3 . 5  c o l d  w o rk

 p l a s t i c  d e fo rm a t i o n  o f m e t a l  u n d e r c o n d i t i o n s  o f t e m p e ra t u re  a n d  s t ra i n  ra t e  t h a t  i n d u c e  s t ra i n  h a rd e n i n g ,  

u s u a l l y,  b u t  n o t  n e c e s s a ri l y,  c o n d u c t e d  a t  ro o m  t e m p e ra t u re

3 . 6  c o rro s i o n - re s i s t a n t  a l l o y  ( C R A )

 alloy	 intended	 to	 be	 resistant	 to	 general 	 and 	 local ized 	 corrosion 	 of	 oi lfeld 	 environments	 that	 are	 corrosive	 to	

ca rb o n  ste e ls  ( 3 . 3 )

3 . 7  fe rri t e

 b o d y - c e n t e re d  c u b i c  c ry s t a l l i n e  p h a s e  o f i ro n - b a s e d  a l l o y s

3 . 8  fe rri t i c  s t e e l

 s t e e l  w h o s e  m icro structure  ( 3 . 1 6 )  a t  ro o m  t e m p e ra t u re  c o n s i s t s  p re d o m i n a n t l y  o f fe rrite  ( 3 . 7 )

3 . 9  h a rd n e s s

 re s i s t a n c e  o f m e t a l  t o  p l a s t i c  d e fo rm a t i o n ,  u s u a l l y  m e a s u re d  b y  i n d e n t a t i o n

3 . 1 0  h e a t - a ffe c t e d  z o n e  ( H A Z )

 p o rt i o n  o f t h e  b a s e  m e t a l  t h a t  i s  n o t  m e l t e d  d u ri n g  b ra z i n g ,  c u t t i n g ,  o r w e l d i n g ,  b u t  w h o s e  m icro structure  ( 3 . 1 6 )  

a n d  p ro p e rt i e s  a re  a l t e re d  b y  t h e  h e a t  o f t h e s e  p ro c e s s e s
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3 . 1 1  h e a t  t re a t m e n t

 h e a t i n g  a n d  c o o l i n g  a  s o l i d  m e t a l  o r a l l o y  i n  s u c h  a  w a y  a s  t o  o b t a i n  d e s i re d  p ro p e rt i e s

 Note	 1 	 to	 entry: 	 Heating 	 for	 the	 sole	 purpose	 of	 hot	 working	 is	 not	 considered 	 heat	 treatment.

3 . 1 2  h y d ro g e n - i n d u c e d  c ra c k i n g  ( H I C )

 p l a n a r c ra c k i n g  t h a t  o c c u rs  i n  c a rb o n  a n d  l o w  a l l o y  s t e e l s  w h e n  a t o m i c  h y d ro g e n  d i ffu s e s  i n t o  t h e  s t e e l  a n d  

t h e n  c o m b i n e s  t o  fo rm  m o l e c u l a r h y d ro g e n  a t  t ra p  s i t e s

 Note	 1 	 to	 entry: 	 Cracking	 results	 from	 the	 pressurization 	 of	 trap	 sites	 by	 hydrogen. 	 No	 external ly	 appl ied 	 stress	

is	 required 	 for	 the	 formation 	 of	 hydrogen-induced	 cracks. 	 Trap	 sites	 capable	 of	 causing 	 HIC	 are	 commonly	

fo u n d  i n  s t e e l s  w i t h  h i g h  i m p u ri t y  l e v e l s  t h a t  h a v e  a  h i g h  d e n s i t y  o f p l a n a r i n c l u s i o n s  a n d / o r re g i o n s  o f a n o m -

a l o u s  m icro structure  ( 3 . 1 6 )  ( e . g . ,  b a n d i n g )  p ro d u c e d  b y  s e g re g a t i o n  o f i m p u ri t y  a n d  a l l o y i n g  e l e m e n t s  i n  t h e  

s t e e l .  T h i s  fo rm  o f h y d ro g e n - i n d u c e d  c ra c k i n g  i s  n o t  re l a t e d  t o  w e l d i n g .

3 . 1 3  h y d ro g e n  s t re s s  c ra c k i n g  ( H S C )

 c ra c k i n g  t h a t  re s u l t s  fro m  t h e  p re s e n c e  o f h y d ro g e n  i n  a  m e t a l  a n d  t e n s i l e  s t re s s  ( re s i d u a l  a n d /o r a p p l i e d )

 Note	 1 	 to	 entry: 	 SSC	 and 	 GHSC	 are	 forms	 of	 HSC.

3 . 1 4  g a l v a n i c a l l y  i n d u c e d  h y d ro g e n  s t re s s  c ra c k i n g  ( G H S C )

 c ra c k i n g  t h a t  re s u l t s  d u e  t o  t h e  p re s e n c e  o f h y d ro g e n  i n  a  m e t a l  i n d u c e d  i n  t h e  c a t h o d e  o f a  g a l v a n i c  c o u p l e  

a n d  t e n s i l e  s t re s s  ( re s i d u a l  a n d /o r a p p l i e d )

3 . 1 5  l o w - a l l o y  s t e e l

 steel 	 with 	 a	 total 	 al loying 	 element	 content	 of	 less	 than	 about	 5	 %	 mass	 fraction, 	 but	 more	 than	 specifed 	 for	

ca rb o n  ste e l ( 3 . 3 )

3 . 1 6  m i c ro s t ru c t u re

 structure	 of	 a 	 metal 	 as	 revealed 	 by	 microscopic	 examination 	 of	 a 	 suitably	 prepared 	 specimen

3 . 1 7  p a rt i a l  p re s s u re

 pressure	 that	 would 	 be	 exerted 	 by	 a	 single	 component	 of	 a 	 gas	 if	 present	 alone, 	 at	 the	 same	 temperature, 	 in 	

the	 total 	 volume	 occupied 	 by	 the	 mixture

 Note	 1 	 to	 entry: 	 For	 a	 mixture	 of	 ideal 	 gases, 	 the	 partial 	 pressure	 of	 each	 component	 is	 equal 	 to	 the	 total 	 pres-

sure	 multipl ied 	 by	 its	 mole	 fraction 	 in 	 the	 mixture, 	 where	 its	 mole	 fraction 	 is	 equal 	 to	 the	 volume	 fraction 	 of	 the	

c o m p o n e n t .

3 . 1 8  re s i d u a l  s t re s s

 stress	 present	 in 	 a	 component	 free	 of	 external 	 forces	 or	 thermal 	 gradients

3 . 1 9  s o ft - z o n e  c ra c k i n g  ( S Z C )

 form	 of	 SSC	 that	 can	 occur	 when	 a	 steel 	 contains	 a	 local 	 “soft	 zone”	 of	 low-yield-strength 	 material

 N o t e  1  t o  e n t ry :  U n d e r s e rv i c e  l o a d s ,  s o ft  z o n e s  c a n  y i e l d  a n d  a c c u m u l a t e  p l a s t i c  s t ra i n  l o c a l l y,  i n c re a s i n g  t h e  

S S C  s u s c e p t i b i l i t y  t o  c ra c k i n g  o f a n  o t h e rw i s e  S S C - re s i s t a n t  m a t e ri a l .  S u c h  s o ft  z o n e s  a re  t y p i c a l l y  a s s o c i a t e d  

w i t h  w e l d s  i n  ca rb o n  ste e ls  ( 3 . 3 ) .

3 . 2 0  s o u r s e rv i c e

 exposure	 to	 oi lfeld 	 environments	 that	 contain 	 suffcient	 H
2
S	 to	 cause	 cracking	 of	 materials	 by	 specifc	 mech -

a n i s m s  

 Note	 1 	 to	 entry: 	 These	 specifc	 mechanisms	 are	 addressed	 in 	 this	 document.

3 . 2 1  s t e p w i s e  c ra c k i n g  ( S W C )

 c ra c k i n g  t h a t  c o n n e c t s  h y d ro g e n - i n d u c e d  c ra c k s  o n  a d j a c e n t  p l a n e s  i n  a  s t e e l
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 N o t e  1  t o  e n t ry :  T h i s  t e rm  d e s c ri b e s  t h e  c ra c k  a p p e a ra n c e .  T h e  l i n k i n g  o f h y d ro g e n - i n d u c e d  c ra c k s  t o  p ro d u c e  

s t e p w i s e  c ra c k i n g  i s  d e p e n d e n t  o n  t h e  l o c a l  s t ra i n  b e t w e e n  t h e  c ra c k s  a n d  t h e  e m b ri t t l e m e n t  o f t h e  s u rro u n d -

ing 	 steel 	 by	 dissolved 	 hydrogen. 	 HIC/SWC	 is	 usual ly	 associated 	 with 	 low-strength 	 plate	 steels	 used 	 in 	 the	

p ro d u c t i o n  o f p i p e s  a n d  v e s s e l s .

3 . 2 2  s t re s s  c o rro s i o n  c ra c k i n g  ( S C C )

 c ra c k i n g  o f m e t a l  i n v o l v i n g  a n o d i c  p ro c e s s e s  o f l o c a l i z e d  c o rro s i o n  a n d  t e n s i l e  s t re s s  ( re s i d u a l  a n d /o r a p p l i e d )  

in 	 the	 presence	 of	 water	 and 	 H
2

S

 Note	 1 	 to	 entry: 	 Chlorides	 and/or	 oxidants	 and 	 elevated 	 temperature	 can	 increase	 the	 susceptibi l ity	 of	 metals	

t o  t h i s  m e c h a n i s m  o f a t t a c k .

3 . 2 3  s t re s s - o ri e n t e d  h y d ro g e n - i n d u c e d  c ra c k i n g  ( S O H I C )

 staggered 	 small 	 cracks	 formed	 approximately	 perpendicular	 to	 the	 principal 	 stress	 (residual 	 or	 appl ied)	 result-

ing 	 in 	 a	 “ladder-l ike”	 crack	 array	 l inking 	 (sometimes	 small)	 pre-existing 	 HIC	 cracks

 Note	 1 	 to	 entry: 	 The	 mode	 of	 cracking	 can	 be	 categorized 	 as	 SSC	 caused	 by	 a	 combination 	 of	 external 	 stress	

and 	 the	 local 	 strain 	 around	 hydrogen-induced	 cracks. 	 SOHIC	 is	 related 	 to	 SSC	 and 	 HIC/SWC. 	 I t	 has	 been	 ob-

s e rv e d  i n  p a re n t  m a t e ri a l  o f l o n g i t u d i n a l l y  w e l d e d  p i p e  a n d  i n  t h e  h e a t-a ffe cte d zo n e  (HA Z)  ( 3 . 1 0 )  o f w e l d s  i n  

pressure	 vessels. 	 SOHIC	 is	 a	 relatively	 uncommon	 phenomenon	 usual ly	 associated 	 with 	 low-strength 	 ferritic	

p i p e  a n d  p re s s u re  v e s s e l  s t e e l s .

3 . 2 4  s u l f d e  s t re s s  c ra c k i n g  ( S S C )

 c ra c k i n g  o f m e t a l  i n v o l v i n g  c o rro s i o n  a n d  t e n s i l e  s t re s s  ( re s i d u a l  a n d /o r a p p l i e d )  i n  t h e  p re s e n c e  o f w a t e r a n d  

H
2

S

 N o t e  1  t o  e n t ry :  S S C  i s  a  fo rm  o f h ydro ge n  stre ss cra ckin g (HSC)  ( 3 . 1 3 )  a n d  i n v o l v e s  t h e  e m b ri t t l e m e n t  o f 

the	 metal 	 by	 atomic	 hydrogen	 that	 is	 produced	 by	 acid 	 corrosion 	 on 	 the	 metal 	 surface. 	 Hydrogen	 uptake	 is	

promoted 	 in 	 the	 presence	 of	 sulfdes. 	 The	 atomic	 hydrogen	 can	 diffuse	 into	 the	 metal, 	 reduce	 ducti l i ty, 	 and 	

increase	 susceptibi l ity	 to	 cracking. 	 High-strength 	 metal l ic	 materials	 and 	 hard 	 weld 	 zones	 are	 prone	 to	 SSC.

3 . 2 5  w e l d

 joint	 between	 two	 or	 more	 pieces	 of	 metal 	 by	 applying 	 heat	 and/or	 pressure	 with 	 or	 without	 fl ler	 metal, 	 to	 pro-

duce	 a	 union 	 through	 local ized 	 fusion 	 of	 the	 substrates	 and 	 sol idifcation 	 across	 the	 interfaces

3 . 2 6  y i e l d  s t re n g t h

 stress	 at	 which 	 a	 material 	 exhibits	 a	 specifed 	 deviation 	 from	 the	 proportional ity	 of	 stress	 to	 strain

 Note	 1 	 to	 entry: 	 The	 deviation 	 is	 expressed	 in 	 terms	 of	 strain 	 by	 either	 the	 offset	 method	 (usual ly	 at	 a	 strain 	 of	

0.2	 %)	 or	 the	 total-extension-under-load 	 method	 (usual ly	 at	 a	 strain 	 of	 0.5	 %).

3 . 2 7  c h e m i c a l  a c t i v i t y

 unit-less	 ratio	 of	 actual 	 fugacity	 (of	 a 	 gas	 species)	 divided 	 by	 its	 fugacity	 at	 a	 conveniently	 defned	 reference	

s t a t e

 N o t e  1  t o  e n t ry :  I n  t h i s  d o c u m e n t ,  t h e  t e rm  c h e m i c a l  a c t i v i t y  i s  p ri m a ri l y  u s e d  a s  a  p ro p e rt y  o f s p e c i e s  i n  t h e  

l iquid 	 or	 aqueous	 phase, 	 a	 “pseudo	 mole	 fraction”, 	 see	 also	 Notes	 in 	 ANSI/NACE	 MR01 75/ISO	 1 51 56-2:2020, 	

C . 1 . 3 .

3 . 2 8  fu g a c i t y

 e ffe c t i v e  p re s s u re  o f a n  i d e a l  g a s  s p e c i e s ,  w h i c h  h a s  t h e  s a m e  c h e m i c a l  p o t e n t i a l  ( p a rt i a l  G i b b s  fre e  e n e rg y )  

a s  t h e  re a l  g a s  s p e c i e s

 N o t e  1  t o  e n t ry :  I n  t h i s  d o c u m e n t ,  t h e  t e rm  fu g a c i t y  i s  p ri m a ri l y  u s e d  a s  a  p ro p e rt y  o f s p e c i e s  i n  t h e  g a s  p h a s e ,  

an	 “effective	 partial 	 pressure”, 	 see	 also	 Notes	 in 	 ANSI/NACE	 MR01 75/ISO	 1 51 56-2:2020, 	 C.1 .2.



A N S I / N A C E  M R 0 1 7 5 - 2 0 2 1 / I S O  1 5 1 5 6 - 1 : 2 0 2 0
©2 0 2 2  As s o c i a t i o n  fo r M a t e ri a l s  P ro t e c t i o n  a n d  P e rfo rm a n c e  ( A M P P )  a n d  I n t e rn a t i o n a l  O rg a n i z a t i o n  fo r S t a n d a rd i z a t i o n  ( I S O ) .  Al l  ri g h t s  re s e rv e d .  

P a rt  1 - 1 0

4 :   A b b re v i a t e d  t e rm s

B O P  b l o w o u t  p re v e n t e r

C R A c o rro s i o n - re s i s t a n t  a l l o y

H A Z  h e a t - a ffe c t e d  z o n e

H I C  h y d ro g e n - i n d u c e d  c ra c k i n g

H S C  h y d ro g e n  s t re s s  c ra c k i n g

S C C  s t re s s  c o rro s i o n  c ra c k i n g

S O H I C  s t re s s - o ri e n t e d  h y d ro g e n - i n d u c e d  c ra c k i n g

S WC  s t e p - w i s e  c ra c k i n g

S S C  sulfde	 stress	 cracking	

S Z C  s o ft - z o n e  c ra c k i n g

5 :   G e n e ra l  p ri n c i p l e s

Users	 of	 the	 ANSI/NACE	 MR01 75/ISO	 1 51 56	 series	 shall 	 frst	 assess	 the	 conditions	 to	 which	 the	 materials	 they	 wish	 to	

select	 can	 be	 exposed. 	 These	 conditions	 shall 	 be	 evaluated, 	 defned, 	 and	 documented	 in 	 accordance	 with	 this	 document.

T h e  e q u i p m e n t  u s e r s h a l l  d e t e rm i n e  w h e t h e r o r n o t  t h e  s e rv i c e  c o n d i t i o n s  a re  s u c h  t h a t  t h e  A N S I /N AC E  M R 0 1 7 5 /

I S O  1 5 1 5 6  s e ri e s  a p p l i e s .

M a t e ri a l s  s e l e c t i o n  s h a l l  b e  m a d e  fo l l o w i n g  t h e  re q u i re m e n t s  a n d  re c o m m e n d a t i o n s  o f AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 -

2  o r AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 3 ,  a s  a p p ro p ri a t e .

The	 use	 of	 ANSI/NACE	 MR01 75/ISO	 1 51 56-2	 or	 ANSI/NACE	 MR01 75/ISO	 1 51 56-3	 can	 require	 an 	 exchange	 of	 infor-

mation 	 (for	 example, 	 concerning	 required 	 or	 suitable	 service	 conditions)	 between	 the	 equipment	 user	 and 	 the	 equip-

m e n t  o r m a t e ri a l s  s u p p l i e r.  I f n e c e s s a ry,  t h e  e q u i p m e n t  u s e r s h o u l d  a d v i s e  o t h e r p a rt i e s  o f t h e  s e rv i c e  c o n d i t i o n s .

N O T E  I t	 can 	 be	 necessary	 for	 the	 equipment	 supplier	 to	 exchange	 information 	 with 	 the	 equipment	 manufacturer, 	 the	

m a t e ri a l s  s u p p l i e r,  a n d /o r t h e  m a t e ri a l s  m a n u fa c t u re r.

Qualifcation, 	 with 	 respect	 to	 a	 particular	 mode	 of	 failure, 	 for	 use	 in 	 defned	 service	 conditions	 also	 qual ifes	 a	 material 	

fo r u s e  u n d e r o t h e r s e rv i c e  c o n d i t i o n s  t h a t  a re  e q u a l  t o  o r l e s s  s e v e re  i n  a l l  re s p e c t s  t h a n  t h e  c o n d i t i o n s  fo r w h i c h  

qualifcation 	 was	 carried 	 out.

I t	 is	 the	 equipment	 user’s	 responsibi l ity	 to	 ensure	 that	 any	 material 	 specifed 	 for	 use	 in 	 their	 equipment	 is	 satisfactory	

i n  t h e  s e rv i c e  e n v i ro n m e n t .

I t  i s  t h e  e q u i p m e n t  o r m a t e ri a l s  s u p p l i e r ’ s  re s p o n s i b i l i t y  t o  m e e t  t h e  m e t a l l u rg i c a l  a n d  m a n u fa c t u ri n g  re q u i re m e n t s  a n d ,  

w h e n  n e c e s s a ry,  a n y  a d d i t i o n a l  t e s t i n g  re q u i re m e n t s  o f t h e  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6  s e ri e s  fo r t h e  m a t e ri a l  

s e l e c t e d  i n  t h e  c o n d i t i o n  i n  w h i c h  i t  e n t e rs  i n t o  s e rv i c e .

I t  i s  t h e  e q u i p m e n t  o r m a t e ri a l s  s u p p l i e r ’ s  re s p o n s i b i l i t y  t o  c o n fo rm  w i t h  t h e  re q u i re m e n t s  fo r t h e  m a rk i n g /d o c u m e n -

t a t i o n  o f m a t e ri a l s  i n  a c c o rd a n c e  w i t h  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 2 : 2 0 2 0 ,  C l a u s e  9  o r AN S I /N AC E  M R 0 1 7 5 /

I S O  1 5 1 5 6 - 3 : 2 0 2 0 ,  7 . 2 ,  a s  a p p ro p ri a t e .

This	 document	 appl ies	 to	 the	 qual ifcation 	 and 	 selection 	 of	 materials	 for	 equipment	 designed	 and 	 constructed 	 using 	

l o a d  c o n t ro l l e d  d e s i g n  m e t h o d s .  F o r d e s i g n s  u t i l i z i n g  s t ra i n - b a s e d  d e s i g n  m e t h o d s ,  u s e  o f t h i s  d o c u m e n t  m i g h t  n o t  b e  

a p p ro p ri a t e  a n d  o t h e r t e s t  m e t h o d s ,  n o t  a d d re s s e d  i n  t h e  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6  s e ri e s ,  m i g h t  b e  re q u i re d .  

The	 equipment/material 	 supplier, 	 in 	 conjunction 	 with 	 the	 equipment	 user, 	 shall 	 defne	 and 	 agree	 on 	 other	 testing 	 re-

q u i re m e n t s  a n d  a c c e p t a n c e  c ri t e ri a .
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6 :   E v a l u a t i o n  a n d  d e f n i t i o n  of s e rv i c e  c o n d i t i o n s  t o  e n a b l e  m a t e ri a l  s e l e c t i o n

6 . 1  B e fo re  s e l e c t i n g  o r q u a l i fy i n g  m a t e ri a l s  u s i n g  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 2  o r AN S I / N A C E  M R 0 1 7 5 /

ISO	 1 51 56-3, 	 the	 user	 of	 the	 equipment	 shal l 	 defne, 	 evaluate, 	 and 	 document	 the	 service	 conditions	 to	 which 	

materials	 can	 be	 exposed	 for	 each	 application. 	 The	 defned 	 conditions	 shal l 	 include	 both 	 intended 	 exposures	

and 	 unintended	 exposures	 that	 can	 result	 from	 the	 failure	 of	 primary	 containment	 or	 protection 	 methods. 	 Par-

ticular	 attention 	 shal l 	 be	 paid 	 to	 the	 quantifcation 	 of	 those	 factors	 known	 to	 affect	 the	 susceptibi l ity	 of	 materials	

to	 cracking	 caused	 by	 H
2

S .

 F a c t o rs ,  o t h e r t h a n  m a t e ri a l  p ro p e rt i e s ,  k n o w n  t o  a ffe c t  t h e  s u s c e p t i b i l i t y  o f m e t a l l i c  m a t e ri a l s  t o  c ra c k i n g  i n  

H
2
S	 service	 include	 H

2
S	 partial 	 pressure	 (or	 H

2
S  c o n c e n t ra t i o n  o r c h e m i c a l  a c t i v i t y  i n  t h e  w a t e r p h a s e ) ,  i n  s i t u  

pH, 	 the	 concentration 	 of	 d issolved 	 chloride	 or	 other	 hal ide, 	 the	 presence	 of	 elemental 	 sulfur	 or	 other	 oxidant, 	

temperature, 	 galvanic	 effects, 	 mechanical 	 stress, 	 and 	 time	 of	 exposure	 to	 contact	 with 	 a	 l iquid 	 water	 phase.

 For	 systems	 with 	 a	 gas	 phase, 	 evaluations	 based	 on 	 H
2

S  p a rt i a l  p re s s u re  i m p l y  a n  e n v i ro n m e n t a l  s e v e ri t y  

that	 equals	 or	 exceeds	 that	 of	 the	 feld 	 service	 considered 	 and 	 are	 therefore	 acceptable. 	 For	 gas-free	 l iquid 	

s y s t e m s ,  a n  a l t e rn a t i v e  a p p ro a c h  t o  p a rt i a l  p re s s u re  i s  n e e d e d .  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 2 : 2 0 2 0 ,  An -

nex	 C, 	 provides	 guidance	 in 	 C.1 	 for	 systems	 with 	 a	 gas	 phase	 to	 assess	 H
2

S  p a rt i a l  p re s s u re  a n d  t o  re d u c e  

excess	 environmental 	 severity	 by	 using 	 H
2

S  fu g a c i t y,  a n d  i n  C . 2  fo r e v a l u a t i n g  g a s - fre e  l i q u i d  s y s t e m s .  T h i s  

i n c l u d e s  a  re c o m m e n d a t i o n  t o  a p p l y  n o n - i d e a l  t h e rm o d y n a m i c  ru l e s  fo r h i g h  p re s s u re  o i l  w e l l s .

N O T E  1  The	 degree	 to	 which 	 environmental 	 severity, 	 as	 characterized 	 by	 H
2
S	 partial 	 pressure, 	 exceeds	

t h a t  o f t h e  s e rv i c e  e n v i ro n m e n t  c o n s i d e re d ,  i s  d e t e rm i n e d  b y  n o n - i d e a l  t h e rm o d y n a m i c  e ffe c t s .  

G e n e ra l l y,  t h i s  d e g re e  i n c re a s e s  w i t h  i n c re a s i n g  p re s s u re  a n d  d e c re a s e s  w i t h  i n c re a s i n g  t e m p e ra -

t u re .

N O T E  2  The	 environmental 	 severity	 regions	 in 	 ANSI/NACE	 MR01 75/ISO	 1 51 56-2, 	 and 	 the	 prequalifed 	

H
2
S	 exposure	 l imits	 in 	 ANSI/NACE	 MR01 75/ISO	 1 51 56-3, 	 are	 stated 	 in 	 terms	 of	 H

2
S  p a rt i a l  p re s -

sure. 	 No	 guidance	 is	 given	 on 	 equivalent	 regions	 or	 l imits	 in 	 terms	 of	 H
2

S  fu g a c i t y  i n  t h e  g a s  p h a s e  

or	 H
2

S  c h e m i c a l  a c t i v i t y  i n  t h e  w a t e r p h a s e .

6 . 2  T h e  d o c u m e n t e d  s e rv i c e  c o n d i t i o n s  s h a l l  b e  u s e d  fo r o n e  o r m o re  o f t h e  fo l l o w i n g  p u rp o s e s :

a)	 to	 provide	 the	 basis	 for	 selection 	 of	 SSC/SCC-resistant	 materials	 from	 existing 	 l ists	 and 	 tables	 (see	

C l a u s e  7 ) ;

b)	 to	 provide	 the	 basis	 for	 qual ifcation 	 and 	 selection 	 based	 upon	 documented 	 feld 	 experience	 (see	 8 . 2 ) ;

c)	 to	 defne	 the	 laboratory	 test	 requirements	 to	 qualify	 a	 material 	 for	 H
2

S  s e rv i c e  w i t h  re s p e c t  t o  o n e  o r 

more	 of	 SSC, 	 SCC, 	 HIC, 	 SOHIC, 	 SZC, 	 and/or	 galvanical ly	 induced	 HSC	 (see	 8 . 3 ) ;

d)	 to	 provide	 the	 basis	 for	 the	 reassessment	 of	 the	 suitabil ity	 of	 existing	 al loys	 of	 construction, 	 using 	

C l a u s e  7 ,  8 . 2 ,  a n d / o r 8 . 3 ,  i n  t h e  e v e n t  o f c h a n g e s  t o  t h e  a c t u a l  o r i n t e n d e d  s e rv i c e  c o n d i t i o n s .
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7 :   S e l e c t i o n  o f m a t e ri a l s  re s i s t a n t  t o  S S C / S C C  i n  t h e  p re s e n c e   

of s u l f d e s  fro m  e x i s t i n g  l i s t s  a n d  t a b l e s

SSC-resistant	 carbon	 and 	 low-al loy	 steels	 may	 be	 selected 	 from	 the	 materials	 identifed 	 in 	 ANSI/NACE	 MR01 75/

ISO	 1 51 56-2:2020, 	 Annex	 A.

SSC, 	 SCC-resistant	 CRAs	 and 	 other	 al loys	 may	 be	 selected 	 from	 the	 materials	 identifed 	 in 	 ANSI/NACE	 MR01 75/

ISO	 1 51 56-3:2020, 	 Annex	 A.

G e n e ra l l y,  n o  a d d i t i o n a l  l a b o ra t o ry  t e s t i n g  o f m a t e ri a l s  s e l e c t e d  i n  t h e s e  w a y s  i s  re q u i re d .  T h e  m a t e ri a l s  l i s t e d  h a v e  g i v e n  

acceptable	 performance	 under	 the	 stated	 metallurgical, 	 environmental, 	 and 	 mechanical 	 conditions	 based	 on	 feld 	 expe-

rience	 and/or	 laboratory	 testing. 	 The	 equipment	 user	 should, 	 nevertheless, 	 give	 consideration	 to	 specifc	 testing	 of	 ma-

terials	 for	 applications	 where	 they	 consider	 the	 potential 	 consequences	 of	 failure	 make	 this	 justifable	 (see	 WARN I N G ) .

8 :   Q u a l i f c a t i o n  of m a t e ri a l s  fo r H
2

S  s e rv i c e

8 . 1  M a t e ri a l  d e s c ri p t i o n  a n d  d o c u m e n t a t i o n

 The	 material 	 being 	 qual ifed 	 shal l 	 be	 described 	 and 	 documented, 	 such	 that	 those	 of	 i ts	 properties	 l ikely	 to	

affect	 performance	 in 	 H
2
S-containing 	 media	 are	 defned. 	 The	 tolerances	 or	 ranges	 of	 properties	 that	 can	 occur	

w i t h i n  t h e  m a t e ri a l  s h a l l  b e  d e s c ri b e d  a n d  d o c u m e n t e d .

 Metallurgical 	 properties	 known	 to	 affect	 performance	 in 	 H
2

S - c o n t a i n i n g  e n v i ro n m e n t s  i n c l u d e  c h e m i c a l  c o m -

p o s i t i o n ,  m e t h o d  o f m a n u fa c t u re ,  p ro d u c t  fo rm ,  s t re n g t h ,  h a rd n e s s ,  a m o u n t  o f c o l d  w o rk ,  h e a t - t re a t m e n t  c o n -

d i t i o n ,  a n d  m i c ro s t ru c t u re .

8 . 2  Qualifcation 	 based	 upon 	 feld 	 experience

 A	 material 	 may	 be	 qual ifed 	 by	 documented 	 feld 	 experience. 	 The	 material 	 description 	 shal l 	 meet	 the	 require -

ments	 of	 8.1 . 	 The	 description 	 of	 the	 service	 conditions	 in 	 which 	 the	 experience	 has	 been	 gained 	 shal l 	 meet	

t h e  re l e v a n t  re q u i re m e n t s  o f 6 . 1 . 	 The	 duration 	 of	 the	 documented 	 feld 	 experience	 shall 	 be	 at	 least	 two	 years	

and 	 should 	 preferably	 involve	 a	 full 	 examination 	 of	 the	 equipment	 following	 feld 	 use. 	 The	 severity	 of	 intended 	

service	 conditions	 shal l 	 not	 exceed	 that	 of	 the	 feld 	 experience	 for	 which 	 documented 	 records	 are	 available.

8 . 3  Qualifcation 	 based	 upon 	 laboratory	 testing

8 . 3 . 1  G e n e ra l

 Laboratory	 testing 	 can	 only	 approximate	 feld 	 service.

 L a b o ra t o ry  t e s t i n g  i n  a c c o rd a n c e  w i t h  t h e  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6  s e ri e s  m a y  b e  u s e d  fo r 

t h e  fo l l o w i n g :

— t o  q u a l i fy  m e t a l l i c  m a t e ri a l s  fo r t h e i r re s i s t a n c e  t o  S S C  a n d /o r S C C  u n d e r s e rv i c e  c o n d i -

t i o n s  u p  t o  t h e  l i m i t s  t h a t  a p p l y  t o  m a t e ri a l s  o f s i m i l a r t y p e s  l i s t e d  i n  AN S I /N AC E  M R 0 1 7 5 /

I S O  1 5 1 5 6 - 2  a n d  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 3 ;

— t o  q u a l i fy  m e t a l l i c  m a t e ri a l s  fo r t h e i r re s i s t a n c e  t o  S S C  a n d /o r S C C  u n d e r s e rv i c e  c o n d i t i o n s  

w i t h  o t h e r l i m i t s ;

	 EXAMPLE: 	 Qualifcation 	 up	 to	 a	 higher-than-normally-acceptable	 level 	 of	 H
2

S ,  t o  a  l o w -

er-than-normally-required 	 test	 stress	 or	 to	 revised 	 temperature	 l imit(s)	 or	 to	 a	 lower	 pH.

—	 to	 qual ify	 carbon	 and 	 low-alloy	 steels	 with 	 respect	 to	 their	 resistance	 to	 HIC, 	 SOHIC, 	 or	 SZC;
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— t o  q u a l i fy  c o rro s i o n - re s i s t a n t  o r o t h e r a l l o y s  w i t h  re s p e c t  t o  t h e i r re s i s t a n c e  t o  g a l v a n i c a l l y  

induced	 HSC;

—	 to	 provide	 qual ifcation 	 data	 for	 a	 material 	 not	 currently	 l isted 	 in 	 ANSI/NACE	 MR01 75/

ISO	 1 51 56-2:2020, 	 Annex	 A	 and 	 ANSI/NACE	 MR01 75/ISO	 1 51 56-3:2020, 	 Annex	 A	 in 	 such	

a  fo rm  t h a t  i t  m a y  b e  c o n s i d e re d  fo r i n c l u s i o n  a t  a  l a t e r d a t e .

8 . 3 . 2  S a m p l i n g  o f m a t e ri a l s  fo r l a b o ra t o ry  t e s t i n g

 T h e  m e th o d  o f s a m p l i n g  th e  m a te ri a l  fo r l a b o ra to ry te s ti n g  s h a l l  b e  re vi e we d  a n d  a cce p te d  b y th e  

e q u i p m e n t u s e r.

 T h e  t e s t  s a m p l e s  s h a l l  b e  re p re s e n t a t i v e  o f t h e  c o m m e rc i a l  p ro d u c t .

 For	 multiple	 batches	 of	 a 	 material 	 produced	 to	 a	 single	 specifcation, 	 an 	 assessment	 shal l 	 be	 made	

of	 the	 properties	 that	 infuence	 cracking	 behavior	 in 	 H
2

S - c o n t a i n i n g  e n v i ro n m e n t s  ( s e e  8 . 1 ) .  T h e  

d i s t ri b u t i o n s  o f t h e s e  p ro p e rt i e s  s h a l l  b e  c o n s i d e re d  w h e n  s e l e c t i n g  s a m p l e s  fo r t e s t i n g  a c c o rd i n g  

t o  t h e  re q u i re m e n t s  o f AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 2  a n d  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 3 .  

The	 materials	 in 	 the	 metal lurgical 	 condition 	 that	 has	 the	 greatest	 susceptibi l ity	 to	 cracking	 in 	 H
2

S  

s e rv i c e  s h a l l  b e  u s e d  fo r t h e  s e l e c t i o n  o f t h e  t e s t  s a m p l e s .

 M a t e ri a l s  s o u rc e ,  m e t h o d  o f p re p a ra t i o n ,  a n d  s u rfa c e  c o n d i t i o n  o f s a m p l e s  fo r t e s t i n g  s h a l l  b e  

d o c u m e n t e d .

8 . 3 . 3  S e l e c t i o n  o f l a b o ra t o ry  t e s t  m e t h o d s

 For	 carbon	 and 	 low-al loy	 steels, 	 test	 methods	 for	 SSC, 	 HIC, 	 SOHIC	 and/or	 SZC	 shal l 	 be	 selected 	

fro m  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 2  a s  re q u i re d .

 For	 CRAs	 and 	 other	 al loys, 	 test	 methods	 for	 SSC, 	 SCC, 	 and 	 galvanical ly	 induced 	 HSC	 shal l 	 be	

s e l e c t e d  fro m  AN S I /N AC E  M R 0 1 7 5 / I S O  1 5 1 5 6 - 3  a s  re q u i re d .

8 . 3 . 4  C o n d i t i o n s  t o  b e  a p p l i e d  d u ri n g  t e s t i n g

 For	 qual ifcation 	 of	 carbon	 and 	 low-al loy	 steels	 for	 general 	 sour	 service	 applications	 or	 for	 more	

re s t ri c t e d  a p p l i c a t i o n  ra n g e s ,  s t a n d a rd i z e d  t e s t  e n v i ro n m e n t s  a n d  m e c h a n i c a l  t e s t  c o n d i t i o n s  s h a l l  

b e  c h o s e n  fro m  t h o s e  d e s c ri b e d  i n  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 2 .

 For	 qual ifcation 	 of	 CRAs	 or	 other	 al loys	 for	 the	 restricted 	 application 	 ranges	 appropriate	 to	 each	

a l l o y  t y p e ,  t h e  s t a n d a rd i z e d  t e s t  e n v i ro n m e n t s  a n d  m e c h a n i c a l  t e s t  c o n d i t i o n s  s h a l l  b e  c h o s e n  

fro m  t h o s e  d e s c ri b e d  i n  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 3 .

 For	 qual ifcation 	 of	 a 	 material 	 for	 use	 in 	 appl ication-specifc	 service	 conditions, 	 the	 equipment	

u s e r s h a l l  t a k e  c a re  t o  e n s u re  t h a t  t h e  t e s t  c o n d i t i o n s  a n d  t h e  t e s t  re s u l t s  o b t a i n e d  fro m  t h e m  a re  

appropriate	 for	 those	 specifc	 service	 conditions. 	 Al l 	 the	 test	 conditions	 applied 	 shal l 	 be	 at	 least	 as	

severe, 	 with 	 respect	 to	 the	 potential 	 mode	 of	 failure, 	 as	 those	 defned	 to	 occur	 in 	 the	 feld 	 service	

( s e e  6 . 1 ). 	 The	 pH 	 applied 	 shal l 	 represent	 the	 service	 in 	 situ 	 pH.

 The	 justifcation 	 of	 the	 selection 	 of	 the	 test	 environment	 and 	 mechanical 	 test	 conditions	 with 	 re-

spect	 to	 a	 specifc	 application 	 shal l 	 be	 documented 	 by	 the	 equipment	 user.

8 . 3 . 5  A c c e p t a n c e  c ri t e ri a

 Test	 acceptance	 criteria	 shal l 	 be	 as	 defned	 for	 each	 test	 method	 in 	 ANSI/NACE	 MR01 75/

I S O  1 5 1 5 6 - 2  a n d  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 3 .
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9 :   R e p o rt  of t h e  m e t h o d  of s e l e c t i o n  o r q u a l i f c a t i o n

Materials	 selected 	 or	 qual ifed 	 in 	 accordance	 with 	 this	 document	 shal l 	 have	 the	 method	 of	 selection 	 documented 	 by	

re p o rt i n g  i t e m  a )  fro m  t h e  fo l l o w i n g  l i s t ,  t o g e t h e r w i t h  o n e  o t h e r i t e m  [ b ) ,  c ) ,  o r d ) ] :

a )  fo r a l l  m a t e ri a l s ,  e v a l u a t i o n  o f t h e  s e rv i c e  c o n d i t i o n s  ( s e e  6 . 1 )

b )  fo r a  m a t e ri a l  s e l e c t e d  w i t h  re s p e c t  t o  S S C  a n d /o r S C C  re s i s t a n c e ,  fro m  l i s t s  a n d  t a b l e s  ( s e e  C l a u s e  7 ) ,  d o c u m e n -

t a t i o n  m a k i n g  re fe re n c e  t o  t h e  re l e v a n t  s u b c l a u s e s  o f AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 2  o r AN S I /N AC E  M R 0 1 7 5 /

I S O  1 5 1 5 6 - 3 .

c)	 for	 a	 material 	 selected 	 on 	 the	 basis	 of	 feld 	 experience, 	 documentation 	 describing 	 the	 following:

1 )	 mechanism(s)	 of	 cracking	 for	 which 	 qual ifcation 	 and 	 selection 	 has	 been	 made;

2 )  m a t e ri a l  u s e d  ( s e e  8 . 1 ) ;

3)	 feld 	 experience	 (see	 8 . 2 ) .

d)	 for	 a	 material 	 selected 	 on 	 the	 basis	 of	 qual ifcation 	 by	 laboratory	 testing, 	 a	 test	 report	 describing 	 the	 following:

1 )	 mechanism(s)	 of	 cracking	 for	 which 	 qual ifcation 	 and 	 selection 	 has	 been	 made;

2 )  m a t e ri a l  s e l e c t e d  fo r l a b o ra t o ry  t e s t i n g  ( s e e  8 . 1 ) ;

3 )  s e l e c t i o n ,  s a m p l i n g ,  a n d  p re p a ra t i o n  o f t e s t  s p e c i m e n s  ( s e e  8 . 3 . 2 ) ;

4)	 justifcation 	 of	 the	 test	 environment	 and 	 physical 	 test	 conditions	 for	 qual ifcation 	 (see	 8 . 3 . 3 ) ;

5 )  t e s t  re s u l t s  t h a t  d e m o n s t ra t e  c o n fo rm a n c e  w i t h  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 2  o r AN S I /N AC E  M R 0 1 7 5 /

I S O  1 5 1 5 6 - 3  ( s e e  8 . 3 ) .

T h e  e q u i p m e n t  u s e r s h a l l  b e  re s p o n s i b l e  fo r e n s u ri n g  t h a t  t h e  re q u i re d  d o c u m e n t a t i o n  i s  p re p a re d .

B i b l i o g ra p h y

[ 1 ]  A N S I /N AC E  M R 0 1 7 5 - 2 0 0 3 ,  Me ta ls fo r Sulfde  Stre ss Cra ckin g a n d Stre ss Co rro sio n  Cra ckin g Re sista n ce  in  So ur 

O ilfe ld En viro n m e n ts

[ 2 ]  A N S I /N AC E  T M 0 1 7 7 ,  L a b o ra to ry te stin g o f m e ta ls fo r re sista n ce  to  su lfde  stre ss cra ckin g a n d stre ss co rro sio n  

cra ckin g in  H
2

S e n viro n m e n ts

[ 3 ]  AN S I /N AC E  T M 0 2 8 4 ,  Eva lua tio n  o f p ip e lin e  a n d p re ssure  ve sse l ste e ls fo r re sista n ce  to  h ydro ge n  in duce d cra ckin g

[ 4 ]  N AC E  M R 0 1 7 6 ,  Me ta llic m a te ria ls fo r sucke r-ro d p u m p s fo r co rro sive  o ilfe ld e n viro n m e n ts

[ 5 ]  E F C  P u b l i c a t i o n  1 6 1 ,  G uide lin e s o n  m a te ria ls re q u ire m e n ts fo r ca rb o n  a n d lo w a llo y ste e ls fo r H2S-co n ta in in g 

e n viro n m e n ts in  o il a n d ga s p ro ductio n

[ 6 ]  E F C  P u b l i c a t i o n  1 7 ,  C o rro s i o n  re s i s t a n t  a l l o y s  fo r o i l  a n d  g a s  p ro d u c t i o n :  g u i d e l i n e s  o n  g e n e ra l  re q u i re m e n t s  a n d  

test	 methods	 for	 H
2

S  s e rv i c e

[ 7 ]  t h e  I S O  1 5 1 5 6  s e ri e s  m a i n t e n a n c e  w e b s i t e ,  h t t p : //w w w. i s o . o rg /i s o 1 5 1 5 6 m a i n t e n a n c e

1  E u ro p e a n  F e d e ra t i o n  o f C o r ro s i o n  ( E F C ) ,  c /o  T h e  I n s t i t u te  o f M a te r i a l s ,  1  C a r l to n  H o u s e  Te r ra c e ,  L o n d o n  S W 1 Y  5 D B ,  U K ,  w w w. e fc we b . o rg .
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I n t e rn a t i o n a l  S t a n d a rd

AN S I /N AC E  M R 0 1 7 5 - 2 0 2 1 / I S O  1 5 1 5 6 - 2 : 2 0 2 0

F o u rt h  E d i t i o n

I d e n t i c a l  t o  I S O  1 5 1 5 6 - 2 : 2 0 2 0

P e t ro l e u m  a n d  n a t u ra l  g a s  i n d u s t ri e s  —  

M a t e ri a l s  fo r u s e  i n  H
2

S - c o n t a i n i n g  e n v i ro n m e n t s   

i n  o i l  a n d  g a s  p ro d u c t i o n   

Pa rt 2:  

C ra c k i n g - re s i s t a n t  c a rb o n  a n d  l o w - a l l o y  s t e e l s ,   

a n d  t h e  u s e  o f c a s t  i ro n s

A n  A m e ri c a n  N a t i o n a l  S t a n d a rd

A p p ro v e d  2 1  S e p  2 0 2 2



C O P YRI G H T  P RO T E C T E D  D O C U M E N T

T h e s e  m a t e ri a l s  a re  s u b j e c t  t o  c o p y ri g h t  c l a i m s  o f I S O  a n d  AM P P.   N o  p a rt  o f t h i s  p u b l i c a t i o n  m a y  b e  re p ro d u c e d  i n  a n y  

fo rm ,  i n c l u d i n g  a n  e l e c t ro n i c  re t ri e v a l  s y s t e m ,  w i t h o u t  t h e  p ri o r w ri t t e n  p e rm i s s i o n  o f AM P P.   Al l  re q u e s t s  p e rt a i n i n g  t o  t h e  

AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6  s t a n d a rd  s h o u l d  b e  s u b m i t t e d  t o  AM P P.   Al l  ri g h t s  re s e rv e d .

I n t e rn a t i o n a l  O rg a n i z a t i o n  fo r S t a n d a rd i z a t i o n  ( I S O )

I S O  C e n t ra l  S e c re t a ri a t

B I B C  I I

C h e m i n  d e  B l a n d o n n e t  8

C P  4 0 1

1 2 1 4  Ve rn i e r,  G e n e v a

S w i t z e rl a n d

Te l .  +  4 1  2 2  7 4 9  0 1  1 1

F a x  +  4 1  2 2  7 4 9  0 9  4 7

We b :  w w w. i s o . c h

As s o c i a t i o n  fo r M a t e ri a l s  P ro t e c t i o n  a n d  P e rfo rm a n c e  ( AM P P )

1 5 8 3 5  P a rk Te n  P l a c e

H o u s t o n ,  T X  7 7 0 8 4 - 5 1 4 5

Te l .  + 1  2 8 1 - 2 2 8 - 6 2 2 3

F a x  + 1  2 8 1 - 2 2 8 - 6 3 0 0

We b :  w w w. a m p p . o rg

P ri n t e d  i n  t h e  U . S . A.  b y  AM P P

A M P P  v a l u e s  y o u r i n p u t .  To  p ro v i d e  fe e d b a c k  o n  t h i s  s t a n d a rd ,  p l e a s e  c o n t a c t :  s t a n d a rd s @ a m p p . o rg
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F o re w o rd

I S O  ( t h e  I n t e rn a t i o n a l  O rg a n i z a t i o n  fo r S t a n d a rd i z a t i o n )  i s  a  w o rl d w i d e  fe d e ra t i o n  o f n a t i o n a l  s t a n d a rd s  b o d i e s  ( I S O  

m e m b e r b o d i e s ) .  T h e  w o rk  o f p re p a ri n g  I n t e rn a t i o n a l  S t a n d a rd s  i s  n o rm a l l y  c a rri e d  o u t  t h ro u g h  I S O  t e c h n i c a l  c o m m i t -

t e e s .  E a c h  m e m b e r b o d y  i n t e re s t e d  i n  a  s u b j e c t  fo r w h i c h  a  t e c h n i c a l  c o m m i t t e e  h a s  b e e n  e s t a b l i s h e d  h a s  t h e  ri g h t  

t o  b e  re p re s e n t e d  o n  t h a t  c o m m i t t e e .  I n t e rn a t i o n a l  o rg a n i z a t i o n s ,  g o v e rn m e n t a l  a n d  n o n - g o v e rn m e n t a l ,  i n  l i a i s o n  w i t h  

I S O ,  a l s o  t a k e  p a rt  i n  t h e  w o rk .  I S O  c o l l a b o ra t e s  c l o s e l y  w i t h  t h e  I n t e rn a t i o n a l  E l e c t ro t e c h n i c a l  C o m m i s s i o n  ( I E C )  o n  a l l  

m a t t e rs  o f e l e c t ro t e c h n i c a l  s t a n d a rd i z a t i o n .

T h e  p ro c e d u re s  u s e d  t o  d e v e l o p  t h i s  d o c u m e n t  a n d  t h o s e  i n t e n d e d  fo r i t s  fu rt h e r m a i n t e n a n c e  a re  d e s c ri b e d  i n  t h e  

I S O /I E C  D i re c t i v e s ,  P a rt  1 .  I n  p a rt i c u l a r,  t h e  d i ffe re n t  a p p ro v a l  c ri t e ri a  n e e d e d  fo r t h e  d i ffe re n t  t y p e s  o f I S O  d o c u m e n t s  

s h o u l d  b e  n o t e d .  T h i s  d o c u m e n t  w a s  d ra ft e d  i n  a c c o rd a n c e  w i t h  t h e  e d i t o ri a l  ru l e s  o f t h e  I S O /I E C  D i re c t i v e s ,  P a rt  2  

( s e e  w w w. i s o . o rg /d i re c t i v e s ) .

A t t e n t i o n  i s  d ra w n  t o  t h e  p o s s i b i l i t y  t h a t  s o m e  o f t h e  e l e m e n t s  o f t h i s  d o c u m e n t  m a y  b e  t h e  s u b j e c t  o f p a t e n t  ri g h t s .  I S O  

shall 	 not	 be	 held 	 responsible	 for	 identifying	 any	 or	 al l 	 such	 patent	 rights. 	 Detai ls	 of	 any	 patent	 rights	 identifed 	 during 	

t h e  d e v e l o p m e n t  o f t h e  d o c u m e n t  w i l l  b e  i n  t h e  I n t ro d u c t i o n  a n d /o r o n  t h e  I S O  l i s t  o f p a t e n t  d e c l a ra t i o n s  re c e i v e d  ( s e e  

w w w. i s o . o rg /p a t e n t s ) .

A n y  t ra d e  n a m e  u s e d  i n  t h i s  d o c u m e n t  i s  i n fo rm a t i o n  g i v e n  fo r t h e  c o n v e n i e n c e  o f u s e rs  a n d  d o e s  n o t  c o n s t i t u t e  a n  

e n d o rs e m e n t .

For	 an 	 explanation 	 of	 the	 voluntary	 nature	 of	 standards, 	 the	 meaning 	 of	 ISO	 specifc	 terms	 and 	 expressions	 related 	 to	

c o n fo rm i t y  a s s e s s m e n t ,  a s  w e l l  a s  i n fo rm a t i o n  a b o u t  I S O ’ s  a d h e re n c e  t o  t h e  Wo rl d  Tra d e  O rg a n i z a t i o n  ( W T O )  p ri n c i -

p l e s  i n  t h e  Te c h n i c a l  B a rri e rs  t o  Tra d e  ( T B T ) ,  s e e  w w w. i s o . o rg /i s o /fo re w o rd . h t m l .

T h i s  d o c u m e n t  w a s  p re p a re d  b y  Te c h n i c a l  C o m m i t t e e  I S O /T C  6 7 ,  Ma te ria ls,  e q uip m e n t a n d o ffsh o re  structure s fo r 

p e tro le um ,  p e tro ch e m ica l a n d n a tura l ga s in dustrie s,  i n  c o l l a b o ra t i o n  w i t h  t h e  E u ro p e a n  C o m m i t t e e  fo r S t a n d a rd i z a t i o n  

( C E N )  Te c h n i c a l  C o m m i t t e e  C E N /T C  1 2 ,  Ma te ria ls,  e q uip m e n t a n d o ffsh o re  structure s fo r p e tro le um ,  p e tro ch e m ica l 

a n d n a tura l ga s in dustrie s,  i n  a c c o rd a n c e  w i t h  t h e  Ag re e m e n t  o n  t e c h n i c a l  c o o p e ra t i o n  b e t w e e n  I S O  a n d  C E N  ( Vi e n n a  

A g re e m e n t ) .

T h i s  fo u rt h  e d i t i o n  c a n c e l s  a n d  re p l a c e s  t h e  t h i rd  e d i t i o n  ( AN S I /N AC E  M R 0 1 7 5 - 2 0 1 5 /I S O  1 5 1 5 6 - 2 : 2 0 1 5 ) ,  w h i c h  h a s  

b e e n  t e c h n i c a l l y  re v i s e d .  T h e  m a i n  c h a n g e s  c o m p a re d  t o  t h e  p re v i o u s  e d i t i o n  a re  a s  fo l l o w s :

— c o rre c t i o n s  o f t e m p e ra t u re  c o n v e rs i o n  fo r w e l d i n g  ( s e e  A. 2 . 1 . 4 ) ,  c o l d  d e fo rm a t i o n  a n d  s t re s s  re l i e f ( s e e  A. 2 . 1 . 6 ) ,  

identifcation 	 stamping	 (see	 A. 2 . 1 . 9 ) ,  t u b u l a rs  a n d  t u b u l a r c o m p o n e n t s  ( s e e  A. 2 . 2 . 3 . 4 ) ,  c o m p re s s o r i m p e l l e rs  ( s e e  

A . 2 . 3 . 3 . 2 ) ;

— t i t l e  c h a n g e  fro m  S h e a r ra m s  t o  R a m s  i n  A. 2 . 3 . 2 . 2 ;

— a d d i t i o n  o f C 1 1 0  a n d  c h a n g e s  t h e  d e s i g n a t i o n  o f C 9 5  t o  R 9 5  i n  Ta b l e  A. 3 ;

— re fe re n c e  c h a n g e  t o  N AC E  T M 0 3 1 6  i n  Ta b l e  B . 1 ;

— a d d i t i o n  o f re fe re n c e  t o  B S  8 7 0 1  i n  B . 4 . 3 ;

— c h a n g e s  a n d  a d d i t i o n s  t o  Ta b l e  B . 3 ;

—	 modifcation 	 of	 Annex	 C	 to	 include	 alternative	 parameters	 and 	 expanded	 explanation 	 for	 the	 use	 of	 chemical 	 activity	

a n d  fu g a c i t y,  a n d  t o  p ro v i d e  s o m e  g e n e ra l  g u i d a n c e  fo r t h e  u s e  o f t h e rm o d y n a m i c  m o d e l i n g  fo r t h e  d e t e rm i n a t i o n  

o f e n v i ro n m e n t a l  s e v e ri t y.

A N S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6  c o n s i s t s  o f t h e  fo l l o w i n g  p a rt s ,  u n d e r t h e  g e n e ra l  t i t l e  Pe tro le um  a n d n a tura l ga s in -

dustrie s — Ma te ria ls fo r use  in  H
2

S-co n ta in in g e n viro n m e n ts in  o il a n d ga s p ro ductio n

— Pa rt 1 :  G e n e ra l p rin cip le s fo r se le ctio n  o f cra ckin g-re sista n t m a te ria ls

— Pa rt 2:  Cra ckin g-re sista n t ca rb o n  a n d lo w-a llo y ste e ls,  a n d th e  use  o f ca st iro n s

— Pa rt 3:  Cra ckin g-re sista n t CRA s (co rro sio n -re sista n t a llo ys)  a n d o th e r a llo ys



A N S I / N A C E  M R 0 1 7 5 - 2 0 2 1 / I S O  1 5 1 5 6 - 2 : 2 0 2 0
©2 0 2 2  As s o c i a t i o n  fo r M a t e ri a l s  P ro t e c t i o n  a n d  P e rfo rm a n c e  ( A M P P )  a n d  I n t e rn a t i o n a l  O rg a n i z a t i o n  fo r S t a n d a rd i z a t i o n  ( I S O ) .  Al l  ri g h t s  re s e rv e d .  

P a rt  2 - 7

I n t ro d u c t i o n

The	 consequences	 of	 sudden	 failures	 of	 metal l ic	 oi l 	 and 	 gas	 feld 	 components, 	 associated 	 with 	 their	 exposure	 to	

H
2
S-containing 	 production 	 fuids, 	 led 	 to	 the	 preparation 	 of	 the	 frst	 edition 	 of	 NACE  M R 0 1 7 5 ,  w h i c h  w a s  p u b l i s h e d  i n  

1 9 7 5  b y  t h e  N a t i o n a l  As s o c i a t i o n  o f C o rro s i o n  E n g i n e e rs ,  n o w  k n o w n  a s  t h e  As s o c i a t i o n  fo r M a t e ri a l s  P ro t e c t i o n  a n d  

P e rfo rm a n c e  ( AM P P ) .

T h e  o ri g i n a l  a n d  s u b s e q u e n t  e d i t i o n s  o f N AC E  M R 0 1 7 5  e s t a b l i s h e d  l i m i t s  o f H
2

S  p a rt i a l  p re s s u re  a b o v e  w h i c h  p re c a u -

tions	 against	 sulfde	 stress	 cracking	 (SSC)	 were	 always	 considered 	 necessary. 	 They	 also	 provided 	 guidance	 for	 the	

selection 	 and 	 specifcation 	 of	 SSC-resistant	 materials	 when	 the	 H
2

S  t h re s h o l d s  w e re  e x c e e d e d .  I n  m o re  re c e n t  e d i t i o n s ,  

N AC E  M R 0 1 7 5  h a s  a l s o  p ro v i d e d  a p p l i c a t i o n  l i m i t s  fo r s o m e  c o rro s i o n - re s i s t a n t  a l l o y s ,  i n  t e rm s  o f e n v i ro n m e n t a l  c o m -

p o s i t i o n  a n d  p H ,  t e m p e ra t u re  a n d  H
2

S  p a rt i a l  p re s s u re s .

I n  s e p a ra t e  d e v e l o p m e n t s ,  t h e  E u ro p e a n  F e d e ra t i o n  o f C o rro s i o n  i s s u e d  E F C  P u b l i c a t i o n  1 6  i n  1 9 9 5  a n d  E F C  P u b l i -

c a t i o n  1 7  i n  1 9 9 6 .  T h e s e  d o c u m e n t s  a re  g e n e ra l l y  c o m p l e m e n t a ry  t o  t h o s e  o f N AC E  t h o u g h  t h e y  d i ffe re d  i n  s c o p e  a n d  

d e t a i l .

I n  2 0 0 3 ,  t h e  p u b l i c a t i o n  o f t h e  I S O  1 5 1 5 6 - s e ri e s  a n d  N AC E  M R 0 1 7 5 /I S O  1 51 56	 was	 completed 	 for	 the	 frst	 time. 	 These	

t e c h n i c a l l y  i d e n t i c a l  d o c u m e n t s  u t i l i z e d  t h e  a b o v e  s o u rc e s  t o  p ro v i d e  re q u i re m e n t s  a n d  re c o m m e n d a t i o n s  fo r m a t e ri a l s  

qualifcation 	 and 	 selection 	 for	 application 	 in 	 environments	 containing 	 wet	 H
2

S  i n  o i l  a n d  g a s  p ro d u c t i o n  s y s t e m s .  T h e y  

a re  c o m p l e m e n t e d  b y  N AC E  T M 0 1 7 7  a n d  N AC E  T M 0 2 8 4  t e s t  m e t h o d s .

T h e  re v i s i o n  o f t h i s  d o c u m e n t ,  i . e . ,  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 2 ,  i n v o l v e s  a  c o n s o l i d a t i o n  o f a l l  c h a n g e s  a g re e d  

a n d  p u b l i s h e d  i n  t h e  Te c h n i c a l  C i rc u l a r 1 ,  I S O  1 5 1 5 6 - 2 : 2 0 1 5 / C i r. 1 : 2 0 1 7 ,  t h e  Te c h n i c a l  C i rc u l a r 2 ,  I S O  1 5 1 5 6 - 2 : 2 0 1 5 /

C i r. 2 : 2 0 1 8  a n d  t h e  Te c h n i c a l  C i rc u l a r 3 ,  I S O  1 5 1 5 6 - 2 : 2 0 1 5 /C i r. 3 : 2 0 1 9 ,  p u b l i s h e d  b y  t h e  I S O  1 5 1 5 6  s e ri e s  M a i n t e n a n c e  

Ag e n c y  s e c re t a ri a t  a t  D I N .

T h e  c h a n g e s  w e re  d e v e l o p e d  b y  a n d  a p p ro v e d  b y  t h e  b a l l o t  o f,  re p re s e n t a t i v e  g ro u p s  fro m  w i t h i n  t h e  o i l  a n d  g a s  p ro -

d u c t i o n  i n d u s t ry.  T h e  g re a t  m a j o ri t y  o f t h e s e  c h a n g e s  s t e m  fro m  i s s u e s  ra i s e d  b y  d o c u m e n t  u s e rs .  A d e s c ri p t i o n  o f t h e  

p ro c e s s  b y  w h i c h  t h e s e  c h a n g e s  w e re  a p p ro v e d  c a n  b e  fo u n d  a t  t h e  I S O  1 5 1 5 6  s e ri e s  m a i n t e n a n c e  w e b s i t e :  w w w. i s o .

o rg /i s o 1 5 1 5 6 m a i n t e n a n c e .

W h e n  fo u n d  n e c e s s a ry  b y  o i l  a n d  g a s  p ro d u c t i o n  i n d u s t ry  e x p e rt s ,  fu t u re  i n t e ri m  c h a n g e s  t o  t h i s  d o c u m e n t  w i l l  b e  

p ro c e s s e d  i n  t h e  s a m e  w a y  a n d  w i l l  l e a d  t o  i n t e ri m  u p d a t e s  t o  t h i s  d o c u m e n t  i n  t h e  fo rm  o f Te c h n i c a l  C o rri g e n d a  o r 

Te c h n i c a l  C i rc u l a rs .  D o c u m e n t  u s e rs  s h o u l d  b e  a w a re  t h a t  s u c h  d o c u m e n t s  c a n  e x i s t  a n d  c a n  i m p a c t  t h e  v a l i d i t y  o f t h e  

d a t e d  re fe re n c e s  i n  t h i s  d o c u m e n t .

T h e  I S O  1 5 1 5 6  s e ri e s  M a i n t e n a n c e  Ag e n c y  a t  D I N  w a s  s e t  u p  a ft e r a p p ro v a l  b y  t h e  I S O  Te c h n i c a l  M a n a g e m e n t  B o a rd  

g i v e n  i n  d o c u m e n t  3 4 /2 0 0 7 .  T h i s  d o c u m e n t  d e s c ri b e s  t h e  m a k e u p  o f t h e  a g e n c y,  w h i c h  i n c l u d e s  e x p e rt s  fro m  AM P P,  

E F C  a n d  I S O /T C  6 7 ,  a n d  t h e  p ro c e s s  fo r a p p ro v a l  o f a m e n d m e n t s .  I t  i s  a v a i l a b l e  fro m  t h e  I S O  1 5 1 5 6  s e ri e s  m a i n t e -

n a n c e  w e b s i t e  a n d  fro m  t h e  I S O /T C  6 7  S e c re t a ri a t .  T h e  w e b s i t e  a l s o  p ro v i d e s  a c c e s s  t o  re l a t e d  d o c u m e n t s  t h a t  p ro -

v i d e  m o re  d e t a i l  o f t h e  I S O  1 5 1 5 6  s e ri e s  m a i n t e n a n c e  a c t i v i t i e s .
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P a rt  2 - 8

P e t ro l e u m  a n d  n a t u ra l  g a s  i n d u s t ri e s  — M a t e ri a l s  fo r u s e  i n  H
2

S - c o n t a i n i n g  

e n v i ro n m e n t s  i n  o i l  a n d  g a s  p ro d u c t i o n  — P a rt  2 :  C ra c k i n g - re s i s t a n t  c a rb o n  a n d  

l o w- a l l o y  s t e e l s ,  a n d  t h e  u s e  o f c a s t  i ro n s

WA R N I N G  —  C a rb o n  a n d  l o w - a l l o y  s t e e l s  a n d  c a s t  i ro n s  s e l e c t e d  u s i n g  t h i s  d o c u m e n t  a re  re s i s t a n t  t o  c ra c k i n g  i n  

defned 	 H
2

S - c o n t a i n i n g  e n v i ro n m e n t s  i n  o i l  a n d  g a s  p ro d u c t i o n  b u t  n o t  n e c e s s a ri l y  i m m u n e  t o  c ra c k i n g  u n d e r a l l  

s e rv i c e  c o n d i t i o n s .  I t  i s  t h e  e q u i p m e n t  u s e r ’ s  re s p o n s i b i l i t y  t o  s e l e c t  t h e  c a rb o n  a n d  l o w  a l l o y  s t e e l s  a n d  c a s t  i ro n s  

s u i t a b l e  fo r t h e  i n t e n d e d  s e rv i c e .

1 :   S c o p e

This	 document	 gives	 requirements	 and 	 recommendations	 for	 the	 selection 	 and 	 qualifcation 	 of	 carbon	 and 	 low-al loy	

s t e e l s  fo r s e rv i c e  i n  e q u i p m e n t  u s e d  i n  o i l  a n d  n a t u ra l  g a s  p ro d u c t i o n  a n d  n a t u ra l  g a s  t re a t m e n t  p l a n t s  i n  H
2

S - c o n t a i n i n g  

e n v i ro n m e n t s ,  w h o s e  fa i l u re  c a n  p o s e  a  ri s k  t o  t h e  h e a l t h  a n d  s a fe t y  o f t h e  p u b l i c  a n d  p e rs o n n e l  o r t o  t h e  e n v i ro n m e n t .  

I t  c a n  b e  a p p l i e d  t o  h e l p  t o  a v o i d  c o s t l y  c o rro s i o n  d a m a g e  t o  t h e  e q u i p m e n t  i t s e l f.  I t  s u p p l e m e n t s ,  b u t  d o e s  n o t  re p l a c e ,  

t h e  m a t e ri a l s  re q u i re m e n t s  o f t h e  a p p ro p ri a t e  d e s i g n  c o d e s ,  s t a n d a rd s  o r re g u l a t i o n s .

This	 document	 addresses	 the	 resistance	 of	 these	 steels	 to	 damage	 that	 can	 be	 caused 	 by	 sulfde	 stress	 cracking	 (SSC)	

and 	 the	 related 	 phenomena	 of	 stress-oriented 	 hydrogen-induced	 cracking	 (SOHIC)	 and 	 soft-zone	 cracking	 (SZC).

T h i s  d o c u m e n t  a l s o  a d d re s s e s  t h e  re s i s t a n c e  o f t h e s e  s t e e l s  t o  h y d ro g e n - i n d u c e d  c ra c k i n g  ( H I C )  a n d  i t s  p o s s i b l e  d e -

v e l o p m e n t  i n t o  s t e p w i s e  c ra c k i n g  ( S W C ) .

T h i s  d o c u m e n t  i s  c o n c e rn e d  o n l y  w i t h  c ra c k i n g .  L o s s  o f m a t e ri a l  b y  g e n e ra l  ( m a s s  l o s s )  o r l o c a l i z e d  c o rro s i o n  i s  n o t  

a d d re s s e d .

Ta b l e  1  p ro v i d e s  a  n o n - e x h a u s t i v e  l i s t  o f e q u i p m e n t  t o  w h i c h  t h i s  d o c u m e n t  i s  a p p l i c a b l e ,  i n c l u d i n g  e x c l u s i o n s .

This	 document	 appl ies	 to	 the	 qual ifcation 	 and 	 selection 	 of	 materials	 for	 equipment	 designed	 and 	 constructed 	 using 	

l o a d  c o n t ro l l e d  d e s i g n  m e t h o d s .  F o r d e s i g n  u t i l i z i n g  s t ra i n - b a s e d  d e s i g n  m e t h o d s ,  s e e  AN S I /N AC E  M R 0 1 7 5 - 2 0 2 1 /

I S O  1 5 1 5 6 - 1 : 2 0 2 0 ,  C l a u s e  5 .

A n n e x  A l i s t s  S S C - re s i s t a n t  c a rb o n  a n d  l o w  a l l o y  s t e e l s ,  a n d  A. 2 . 4  i n c l u d e s  re q u i re m e n t s  fo r t h e  u s e  o f c a s t  i ro n s .

This	 document	 is	 not	 necessari ly	 suitable	 for	 application 	 to	 equipment	 used 	 in 	 refning 	 or	 downstream	 processes	 and 	

e q u i p m e n t .
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P a rt  2 - 9

Ta b l e  1  — L i s t  o f e q u i p m e n t

T h i s  d o c u m e n t  i s  a p p l i c a b l e  t o  m a t e ri a l s  u s e d  

fo r t h e  fo l l o w i n g  e q u i p m e n t
E x c l u s i o n s

D ri l l i n g ,  w e l l  c o n s t ru c t i o n  a n d  w e l l - s e rv i c i n g   

e q u i p m e n t

Equipment	 exposed	 only	 to	 dri l l ing 	 fuids	 of	 control led 	

c o m p o s i t i o n a

D ri l l  b i t s

B l o w o u t  p re v e n t e r ( B O P )  s h e a r b l a d e s b

D ri l l i n g  ri s e r s y s t e m s

Wo rk  s t ri n g s

W i re l i n e  a n d  w i re l i n e  e q u i p m e n t c

S u rfa c e  a n d  i n t e rm e d i a t e  c a s i n g

We l l s ,  i n c l u d i n g  s u b s u rfa c e  e q u i p m e n t ,  g a s  l i ft   

e q u i p m e n t ,  w e l l h e a d s  a n d  c h ri s t m a s  t re e s

S u c k e r ro d  p u m p s  a n d  s u c k e r ro d s d

E l e c t ri c  s u b m e rs i b l e  p u m p s

Other	 artifcial 	 l ift	 equipment

S l i p s

Flow-lines, 	 gathering	 l ines, 	 feld 	 facil i ties	 and 	 feld 	 processing 	

p l a n t s

C ru d e  o i l  s t o ra g e  a n d  h a n d l i n g  fa c i l i t i e s  o p e ra t i n g  a t  a  t o t a l  

a b s o l u t e  p re s s u re  b e l o w  0 . 4 5  M P a  ( 6 5  p s i )

Wa t e r- h a n d l i n g  e q u i p m e n t Wa t e r- h a n d l i n g  fa c i l i t i e s  o p e ra t i n g  a t  a  t o t a l  a b s o l u t e  p re s s u re  

b e l o w  0 . 4 5  M P a  ( 6 5  p s i )

Wa t e r i n j e c t i o n  a n d  w a t e r d i s p o s a l  e q u i p m e n t

N a t u ra l  g a s  t re a t m e n t  p l a n t s —

Tra n s p o rt a t i o n  p i p e l i n e s  fo r l i q u i d s ,  g a s e s  a n d   

multiphase	 fuids

L i n e s  h a n d l i n g  g a s  p re p a re d  fo r g e n e ra l  c o m m e rc i a l  a n d  

d o m e s t i c  u s e

F o r a l l  e q u i p m e n t  a b o v e C o m p o n e n t s  l o a d e d  o n l y  i n  c o m p re s s i o n

a  S e e  A . 2 . 3 . 2 . 3  fo r  m o re  i n fo r m a t i o n .
b  S e e  A . 2 . 3 . 2 . 1  fo r  m o re  i n fo r m a t i o n .
c  W i re l i n e  l u b r i c a to rs  a n d  l u b r i c a to r  c o n n e c t i n g  d e v i c e s  a re  n o t  e xc l u d e d .

d  F o r  s u c ke r  ro d  p u m p s  a n d  s u c ke r  ro d s ,  re fe re n c e  c a n  b e  m a d e  to  N AC E   M R 0 1 7 6 .

2 :  N o rm a t i v e  re fe re n c e s

T h e  fo l l o w i n g  d o c u m e n t s  a re  re fe rre d  t o  i n  t h e  t e x t  i n  s u c h  a  w a y  t h a t  s o m e  o r a l l  o f t h e i r c o n t e n t  c o n s t i t u t e s  re q u i re -

m e n t s  o f t h i s  d o c u m e n t .  F o r d a t e d  re fe re n c e s ,  o n l y  t h e  e d i t i o n  c i t e d  a p p l i e s .  F o r u n d a t e d  re fe re n c e s ,  t h e  l a t e s t  e d i t i o n  

o f t h e  re fe re n c e d  d o c u m e n t  ( i n c l u d i n g  a n y  a m e n d m e n t s )  a p p l i e s .

I S O  6 5 0 6  ( a l l  p a rt s ) ,  Me ta llic m a te ria ls — B rin e ll h a rdn e ss te st

I S O  6 5 0 7  ( a l l  p a rt s ) ,  Me ta llic m a te ria ls — Vicke rs h a rdn e ss te st

I S O  6 5 0 8  ( a l l  p a rt s ) ,  Me ta llic m a te ria ls — Ro ckwe ll h a rdn e ss te st

I S O  6 8 9 2 1 ,  Me ta llic m a te ria ls — Te n sile  te stin g — Pa rt 1 :  Me th o d o f te st a t ro o m  te m p e ra ture

I S O  1 0 4 2 3 ,  Pe tro le um  a n d n a tura l ga s in dustrie s — D rillin g a n d p ro ductio n  e q uip m e n t — We llh e a d a n d ch ristm a s tre e  

e q uip m e n t

AN S I /N AC E  M R 0 1 7 5 - 2 0 2 1 /I S O  1 5 1 5 6 - 1 : 2 0 2 0 ,  Pe tro le um  a n d n a tura l ga s in dustrie s — Ma te ria ls fo r use  in  H
2

S-co n -

ta in in g e n viro n m e n ts in  o il a n d ga s p ro ductio n  — Pa rt 1 :  G e n e ra l p rin cip le s fo r se le ctio n  o f cra ckin g-re sista n t m a te ria ls

A N S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 3 ,  Pe tro le u m  a n d n a tura l ga s in dustrie s — Ma te ria ls fo r use  in  H
2

S-co n ta in in g e n -

viro n m e n ts in  o il a n d ga s p ro ductio n  — Pa rt 3:  Cra ckin g-re sista n t CRA s (co rro sio n -re sista n t a llo ys)  a n d o th e r a llo ys

A N S I /N AC E  T M 0 1 7 7 1 ,  L a b o ra to ry te stin g o f m e ta ls fo r re sista n ce  to  sulfde  stre ss cra ckin g a n d stre ss co rro sio n  cra ck-

in g in  H
2

S e n viro n m e n ts

1   A s s o c i a t i o n  fo r  M a te r i a l s  P ro te c t i o n  a n d  P e r fo r m a n c e  ( A M P P ) ,  1 5 8 3 5  P a r k  Te n  P l a c e ,  H o u s to n ,  T X  7 7 0 8 4 - 5 1 4 5 ,  U S A ,  w w w. a m p p . o rg .
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P a rt  2 - 1 0

AN S I /N AC E  T M 0 2 8 4 ,  Eva lua tio n  o f p ip e lin e  a n d p re ssure  ve sse l ste e ls fo r re sista n ce  to  h ydro ge n -in duce d cra ckin g

AN S I /N AC E  T M 0 3 1 6 ,  Fo ur-p o in t b e n d te stin g o f m a te ria ls fo r o il a n d ga s a p p lica tio n s

S AE  AM S - 2 4 3 0 2 ,  Sh o t Pe e n in g

3 :   Te rm s  a n d  d e f n i t i o n s

For	 the	 purposes	 of	 this	 document, 	 the	 terms	 and 	 defnitions	 given	 in 	 ANSI/NACE	 MR01 75/ISO	 1 51 56-1 	 and 	 the	 fol-

l o w i n g  a p p l y.

3 . 1  B ri n e l l  h a rd n e s s  ( H B W )

 h a rd n e s s  v a l u e  o f a  m a t e ri a l  m e a s u re d  n o rm a l l y  u s i n g  a  1 0  m m  d i a m e t e r t u n g s t e n  c a rb i d e  b a l l  i n d e n t e r w i t h  

a  fo rc e  o f 2 9 . 4 2  k N

 N o t e  1  t o  e n t ry :  T h e  m e a s u re m e n t  s h a l l  b e  i n  a c c o rd a n c e  w i t h  t h e  I S O  6 5 0 6  s e ri e s .  H e re ,  AS T M  E 1 0  i s  e q u i v -

a l e n t  t o  I S O  6 5 0 6 - 1 .

3 . 2  b u b b l e - p o i n t  p re s s u re  (ρ
B

)

 p re s s u re  u n d e r w h i c h  g a s  b u b b l e s  fo rm  i n  a  l i q u i d  a t  a  p a rt i c u l a r o p e ra t i n g  t e m p e ra t u re

 N o t e  1  t o  e n t ry :  S e e  C . 2 .

3 . 3  b u rn i s h i n g

 p ro c e s s  o f s m o o t h i n g  s u rfa c e s  u s i n g  fri c t i o n a l  c o n t a c t  b e t w e e n  t h e  m a t e ri a l  a n d  s o m e  o t h e r h a rd  p i e c e s  o f 

m a t e ri a l ,  s u c h  a s  h a rd e n e d  s t e e l  b a l l s

3 . 4  c a s t i n g

 metal 	 that	 is	 obtained 	 at	 or	 near	 i ts	 fnished 	 shape	 by	 the	 sol idifcation 	 of	 molten 	 metal 	 in 	 a	 mold

3 . 5  c a s t  i ro n

 i ro n - c a rb o n  a l l o y  c o n t a i n i n g  a p p ro x i m a t e l y  2  %  t o  4  %  m a s s  fra c t i o n  c a rb o n

3 . 5 . 1  g re y  c a s t  i ro n

 cast	 iron 	 that	 displays	 a	 grey	 fracture	 surface	 due	 to	 the	 presence	 of	 fake	 graphite

3 . 5 . 2  w h i t e  c a s t  i ro n

 c a s t  i ro n  t h a t  d i s p l a y s  a  w h i t e  fra c t u re  s u rfa c e  d u e  t o  t h e  p re s e n c e  o f c e m e n t i t e

3 . 5 . 3  m a l l e a b l e  i ro n

 w h i t e  c a s t  i ro n  t h a t  i s  t h e rm a l l y  t re a t e d  t o  c o n v e rt  m o s t  o r a l l  o f t h e  c e m e n t i t e  t o  g ra p h i t e  ( t e m p e r 

c a rb o n )

3 . 5 . 4  d u c t i l e  i ro n

 n o d u l a r c a s t  i ro n

 c a s t  i ro n  t h a t  h a s  b e e n  t re a t e d  w h i l e  m o l t e n  w i t h  a n  e l e m e n t  ( u s u a l l y  m a g n e s i u m  o r c e ri u m )  t h a t  

s p h e ro i d i z e s  t h e  g ra p h i t e

3 . 6  c e m e n t i t e

 m i c ro s t ru c t u ra l  c o n s t i t u e n t  o f s t e e l s  c o m p o s e d  p ri n c i p a l l y  o f i ro n  c a rb i d e  ( F e
3

C )

2   S o c i e t y  o f A u t o m o t i v e  E n g i n e e rs  ( S AE ) ,  4 0 0  C o m m o n w e a l t h  D ri v e ,  Wa rre n d a l e ,  PA 1 5 0 9 6 - 0 0 0 1 ,  U S A,  w w w. s a e . o rg .
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3 . 7  c o l d  d e fo rm i n g

 c o l d  fo rg i n g

 c o l d  fo rm i n g

 c o l d  w o rk i n g

 d e fo rm i n g  m e t a l  p l a s t i c a l l y  u n d e r c o n d i t i o n s  o f t e m p e ra t u re  a n d  s t ra i n  ra t e  t h a t  i n d u c e  s t ra i n - h a rd e n i n g ,  u s u -

a l l y,  b u t  n o t  n e c e s s a ri l y,  c o n d u c t e d  a t  ro o m  t e m p e ra t u re

3 . 8  f t n e s s -fo r- p u rp o s e

 s u i t a b i l i t y  fo r u s e  u n d e r t h e  e x p e c t e d  s e rv i c e  c o n d i t i o n s

3 . 9  fre e - m a c h i n i n g  s t e e l

 s t e e l  t o  w h i c h  e l e m e n t s  s u c h  a s  s u l fu r,  s e l e n i u m  a n d  l e a d  h a v e  b e e n  a d d e d  i n t e n t i o n a l l y  t o  i m p ro v e  m a c h i n e -

a b i l i t y

3 . 1 0  l o w e r c ri t i c a l  t e m p e ra t u re

 t e m p e ra t u re  o f a  fe rro u s  m e t a l  a t  w h i c h  a u s t e n i t e  b e g i n s  t o  fo rm  d u ri n g  h e a t i n g  o r a t  w h i c h  t h e  t ra n s fo rm a t i o n  

o f a u s t e n i t e  i s  c o m p l e t e d  d u ri n g  c o o l i n g

3 . 1 1  n i t ri d i n g

 c a s e - h a rd e n i n g  p ro c e s s  i n  w h i c h  n i t ro g e n  i s  i n t ro d u c e d  i n t o  t h e  s u rfa c e  o f m e t a l l i c  m a t e ri a l s  ( m o s t  c o m m o n l y  

fe rro u s  a l l o y s )

 EXAMPLE L i q u i d  n i t ri d i n g ,  g a s  n i t ri d i n g ,  i o n  n i t ri d i n g  a n d  p l a s m a  n i t ri d i n g .

3 . 1 2  n o rm a l i z e ,  v e rb

 h e a t i n g  a  fe rro u s  m e t a l  t o  a  s u i t a b l e  t e m p e ra t u re  a b o v e  t h e  t ra n s fo rm a t i o n  ra n g e  ( a u s t e n i t i z i n g ) ,  h o l d i n g  a t  

t e m p e ra t u re  fo r a  s u i t a b l e  t i m e  a n d  t h e n  c o o l i n g  i n  s t i l l  a i r ( o r p ro t e c t i v e  a t m o s p h e re )  t o  a  t e m p e ra t u re  s u b -

s t a n t i a l l y  b e l o w  t h e  t ra n s fo rm a t i o n  ra n g e

3 . 1 3  p l a s t i c a l l y  d e fo rm e d

 p e rm a n e n t l y  d e fo rm e d  b y  s t re s s i n g  b e y o n d  t h e  l i m i t  o f e l a s t i c i t y,  i . e . ,  t h e  l i m i t  o f p ro p o rt i o n a l i t y  o f s t re s s  t o  

s t ra i n

3 . 1 4  p re s s u re - c o n t a i n i n g  p a rt

 part	 whose	 failure	 to	 function 	 as	 intended	 results	 in 	 a	 release	 of	 retained 	 fuid 	 to	 the	 atmosphere

 EXAMPLE Va l v e  b o d i e s ,  b o n n e t s  a n d  s t e m s .

3 . 1 5  q u e n c h e d  a n d  t e m p e re d

 q u e n c h  h a rd e n e d  a n d  t h e n  t e m p e re d

3 . 1 6  Ro c k w e l l  C  h a rd n e s s  ( H R C )

 h a rd n e s s  v a l u e  o f a  m a t e ri a l  m e a s u re d  u s i n g  a  R o c k w e l l  C  d i a m o n d  c o n e  i n d e n t e r w i t h  a  fo rc e  o f 1  4 7 1  N

 N o t e  1  t o  e n t ry :  T h e  m e a s u re m e n t  s h a l l  b e  i n  a c c o rd a n c e  w i t h  t h e  I S O  6 5 0 8  s e ri e s .  H e re ,  AS T M  E 1 8  i s  e q u i v -

a l e n t  t o  I S O  6 5 0 8 - 1 .

3 . 1 7  s h o t - p e e n i n g

 i n d u c i n g  c o m p re s s i v e  s t re s s e s  i n  t h e  s u rfa c e  l a y e r o f a  m a t e ri a l  b y  b o m b a rd i n g  i t  w i t h  a  s e l e c t e d  m e d i u m  

( u s u a l l y  ro u n d  s t e e l  s h o t )  u n d e r c o n t ro l l e d  c o n d i t i o n s

3 . 1 8  s t re s s  re l i e f

 h e a t i n g  a  m e t a l  t o  a  s u i t a b l e  t e m p e ra t u re ,  h o l d i n g  a t  t h a t  t e m p e ra t u re  l o n g  e n o u g h  t o  re d u c e  re s i d u a l  s t re s s -

e s ,  a n d  t h e n  c o o l i n g  s l o w l y  e n o u g h  t o  m i n i m i z e  t h e  d e v e l o p m e n t  o f n e w  re s i d u a l  s t re s s e s

3 . 1 9  t e m p e ri n g

 h e a t tre a tm e n t b y h e a ti n g  to  a  te m p e ra tu re  b e l o w th e  l o we r cri ti ca l  te m p e ra tu re ,  fo r th e  p u rp o s e  o f d e cre a s i n g  th e  

h a rd n e s s  a n d  i n cre a s i n g  th e  to u g h n e s s  o f h a rd e n e d  s te e l ,  h a rd e n e d  ca s t i ro n  a n d ,  s o m e ti m e s ,  n o rm a l i z e d  s te e l
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3 . 2 0  t e n s i l e  s t re n g t h ,  u l t i m a t e  s t re n g t h

 ra t i o  o f m a x i m u m  l o a d  t o  o ri g i n a l  c ro s s - s e c t i o n a l  a re a

 N o t e  1  t o  e n t ry :  S e e  I S O  6 8 9 2 - 1 .

3 . 2 1  t e s t  b a t c h

 group	 of	 i tems	 representing 	 a	 production 	 batch	 whose	 conformity	 with 	 a	 specifed 	 requirement	 can	 be	 deter-

mined	 by	 testing 	 representative	 samples	 in 	 accordance	 with 	 a	 defned	 procedure

3 . 2 2  t u b u l a r c o m p o n e n t

 c y l i n d ri c a l  c o m p o n e n t  ( p i p e )  h a v i n g  a  l o n g i t u d i n a l  h o l e ,  u s e d  i n  d ri l l i n g /p ro d u c t i o n  o p e ra t i o n s  fo r c o n v e y i n g  

fuids

3 . 2 3  Vi c k e rs  h a rd n e s s  ( H V )

 h a rd n e s s  v a l u e  o f a  m a t e ri a l  u s i n g  a  d i a m o n d  p y ra m i d  i n d e n t e r a n d  o n e  o f a  v a ri e t y  o f p o s s i b l e  a p p l i e d  l o a d s

 N o t e  1  t o  e n t ry :  T h e  m e a s u re m e n t  s h a l l  b e  i n  a c c o rd a n c e  w i t h  t h e  I S O  6 5 0 7  s e ri e s .  H e re ,  AS T M  E 3 8 4  i s  

e q u i v a l e n t  t o  I S O  6 5 0 7 - 1 .

3 . 2 4  w e l d m e n t

 p o rt i o n  o f a  c o m p o n e n t  o n  w h i c h  w e l d i n g  h a s  b e e n  p e rfo rm e d ,  i n c l u d i n g  t h e  w e l d  m e t a l ,  t h e  h e a t - a ffe c t e d  

z o n e ,  a n d  t h e  a d j a c e n t  p a re n t  m e t a l

3 . 2 5  w e l d  m e t a l

 p o rt i o n  o f a  w e l d m e n t  t h a t  h a s  b e e n  m o l t e n  d u ri n g  w e l d i n g

3 . 2 6  w ro u g h t ,  a d j e c t i v e

 fo rm e d  t o  a  d e s i re d  s h a p e  b y  w o rk i n g  ( ro l l i n g ,  e x t ru d i n g ,  fo rg i n g ,  e t c . ) ,  u s u a l l y  a t  a n  e l e v a t e d  t e m p e ra t u re
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4 :  S y m b o l s  a n d  a b b re v i a t e d  t e rm s

AYS  a c t u a l  y i e l d  s t re n g t h

C L R  c ra c k  l e n g t h  ra t i o

C S R c ra c k  s u rfa c e  ra t i o

C T R  c ra c k  t h i c k n e s s  ra t i o

D C B  d o u b l e  c a n t i l e v e r b e a m  ( t e s t )

F P B  fo u r- p o i n t  b e n d  ( t e s t )

H B W  B ri n e l l  h a rd n e s s

H I C  h y d ro g e n - i n d u c e d  c ra c k i n g

H R C  R o c k w e l l  h a rd n e s s  ( s c a l e  C )  

H S C  h y d ro g e n  s t re s s  c ra c k i n g

O C T G  o i l  c o u n t ry  t u b u l a r g o o d s ,  i . e . ,  c a s i n g ,  t u b i n g  a n d  d ri l l  p i p e

ρ
H

2
S

 p a rt i a l  p re s s u re  o f H
2

S

ρ
C O

2  
p a rt i a l  p re s s u re  o f C O

2

R
ρ 0 , 2  

0 . 2  %  p ro o f s t re s s  i n  a c c o rd a n c e  w i t h  I S O  6 8 9 2 - 1

S M Y S  specifed 	 minimum	 yield 	 strength

S O H I C  s t re s s - o ri e n t e d  h y d ro g e n - i n d u c e d  c ra c k i n g

S S C  sulfde	 stress	 cracking

S WC  s t e p w i s e  c ra c k i n g

S Z C  s o ft - z o n e  c ra c k i n g

T t e m p e ra t u re

U N S  Unifed 	 Numbering 	 System	 (from	 SAE-ASTM, 	 Me ta ls a n d a llo ys in  th e  Un ife d Nu m b e rin g Syste m )

U T  u n i a x i a l  t e n s i l e  ( t e s t )  

5 :   P u rc h a s i n g  i n fo rm a t i o n

5 . 1  The	 preparation 	 of	 material 	 purchasing	 specifcations	 can	 require	 co-operation 	 and 	 exchange	 of	 data	 between	

t h e  e q u i p m e n t  u s e r,  t h e  e q u i p m e n t  s u p p l i e r a n d  t h e  m a t e ri a l  m a n u fa c t u re r t o  e n s u re  t h a t  t h e  m a t e ri a l  p u r-

c h a s e d  c o n fo rm s  w i t h  AN S I /N A C E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 1  a n d  t h i s  d o c u m e n t .

5 . 2  T h e  fo l l o w i n g  i n fo rm a t i o n  s h a l l  b e  p ro v i d e d :

— p re fe rre d  m a t e ri a l  t y p e s  a n d /o r g ra d e s  ( i f k n o w n ) ;

— e q u i p m e n t  t y p e  ( i f k n o w n ) ;

— re fe re n c e  t o  t h i s  d o c u m e n t ;

— a c c e p t a b l e  b a s e s  fo r s e l e c t i o n  o f m a t e ri a l s  fo r S S C  re s i s t a n c e  ( s e e  C l a u s e  7 ) ;

— re q u i re m e n t s  fo r H I C  re s i s t a n c e  ( s e e  C l a u s e  8 ) .

5 . 3  T h e  e q u i p m e n t  u s e r a n d  t h e  e q u i p m e n t  s u p p l i e r/m a t e ri a l  m a n u fa c t u re r m a y  a g re e  t h a t  c a rb o n  o r l o w - a l l o y  

s t e e l s  o t h e r t h a n  t h o s e  d e s c ri b e d  a n d /o r l i s t e d  i n  An n e x  A	 may	 be	 selected 	 subject	 to	 suitable	 qual ifcation 	

t e s t i n g  i n  a c c o rd a n c e  w i t h  An n e x  B 	 and 	 ANSI/NACE	 MR01 75/ISO	 1 51 56-1 . 	 The	 qual ifcation 	 requirements	

may	 be	 extended	 to	 include	 resistance	 to	 SOHIC	 and 	 SZC.

	 I f	 the	 purchaser	 intends	 to	 make	 use	 of	 such	 agreements, 	 extensions	 and 	 qual ifcations, 	 the	 appropriate	

additional 	 information 	 shal l 	 be	 clearly	 indicated 	 in 	 the	 materials	 purchasing	 specifcation. 	 This	 informa-

t i o n  m a y  i n c l u d e :

— re q u i re m e n t s  fo r S S C  t e s t i n g  ( s e e  7 . 1  a n d  7 . 2 ) ,

—	 service	 conditions	 for	 specifc	 sour-service	 application, 	 and

— o t h e r s p e c i a l  re q u i re m e n t s .
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5 . 4  An n e x  C  d e s c ri b e s  h o w  t o  c a l c u l a t e  t h e  H
2

S  p a rt i a l  p re s s u re  a n d  An n e x  D  g i v e s  g u i d a n c e  o n  h o w  t o  d e t e rm i n e  

the	 pH-value	 of	 a 	 fuid.

5 . 5  T h e  i n fo rm a t i o n  re q u i re d  fo r m a t e ri a l  p u rc h a s i n g  s h a l l  b e  e n t e re d  o n  s u i t a b l e  d a t a  s h e e t s .  S u g g e s t e d  fo rm a t s  

a re  g i v e n  i n  An n e x  E .

6 :   F a c t o rs  a ffe c t i n g  t h e  b e h a v i o r o f c a rb o n  a n d  l o w  a l l o y  s t e e l s   

i n  H
2

S - c o n t a i n i n g  e n v i ro n m e n t s

T h e  b e h a v i o r o f c a rb o n  a n d  l o w - a l l o y  s t e e l s  i n  H
2

S - c o n t a i n i n g  e n v i ro n m e n t s  i s  a ffe c t e d  b y  c o m p l e x  i n t e ra c t i o n s  o f 

p a ra m e t e rs ,  i n c l u d i n g  t h e  fo l l o w i n g :

a )  c h e m i c a l  c o m p o s i t i o n ,  m e t h o d  o f m a n u fa c t u re ,  p ro d u c t  fo rm ,  s t re n g t h ,  h a rd n e s s  o f t h e  m a t e ri a l  a n d  i t s  l o c a l  v a ri -

a t i o n s ,  a m o u n t  o f c o l d  w o rk ,  h e a t - t re a t m e n t  c o n d i t i o n ,  m i c ro s t ru c t u re ,  m i c ro s t ru c t u ra l  u n i fo rm i t y,  g ra i n  s i z e  a n d  

c l e a n l i n e s s  o f t h e  m a t e ri a l ;

b )  H
2

S  p a rt i a l  p re s s u re  o r e q u i v a l e n t  c o n c e n t ra t i o n  i n  t h e  w a t e r p h a s e ;

c )  c h l o ri d e  i o n  c o n c e n t ra t i o n  i n  t h e  w a t e r p h a s e ;

d )  a c i d i t y  ( p H )  o f t h e  w a t e r p h a s e ;

e )  p re s e n c e  o f s u l fu r o r o t h e r o x i d a n t s ;

f)	 exposure	 to	 non-production 	 fuids;

g )  e x p o s u re  t e m p e ra t u re ;

h )  t o t a l  t e n s i l e  s t re s s  ( a p p l i e d  p l u s  re s i d u a l ) ;

i )  e x p o s u re  t i m e .

T h e s e  fa c t o rs  s h a l l  b e  c o n s i d e re d  w h e n  u s i n g  t h i s  d o c u m e n t  fo r t h e  s e l e c t i o n  o f m a t e ri a l s  s u i t a b l e  fo r e n v i ro n m e n t s  

c o n t a i n i n g  H
2

S  i n  o i l  a n d  g a s  p ro d u c t i o n  s y s t e m s .

7 :   Q u a l i f c a t i o n  a n d  s e l e c t i o n  of c a rb o n  a n d  l o w - a l l o y  s t e e l s   

w i t h  re s i s t a n c e  t o  S S C ,  S O H I C  a n d  S Z C

7 . 1  O p t i o n  1  — S e l e c t i o n  o f S S C - re s i s t a n t  s t e e l s  ( a n d  c a s t  i ro n s )  u s i n g  A. 2   

7 . 1 . 1  F o r  ρH 2 S  
<  0 . 3  k P a  ( 0 . 0 5  p s i )

 The	 selection 	 of	 materials	 for	 SSC	 resistance	 for	 ρH2S	 below	 0.3	 kPa	 (0.05	 psi)	 is	 not	 considered 	

i n  d e t a i l  i n  t h i s  d o c u m e n t .  N o rm a l l y,  n o  s p e c i a l  p re c a u t i o n s  a re  re q u i re d  fo r t h e  s e l e c t i o n  o f s t e e l s  

fo r u s e  u n d e r t h e s e  c o n d i t i o n s ,  n e v e rt h e l e s s ,  h i g h l y  s u s c e p t i b l e  s t e e l s  c a n  c ra c k .  Ad d i t i o n a l  i n fo r-

m a t i o n  o n  fa c t o rs  a ffe c t i n g  s u s c e p t i b i l i t y  o f s t e e l s  a n d  a t t a c k  b y  c ra c k i n g  m e c h a n i s m s  o t h e r t h a n  

S S C  i s  g i v e n  i n  7 . 2 . 1 .

7 . 1 . 2  F o r  ρH 2 S   
≥	 0.3	 kPa	 (0.05	 psi)

 I f t h e  p a rt i a l  p re s s u re  o f H
2

S  i n  t h e  g a s  i s  e q u a l  t o  o r g re a t e r t h a n  0 . 3  k P a  ( 0 . 0 5  p s i ) ,  S S C - re s i s t a n t  

s t e e l s  s h a l l  b e  s e l e c t e d  u s i n g  A. 2 .

N O T E  1  T h e  s t e e l s  d e s c ri b e d  o r l i s t e d  i n  A. 2  a re  c o n s i d e re d  re s i s t a n t  t o  S S C  i n  o i l  a n d  n a t u -

ra l - g a s  p ro d u c t i o n  a n d  n a t u ra l - g a s  t re a t m e n t  p l a n t s .
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N O T E  2  Users	 concerned	 with 	 the	 occurrence	 of	 SOHIC	 and/or	 SZC	 can	 refer	 to	 Option 	 2 	

( s e e  7 . 2 . 2 ) .

N O T E  3  F o r H I C  a n d  S W C ,  s e e  C l a u s e  8 .

7 . 2  Option 	 2	 —	 Selection 	 of	 steels	 for	 specifc	 sour-service	 applications	 or	 for	 ranges	 of	 sour	 service

7 . 2 . 1  Sulfde	 stress	 cracking

7 . 2 . 1 . 1  G e n e ra l

 Option 	 2	 al lows	 the	 user	 to	 qual ify	 and 	 select	 materials	 for	 sulfde	 stress	 cracking	

(SSC)	 resistance	 for	 specifc	 sour-service	 applications	 or	 for	 ranges	 of	 sour	 service.

 For	 a	 given	 material, 	 the	 l imits	 of	 environmental 	 and 	 metal lurgical 	 variables	 defned	

for	 specifc	 sour	 service	 or	 for	 a	 range	 of	 sour	 service	 by	 qual ifcation 	 in 	 accordance	

w i t h  O p t i o n  2  m a y  re p l a c e  a n y  l i m i t s  o f e n v i ro n m e n t a l  a n d  m e t a l l u rg i c a l  v a ri a b l e s  

l i s t e d  fo r t h a t  m a t e ri a l  i n  A. 2  ( O p t i o n  1 ) .

 T h e  u s e  o f o p t i o n  2  c a n  re q u i re  k n o w l e d g e  o f b o t h  t h e  i n  s i t u  p H  a n d  t h e  H
2

S  p a rt i a l  

p re s s u re  a n d  t h e i r v a ri a t i o n s  w i t h  t i m e ;  s e e  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 1 .

 O p t i o n  2  fa c i l i t a t e s  t h e  p u rc h a s e  o f b u l k  m a t e ri a l s ,  s u c h  a s  O C T G  o r l i n e  p i p e ,  w h e re  

t h e  e c o n o m i c  i n c e n t i v e  t o  u s e  m a t e ri a l s  n o t  d e s c ri b e d  n o r l i s t e d  i n  An n e x  A o u t -

weighs	 the	 additional 	 qual ifcation 	 and 	 other	 costs	 that	 can	 be	 incurred. 	 Steels	 for	

other	 equipment	 may	 also	 be	 qual ifed. 	 In 	 some	 cases, 	 this	 requires	 an 	 agreement	

b e t w e e n  t h e  s u p p l i e r a n d  t h e  e q u i p m e n t  u s e r w i t h  re s p e c t  t o  t e s t  a n d  a c c e p t a n c e  

re q u i re m e n t s .  S u c h  a g re e m e n t s  s h a l l  b e  d o c u m e n t e d .

 Option 	 2	 can	 also	 facil itate	 ftness-for-purpose	 evaluations	 of	 existing 	 carbon	 or	

l o w - a l l o y  s t e e l  e q u i p m e n t  e x p o s e d  t o  s o u r- s e rv i c e  c o n d i t i o n s  m o re  s e v e re  t h a n  a s -

s u m e d  i n  t h e  c u rre n t  d e s i g n .

7 . 2 . 1 . 2  S S C  re g i o n s  o f e n v i ro n m e n t a l  s e v e ri t y

 T h e  s e v e ri t y  o f t h e  s o u r e n v i ro n m e n t ,  d e t e rm i n e d  i n  a c c o rd a n c e  w i t h  AN S I / N A C E  

M R 0 1 7 5 /I S O  1 5 1 5 6 - 1 ,  w i t h  re s p e c t  t o  t h e  S S C  o f a  c a rb o n  o r l o w - a l l o y  s t e e l  s h a l l  b e  

a s s e s s e d  u s i n g  F i g u re  1 . 	 In 	 defning	 the	 severity	 of	 the	 H
2

S - c o n t a i n i n g  e n v i ro n m e n t ,  

t h e  p o s s i b i l i t y  o f e x p o s u re  t o  u n b u ffe re d ,  c o n d e n s e d  a q u e o u s  p h a s e s  o f l o w  p H  

d u ri n g  u p s e t  o p e ra t i n g  c o n d i t i o n s  o r d o w n t i m e ,  o r t o  a c i d s  u s e d  fo r w e l l  s t i m u l a t i o n  

and/or	 the	 backfow	 of	 stimulation 	 acid 	 after	 reaction 	 should 	 be	 considered.
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Ke y

X  H
2

S  p a rt i a l  p re s s u re ,  e x p re s s e d  i n  k i l o p a s c a l s

Y i n  s i t u  p H

0  re g i o n  0

1  S S C  re g i o n  1

2  S S C  re g i o n  2

3  S S C  re g i o n  3  

N O T E  1  The	 discontinuities	 in 	 the	 fgure	 below	 0.3	 kPa	 (0.05	 psi)	 and 	 above	 1 	 MPa	 (1 50	 psi)	 partial 	 pressure	 H
2
S	 efect	

u n c e rt a i n t y  w i t h  re s p e c t  t o  t h e  m e a s u re m e n t  o f H
2
S	 partial 	 pressure	 (low	 ρH 2 S )  a n d  t h e  s t e e l ’ s  p e rfo rm a n c e  

outside	 these	 l imits	 (for	 both 	 low	 and 	 high 	 ρH 2 S ) .

N O T E  2  G u i d a n c e  o n  t h e  c a l c u l a t i o n  o f H
2

S  p a rt i a l  p re s s u re  i s  g i v e n  i n  An n e x  C .

N O T E  3  G u i d a n c e  o n  t h e  c a l c u l a t i o n  o f p H  i s  g i v e n  i n  An n e x  D .

F i g u re  1  — R e g i o n s  o f e n v i ro n m e n t a l  s e v e ri t y  w i t h  re s p e c t  t o  t h e  S S C  o f c a rb o n  a n d  l o w - a l l o y  s t e e l s
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7 . 2 . 1 . 3  Region	 0	 —	 For	 ρH 2 S   <  0 . 3  k P a  ( 0 . 0 5  p s i )

 N o rm a l l y,  n o  p re c a u t i o n s  a re  re q u i re d  fo r t h e  s e l e c t i o n  o f s t e e l s  fo r u s e  u n d e r t h e s e  

c o n d i t i o n s .  N e v e rt h e l e s s ,  a  n u m b e r o f fa c t o rs ,  a s  fo l l o w s ,  t h a t  c a n  a ffe c t  a  s t e e l ’ s  

p e rfo rm a n c e  i n  t h i s  re g i o n  s h o u l d  b e  c o n s i d e re d .

— S t e e l s  t h a t  a re  h i g h l y  s u s c e p t i b l e  t o  S S C  a n d  H S C  c a n  c ra c k .

— S t e e l ’ s  p h y s i c a l  a n d  m e t a l l u rg i c a l  p ro p e rt i e s  a ffe c t  i t s  i n h e re n t  re s i s t a n c e  t o  

S S C  a n d  H S C ;  s e e  C l a u s e  6 .

— Ve ry  h i g h - s t re n g t h  s t e e l s  c a n  s u ffe r H S C  i n  a q u e o u s  e n v i ro n m e n t s  w i t h o u t  

H
2

S .  Ab o v e  a b o u t  9 6 5  M P a  ( 1 4 0  k s i )  y i e l d  s t re n g t h ,  a t t e n t i o n  s h o u l d  b e  

g i v e n  t o  s t e e l  c o m p o s i t i o n  a n d  p ro c e s s i n g  t o  e n s u re  t h a t  t h e s e  s t e e l s  d o  n o t  

e x h i b i t  S S C  o r H S C  i n  re g i o n  0  e n v i ro n m e n t s .

— S t re s s  c o n c e n t ra t i o n s  i n c re a s e  t h e  ri s k  o f c ra c k i n g .

7 . 2 . 1 . 4  S S C  re g i o n s  1 ,  2  a n d  3

 Referring	 to	 the	 regions	 of	 severity	 of	 the	 exposure	 as	 defned	 in 	 F i g u re  1 ,  s t e e l s  fo r 

re g i o n  1  m a y  b e  s e l e c t e d  u s i n g  A. 2 ,  A. 3  o r A. 4 ;  s t e e l s  fo r re g i o n  2  m a y  b e  s e l e c t e d  

u s i n g  A. 2  o r A. 3 ;  a n d  s t e e l s  fo r re g i o n  3  m a y  b e  s e l e c t e d  u s i n g  A. 2 .

 I n  t h e  a b s e n c e  o f s u i t a b l e  c h o i c e s  fro m  An n e x  A,  c a rb o n  a n d  l o w - a l l o y  s t e e l s  m a y  

be	 tested	 and 	 qual ifed 	 for	 use	 under	 specifc	 sour-service	 conditions	 or	 for	 use	

throughout	 a	 given	 SSC	 region. 	 Testing 	 and 	 qual ifcation 	 shal l 	 be	 in 	 accordance	 with 	

A N S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 1  a n d  An n e x  B .

 Documented 	 feld 	 experience	 may	 also	 be	 used 	 as	 the	 basis	 for	 material 	 selection 	

for	 a	 specifc	 sour-service	 application; 	 see	 ANSI/NACE	 MR01 75/ISO	 1 51 56-1 .

7 . 2 . 2  SOHIC	 and 	 SZC

 The	 user	 should 	 consider	 SOHIC	 and 	 SZC, 	 as	 defned	 in 	 ANSI/NACE	 MR01 75/ISO	 1 51 56-1 , 	

w h e n  e v a l u a t i n g  c a rb o n  s t e e l s  i n  p l a t e  fo rm  a n d  t h e i r w e l d e d  p ro d u c t s  fo r s o u r s e rv i c e  i n  H
2

S - c o n -

t a i n i n g  e n v i ro n m e n t s .

 B . 4  p ro v i d e s  g u i d a n c e  o n  t e s t  m e t h o d s  a n d  a c c e p t a n c e  c ri t e ri a  t o  e v a l u a t e  re s i s t a n c e  t o  S O H I C  

and	 SZC.

N O T E  T h e  o c c u rre n c e  o f t h e s e  p h e n o m e n a  i s  ra re  a n d  t h e y  a re  n o t  w e l l  u n d e rs t o o d .  T h e y  

have	 caused	 sudden	 failures	 in 	 parent	 steels	 (SOHIC)	 and 	 in 	 the	 HAZ	 of	 welds	

(SOHIC	 and 	 SZC). 	 Their	 occurrence	 is	 thought	 to	 be	 restricted 	 to	 carbon	 steels. 	 The	

p re s e n c e  o f s u l fu r o r o x y g e n  i n  t h e  s e rv i c e  e n v i ro n m e n t  i s  t h o u g h t  t o  i n c re a s e  t h e  

p ro b a b i l i t y  o f d a m a g e  b y  t h e s e  m e c h a n i s m s .

7 . 3  H a rd n e s s  re q u i re m e n t s

7 . 3 . 1  G e n e ra l

 T h e  h a rd n e s s  o f p a re n t  m a t e ri a l s  a n d  o f w e l d s  a n d  t h e i r h e a t - a ffe c t e d  z o n e s  p l a y  i m p o rt a n t  ro l e s  

i n  d e t e rm i n i n g  t h e  S S C  re s i s t a n c e  o f c a rb o n  a n d  l o w  a l l o y  s t e e l s .  H a rd n e s s  c o n t ro l  c a n  b e  a n  

a c c e p t a b l e  m e a n s  o f o b t a i n i n g  S S C  re s i s t a n c e .

7 . 3 . 2  P a re n t  m e t a l s
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 If	 hardness	 measurements	 on 	 parent	 metal 	 are	 specifed, 	 suffcient	 hardness	 tests	 shal l 	 be	 made	

t o  e s t a b l i s h  t h e  a c t u a l  h a rd n e s s  o f t h e  s t e e l  b e i n g  e x a m i n e d .  I n d i v i d u a l  H R C  re a d i n g s  e x c e e d i n g  

t h e  v a l u e  p e rm i t t e d  b y  t h i s  d o c u m e n t  m a y  b e  c o n s i d e re d  a c c e p t a b l e  i f t h e  a v e ra g e  o f s e v e ra l  

re a d i n g s  t a k e n  w i t h i n  c l o s e  p ro x i m i t y  d o e s  n o t  e x c e e d  t h e  v a l u e  p e rm i t t e d  b y  t h i s  d o c u m e n t  a n d  

no	 individual 	 reading	 is	 greater	 than	 2	 HRC	 above	 the	 specifed 	 value. 	 Equivalent	 requirements	

shal l 	 apply	 to	 other	 methods	 of	 hardness	 measurement	 when	 specifed 	 in 	 this	 document	 or	 refer-

enced	 in 	 a	 manufacturing 	 specifcation.

N O T E  The	 number	 and 	 location 	 of	 hardness	 tests	 on 	 parent	 metal 	 are	 not	 specifed 	 in 	 the	

AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6  s e ri e s .

 F o r fe rri t i c  s t e e l s ,  E F C  P u b l i c a t i o n  1 6 [ 3 8 ]  s h o w s  g ra p h s  fo r t h e  c o n v e rs i o n  o f h a rd n e s s  re a d i n g s ,  

fro m  Vi c k e rs  ( H V )  t o  R o c k w e l l  ( H R C )  a n d  fro m  Vi c k e rs  ( H V )  t o  B ri n e l l  ( H B W ) ,  d e ri v e d  fro m  t h e  

t a b l e s  o f AS T M  E 1 4 0  a n d  I S O  1 8 2 6 5 .  O t h e r c o n v e rs i o n  t a b l e s  a l s o  e x i s t .  U s e rs  m a y  e s t a b l i s h  

c o rre l a t i o n s  fo r i n d i v i d u a l  m a t e ri a l s .

7 . 3 . 3  We l d s

7 . 3 . 3 . 1  G e n e ra l

 T h e  m e t a l l u rg i c a l  c h a n g e s  t h a t  o c c u r o n  w e l d i n g  c a rb o n  a n d  l o w - a l l o y  s t e e l s  a ffe c t  

their	 susceptibi l ity	 to	 SSC, 	 SOHIC	 and 	 SZC.

 P ro c e s s e s  a n d  c o n s u m a b l e s  s h o u l d  b e  s e l e c t e d  i n  a c c o rd a n c e  w i t h  g o o d  p ra c t i c e  

a n d  t o  a c h i e v e  t h e  re q u i re d  c ra c k i n g  re s i s t a n c e .

 We l d i n g  s h a l l  b e  c a rri e d  o u t  i n  c o n fo rm a n c e  w i t h  a p p ro p ri a t e  c o d e s  a n d  s t a n d a rd s  

as	 agreed	 between	 the	 supplier	 and 	 the	 purchaser. 	 Welding 	 procedure	 specifca-

tions	 (WPSs)	 and 	 procedure	 qual ifcation 	 records	 (PQRs)	 shal l 	 be	 available	 for	 in-

s p e c t i o n  b y  t h e  e q u i p m e n t  u s e r.

 The	 qual ifcation 	 of	 welding	 procedures	 for	 sour	 service	 shal l 	 include	 hardness	 test-

i n g  i n  a c c o rd a n c e  w i t h  7 . 3 . 3 . 2 ,  7 . 3 . 3 . 3  a n d  7 . 3 . 3 . 4 .

7 . 3 . 3 . 2  Hardness	 testing 	 methods	 for	 welding 	 procedure	 qual ifcation

 Hardness	 testing 	 for	 welding 	 procedure	 qual ifcation 	 shal l 	 normally	 be	 carried 	 out	

u s i n g  t h e  Vi c k e rs  H V  1 0  o r H V  5  m e t h o d  i n  a c c o rd a n c e  w i t h  I S O  6 5 0 7 - 1 ,  o r t h e  

R o c k w e l l  m e t h o d  i n  a c c o rd a n c e  w i t h  I S O  6 5 0 8 - 1  u s i n g  t h e  1 5 N  s c a l e .

N O T E  F o r t h e  p u rp o s e s  o f t h i s  p ro v i s i o n ,  AS T M  E 3 8 4  i s  e q u i v a l e n t  t o  

I S O  6 5 0 7 - 1  a n d  A S T M  E 1 8  i s  e q u i v a l e n t  t o  I S O  6 5 0 8 - 1 .

 The	 HRC	 method	 may	 be	 used	 for	 welding	 procedure	 qualifcation 	 if	 the	 design	 stress	

does	 not	 exceed	 two-thirds	 of	 SMYS	 and 	 the	 welding 	 procedure	 specifcation	 in-

c l u d e s  p o s t - w e l d  h e a t  t re a tm e n t .  T h e  u s e  o f t h e  H R C  m e t h o d  fo r w e l d i n g  p ro c e d u re  

qualifcation	 in 	 al l 	 other	 cases	 shall 	 require	 the	 agreement	 of	 the	 equipment	 user.

N O T E  H a rd n e s s  s u rv e y s  u s i n g  t h e  Vi c k e rs  o r R o c k w e l l  1 5 N  t e s t i n g  m e t h o d  

p ro d u c e  a  m o re  d e t a i l e d  p i c t u re  o f w e l d  h a rd n e s s  a n d  i t s  v a ri a t i o n s .  

H a rd n e s s  s u rv e y s  u s i n g  t h e  H R C  t e s t i n g  m e t h o d  m i g h t  n o t  d e t e c t  

small 	 zones	 in 	 welds	 or	 HAZs	 where	 the	 hardness	 exceeds	 the	 ac-

c e p t a n c e  c ri t e ri a  fo r t h e  Vi c k e rs  o r R o c k w e l l  1 5 N  t e s t i n g  m e t h o d .  

The	 signifcance	 of	 such	 small 	 hard 	 zones	 is	 not	 wel l 	 understood.

 T h e  u s e  o f o t h e r h a rd n e s s  t e s t i n g  m e t h o d s  s h a l l  re q u i re  t h e  a g re e m e n t  o f t h e  e q u i p -

m e n t  u s e r.
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 The	 Vickers	 or	 Rockwell 	 1 5N 	 hardness	 testing 	 method 	 shal l 	 be	 used 	 for	 the	 qual if-

c a t i o n  o f a l t e rn a t i v e  w e l d - h a rd n e s s  a c c e p t a n c e  c ri t e ri a  a s  p e rm i t t e d  i n  7 . 3 . 3 . 4 .

7 . 3 . 3 . 3  Hardness	 surveys	 for	 welding 	 procedure	 qual ifcation

 Vi c k e rs  h a rd n e s s  s u rv e y s  s h a l l  b e  i n  a c c o rd a n c e  w i t h  F i g u re  2  fo r b u t t  w e l d s ,  F i g -

u re  3 	 for	 fl let	 welds	 and 	 F i g u re  4  fo r re p a i r a n d  p a rt i a l  p e n e t ra t i o n  w e l d s .  H R C  

s u rv e y s  o f b u t t  w e l d s  s h a l l  b e  i n  a c c o rd a n c e  w i t h  F i g u re  5 .  S u rv e y  re q u i re m e n t s  fo r 

other	 joint	 confgurations	 shal l 	 be	 developed	 from	 these	 fgures.

 Hardness	 surveys	 for	 qual ifcation 	 of	 overlay	 welding 	 procedures	 shal l 	 be	 in 	 accor-

d a n c e  w i t h  F i g u re  6 .

 D i m e n s i o n s  i n  m i l l i m e t e rs

K e y

1  w e l d  h e a t - a ffe c t e d  z o n e  ( v i s i b l e  a ft e r e t c h i n g )
a  L i n e s  o f s u r ve y.

b  H a rd n e s s  i m p re s s i o n s :  I m p re s s i o n s  2 ,  3 ,  6 ,  7 ,  1 0 ,  1 1 ,  1 4 ,  1 5 ,  1 7  a n d  1 9  s h o u l d  b e  e n t i re l y  w i t h i n  t h e  h e a t- afe c te d  zo n e  a n d  l o c a te d  a s  c l o s e  a s  p o s s i b l e  to  t h e  

fu s i o n  b o u n d a r y  b e t we e n  t h e  we l d  m e t a l  a n d  t h e  h e a t- afe c te d  zo n e .

The	 top	 l ine	 of	 survey	 should 	 be	 positioned 	 so	 that	 impressions	 2	 and 	 6	 coincide	 with 	 the	 heat-affected 	 zone	 of	 the	 fnal 	

run 	 or	 change	 of	 profle	 of	 the	 fusion 	 l ine	 associated 	 with 	 the	 fnal 	 run.

F i g u re  2  — B u t t - w e l d  s u rv e y  m e t h o d  fo r Vi c k e rs  h a rd n e s s  m e a s u re m e n t



A N S I / N A C E  M R 0 1 7 5 - 2 0 2 1 / I S O  1 5 1 5 6 - 2 : 2 0 2 0
©2 0 2 2  As s o c i a t i o n  fo r M a t e ri a l s  P ro t e c t i o n  a n d  P e rfo rm a n c e  ( A M P P )  a n d  I n t e rn a t i o n a l  O rg a n i z a t i o n  fo r S t a n d a rd i z a t i o n  ( I S O ) .  Al l  ri g h t s  re s e rv e d .  

P a rt  2 - 2 0

D i m e n s i o n s  i n  m i l l i m e t e rs

K e y

1  w e l d  h e a t - a ffe c t e d  z o n e  ( v i s i b l e  a ft e r e t c h i n g )

a  L i n e  o f s u rv e y.

b  L i n e  o f s u rv e y,  p a ra l l e l  t o  l i n e  B  a n d  p a s s i n g  t h ro u g h  t h e  fu s i o n  b o u n d a ry  b e t w e e n  t h e  w e l d  m e t a l  a n d  t h e  h e a t - a f-

fe c t e d  z o n e  a t  t h e  t h ro a t .

c  H a rd n e s s  i m p re s s i o n s :  I m p re s s i o n s  3 ,  6 ,  1 0  a n d  1 2  s h o u l d  b e  e n t i re l y  w i t h i n  t h e  h e a t - a ffe c t e d  z o n e  a n d  l o c a t e d  

a s  c l o s e  a s  p o s s i b l e  t o  t h e  fu s i o n  b o u n d a ry  b e t w e e n  t h e  w e l d  m e t a l  a n d  t h e  h e a t - a ffe c t e d  z o n e .  

F i g u re  3  — F i l l e t  w e l d
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D i m e n s i o n s  i n  m i l l i m e t e rs

K e y

1  o ri g i n a l  w e l d  h e a t - a ffe c t e d  z o n e

2  re p a i r- w e l d  h e a t - a ffe c t e d  z o n e

a  P a ra l l e l  l i n e s  o f s u rv e y.

b  H a rd n e s s  i m p re s s i o n s :  I m p re s s i o n s  i n  t h e  h e a t - a ffe c t e d  z o n e  s h o u l d  b e  l o c a t e d  a s  c l o s e  a s  p o s s i b l e  t o  t h e  fu s i o n  

b o u n d a ry.

T h e  t o p  l i n e  o f s u rv e y  s h o u l d  b e  p o s i t i o n e d  s o  t h a t  t h e  h e a t - a ffe c t e d  z o n e  i m p re s s i o n s  c o i n c i d e  w i t h  t h e  h e a t - a ffe c t e d  

zone	 of	 the	 fnal 	 run 	 or	 change	 in 	 profle	 of	 the	 cap	 of	 fusion 	 l ine	 associated 	 with 	 the	 fnal 	 run. 	

F i g u re  4  — R e p a i r a n d  p a rt i a l  p e n e t ra t i o n  w e l d s
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D i m e n s i o n s  i n  m i l l i m e t e rs

                         

K e y

1  w e l d

2  w e l d  h e a t - a ffe c t e d  z o n e  ( v i s i b l e  a ft e r e t c h i n g )

3  p a re n t  m e t a l

a  L i n e s  o f s u rv e y.

b  H a rd n e s s  i m p re s s i o n s :  I m p re s s i o n s  i n  t h e  w e l d  h e a t - a ffe c t e d  z o n e  s h o u l d  b e  l o c a t e d  w i t h i n  2  m m  o f t h e  fu s i o n  

b o u n d a ry.

F i g u re  5  — B u t t  w e l d  s u rv e y  m e t h o d  fo r R o c k w e l l  h a rd n e s s  m e a s u re m e n t s
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D i m e n s i o n s  i n  m i l l i m e t e rs

K e y

1  w e l d  h e a t - a ffe c t e d  z o n e  ( v i s i b l e  a ft e r e t c h i n g )

2  l a y e r o f w e l d  o v e rl a y  ( v i s i b l e  a ft e r e t c h i n g )

T h e  R o c k w e l l  C  h a rd n e s s  m e a s u re m e n t  m e t h o d  m a y  b e  u s e d  s u b j e c t  t o  t h e  re q u i re m e n t s  o f 7 . 3 . 3 . 2 .  H R C  h a rd n e s s  

impressions	 in 	 the	 HAZ	 shal l 	 be	 located 	 within 	 2 	 mm	 of	 the	 fusion 	 boundary. 	

a  U s i n g  t h e  Vi c k e rs  o r R o c k w e l l  1 5 N  m e a s u re m e n t  m e t h o d s ,  h a rd n e s s  i m p re s s i o n s  2 ,  6  a n d  1 0  s h o u l d  b e  e n t i re l y  

w i t h i n  t h e  h e a t - a ffe c t e d  z o n e  a n d  l o c a t e d  a s  c l o s e  a s  p o s s i b l e  t o ,  b u t  n o  m o re  t h a n  1  m m  fro m ,  t h e  fu s i o n  b o u n d -

ary	 between	 the	 weld 	 overlay	 and 	 HAZ.

b  H a rd n e s s  i m p re s s i o n s .

c  L i n e s  o f h a rd n e s s  s u rv e y  i n d e n t a t i o n s  1  t o  1 2 .  

F i g u re  6  — We l d  o v e rl a y

7 . 3 . 3 . 4  H a rd n e s s  a c c e p t a n c e  c ri t e ri a  fo r w e l d s

 We l d  h a rd n e s s  a c c e p t a n c e  c ri t e ri a  fo r s t e e l s  s e l e c t e d  u s i n g  o p t i o n  1  ( s e e  7 . 1 )  s h a l l  

be	 as	 specifed 	 in 	 A. 2 . 1 . 4 .  Al t e rn a t i v e  w e l d  h a rd n e s s  a c c e p t a n c e  c ri t e ri a  m a y  b e  

e s t a b l i s h e d  fro m  s u c c e s s fu l  S S C  t e s t i n g  o f w e l d e d  s a m p l e s .  S S C  t e s t i n g  s h a l l  b e  i n  

a c c o rd a n c e  w i t h  An n e x  B .

 Weld-hardness	 acceptance	 criteria	 for	 steels	 qual ifed 	 and/or	 selected 	 using 	 op-

t i o n  2  ( s e e  7 . 2 )  m a y  b e  e s t a b l i s h e d  fro m  s u c c e s s fu l  S S C  t e s t i n g  o f w e l d e d  s a m p l e s .  

S S C  t e s t i n g  s h a l l  b e  i n  a c c o rd a n c e  w i t h  An n e x  B .

7 . 4  O t h e r fa b ri c a t i o n  m e t h o d s

 

 F o r s t e e l s  t h a t  a re  s u b j e c t  t o  h a rd n e s s  c h a n g e  c a u s e d  b y  fa b ri c a t i o n  m e t h o d s  o t h e r t h a n  w e l d i n g ,  h a rd n e s s  

testing 	 shal l 	 be	 specifed 	 as	 part	 of	 the	 qual ifcation 	 of	 the	 fabrication 	 process. 	 Hardness	 testing 	 shal l 	 be	

specifed 	 as	 part	 of	 the	 qual ifcation 	 of	 burning/cutting 	 processes	 if	 any	 HAZ	 remains	 in 	 the	 fnal 	 product. 	 The	

re q u i re m e n t s ,  i n t e rp re t e d  fo r t h e  fa b ri c a t i o n  m e t h o d ,  a n d  h a rd n e s s  a c c e p t a n c e  c ri t e ri a  o f 7 . 3  s h a l l  a p p l y.

 T h e  fo rm  a n d  l o c a t i o n  o f t h e  s a m p l e s  fo r e v a l u a t i o n  a n d  t e s t i n g  s h a l l  b e  a c c e p t a b l e  t o  t h e  e q u i p m e n t  u s e r.
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8 :   E v a l u a t i o n  o f c a rb o n  a n d  l o w  a l l o y  s t e e l s  fo r t h e i r re s i s t a n c e  t o  H I C /S W C

The	 equipment	 user	 shal l 	 consider	 HIC/SWC	 as	 defned	 in 	 ANSI/NACE	 MR01 75/ISO  1 51 56-1 	 when	 evaluating 	 fat-

ro l l e d  c a rb o n  s t e e l  p ro d u c t s  fo r s o u r s e rv i c e  e n v i ro n m e n t s  c o n t a i n i n g  e v e n  t ra c e  a m o u n t s  o f H
2

S  a n d  s h a l l  c o n s i d e r 

H I C /S W C  t e s t i n g  o f t h e s e  p ro d u c t s .  An n e x  B  p ro v i d e s  g u i d a n c e  o n  t e s t  m e t h o d s  a n d  a c c e p t a n c e  c ri t e ri a  t o  e v a l u a t e  

re s i s t a n c e  t o  H I C /S W C .

The	 probabil ity	 of	 H IC/SWC	 is	 infuenced	 by	 steel 	 chemistry	 and 	 manufacturing 	 route. 	 The	 level 	 of	 sulfur	 in 	 the	 steel 	 is	

of	 particular	 importance, 	 typical 	 maximum	 acceptable	 levels	 for	 fat-rol led 	 and 	 seamless	 products	 are	 0.003	 %	 mass	

fra c t i o n  a n d  0 . 0 1  %  m a s s  fra c t i o n ,  re s p e c t i v e l y.  C o n v e n t i o n a l  fo rg i n g s  w i t h  s u l fu r l e v e l s  l e s s  t h a n  0 . 0 2 5  %  m a s s  fra c -

t i o n ,  a n d  c a s t i n g s ,  a re  n o t  n o rm a l l y  c o n s i d e re d  s e n s i t i v e  t o  H I C  o r S O H I C .

N O T E  1  H I C /S W C  l e a d i n g  t o  l o s s  o f c o n t a i n m e n t  h a s  o c c u rre d  o n l y  ra re l y  i n  s e a m l e s s  p i p e  a n d  o t h e r p ro d u c t s  t h a t  a re  

not	 fat-rol led. 	 Furthermore, 	 seamless	 pipe	 manufactured 	 using 	 modern	 technology	 is	 much	 less	 sensitive	 to	

HIC/SWC	 than 	 older	 products. 	 Hence, 	 there	 can	 be	 benefts	 in 	 evaluating 	 seamless	 pipe	 for	 HIC/SWC	 resis-

tance	 for	 applications	 where	 the	 potential 	 consequences	 of	 failure	 make	 this	 justifable.

N O T E  2  T h e  p re s e n c e  o f ru s t ,  s u l fu r o r o x y g e n ,  p a rt i c u l a rl y  t o g e t h e r w i t h  c h l o ri d e ,  i n  t h e  s e rv i c e  e n v i ro n m e n t  i s  t h o u g h t  

t o  i n c re a s e  t h e  p ro b a b i l i t y  o f d a m a g e .

9 :   M a rk i n g ,  l a b e l l i n g ,  a n d  d o c u m e n t a t i o n

M a t e ri a l s  c o n fo rm i n g  w i t h  t h i s  d o c u m e n t  s h a l l  b e  m a d e  t ra c e a b l e ,  p re fe ra b l y  b y  m a rk i n g ,  b e fo re  d e l i v e ry.  S u i t a b l e  l a -

b e l l i n g  o r d o c u m e n t a t i o n  i s  a l s o  a c c e p t a b l e .

For	 materials	 qual ifed 	 and 	 selected 	 for	 a	 special 	 appl ication 	 in 	 accordance	 with  An n e x  B ,  t ra c e a b i l i t y  s h a l l  i n c l u d e  re f-

e re n c e  t o  t h e  e n v i ro n m e n t a l  c o n d i t i o n s  o f t h e  s p e c i a l  a p p l i c a t i o n .

T h e  e q u i p m e n t  u s e r m a y  re q u e s t  t h e  e q u i p m e n t  o r m a t e ri a l s  s u p p l i e r t o  p ro v i d e  d o c u m e n t a t i o n  o f t h e  m a t e ri a l s  u s e d  

in 	 equipment	 or	 components	 and 	 their	 environmental 	 service	 l imits	 as	 defned	 in 	 this	 document.

Ta b l e  E . 1  a n d  Ta b l e  E . 2  p ro v i d e  d e s i g n a t i o n s  t h a t  m a y  b e  u s e d  t o  i d e n t i fy  m a t e ri a l s .
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A n n e x  A

( n o rm a t i v e )  

 

S S C - re s i s t a n t  c a rb o n  a n d  l o w a l l o y  s t e e l s  ( a n d  re q u i re m e n t s  a n d  

re c o m m e n d a t i o n s  fo r t h e  u s e  o f c a s t  i ro n s )

A. 1  G e n e ra l

 T h i s  a n n e x  d e s c ri b e s  a n d  l i s t s  S S C - re s i s t a n t  c a rb o n  a n d  l o w  a l l o y  s t e e l s .  R e q u i re m e n t s  fo r t h e  u s e  o f c a s t  

i ro n s  a re  g i v e n  i n  A. 2 . 4 .

 Steels	 conforming	 with 	 this	 annex	 might	 not	 resist	 SOHIC, 	 SZC, 	 HIC	 or	 SWC	 without	 the	 specifcation 	 of	 ad-

d i t i o n a l  re q u i re m e n t s  ( s e e  7 . 2 . 2  a n d /o r C l a u s e  8 ) .

N O T E  A. 2  i s  c o n s i s t e n t  w i t h  t h e  p re v i o u s l y  e s t a b l i s h e d  re q u i re m e n t s  o f N AC E  M R 0 1 7 5 .

 At  t h e  t i m e  o f p u b l i c a t i o n  o f t h i s  d o c u m e n t ,  t h e re  a re  n o  l i s t i n g s  o f s t e e l s  a p p ro v e d  fo r S S C  re g i o n  2  ( A. 3 )  o r 

S S C  re g i o n  1  ( A . 4 ) .  T h e re fo re ,  A. 3  a n d  A. 4  i n d i c a t e  o n l y  p ro p e rt i e s  t y p i c a l  o f s t e e l s  t h a t  a re  e x p e c t e d  t o  b e  

suitable	 for	 use	 under	 the	 defned	 conditions.

A. 2  S S C - re s i s t a n t  c a rb o n  a n d  l o w - a l l o y  s t e e l s  a n d  t h e  u s e  o f c a s t  i ro n s

A. 2 . 1  G e n e ra l  re q u i re m e n t s  fo r c a rb o n  a n d  l o w  a l l o y  s t e e l s

A. 2 . 1 . 1  G e n e ra l

 C a rb o n  a n d  l o w - a l l o y  s t e e l s  s h a l l  c o n fo rm  w i t h  A. 2 . 1 . 2  t o  A. 2 . 1 . 9 .

 C a rb o n  a n d  l o w - a l l o y  s t e e l s ,  p ro d u c t s  a n d  c o m p o n e n t s  t h a t  c o n fo rm  w i t h  A. 2  a re ,  

with 	 stated 	 exceptions, 	 qual ifed 	 in 	 accordance	 with 	 this	 document	 without	 further	

S S C  t e s t i n g .  N e v e rt h e l e s s ,  a n y  S S C  t e s t i n g  t h a t  fo rm s  p a rt  o f a  m a t e ri a l s  m a n u fa c -

turing 	 specifcation 	 shal l 	 be	 carried 	 out	 successfully	 and 	 the	 results	 reported.

 T h e  m a j o ri t y  o f s t e e l s  t h a t  c o n fo rm  w i t h  t h e  g e n e ra l  re q u i re m e n t s  o f A. 2  a re  n o t  i n -

d i v i d u a l l y  l i s t e d ;  h o w e v e r,  fo r c o n v e n i e n c e ,  s o m e  e x a m p l e s  o f s u c h  s t e e l s  a re  l i s t e d  

i n  Ta b l e  A. 2 ,  Ta b l e  A. 3  a n d  Ta b l e  A. 4 .

N O T E  1  T h e  c a rb o n  a n d  l o w - a l l o y  s t e e l s  d e s c ri b e d /l i s t e d  p re v i o u s l y  i n  

N A C E  MR01 75	 (al l 	 revisions)	 were	 identifed 	 by	 extensive	 correla-

tions	 of	 feld 	 failures/successes	 and 	 laboratory	 data. 	 The	 hardness	

l i m i t  o f H R C  2 2  a p p l i e d  t o  m o s t  c a rb o n  a n d  l o w - a l l o y  s t e e l s  i s  b a s e d  

o n  c o rre l a t i o n s  o f h e a t  t re a t m e n t ,  c h e m i c a l  c o m p o s i t i o n ,  h a rd n e s s  

a n d  fa i l u re  e x p e ri e n c e .  T h e  h i g h e r h a rd n e s s  l i m i t s  fo r t h e  c h ro m i -

u m - m o l y b d e n u m  s t e e l s  a re  b a s e d  o n  s i m i l a r c o n s i d e ra t i o n s .

N O T E  2  I t  c a n  b e  p o s s i b l e  t o  q u a l i fy  a  c a rb o n  o r l o w  a l l o y  s t e e l  n o t  d e s c ri b e d  

or	 l isted 	 in 	 the	 text	 or	 tables	 of	 A.2	 for	 use	 in 	 specifc	 sour	 service	 ap-

p l i c a t i o n s  o r fo r a  ra n g e  o f s o u r s e rv i c e  i n  a c c o rd a n c e  w i t h  O p t i o n  2  

( 7 . 2 ) .

A. 2 . 1 . 2  P a re n t  m e t a l  c o m p o s i t i o n ,  h e a t  t re a t m e n t  a n d  h a rd n e s s

 C a rb o n  a n d  l o w - a l l o y  s t e e l s  a re  a c c e p t a b l e  a t  2 2  H R C  m a x i m u m  h a rd n e s s  p ro v i d e d  

t h e y  c o n t a i n  l e s s  t h a n  1  %  m a s s  fra c t i o n  n i c k e l ,  a re  n o t  fre e - m a c h i n i n g  s t e e l s  a n d  

a re  u s e d  i n  o n e  o f t h e  fo l l o w i n g  h e a t - t re a t m e n t  c o n d i t i o n s :
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a )  h o t - ro l l e d  ( c a rb o n  s t e e l s  o n l y ) ;

b )  a n n e a l e d ;

c )  n o rm a l i z e d ;

d )  n o rm a l i z e d  a n d  t e m p e re d ;

e )  n o rm a l i z e d ,  a u s t e n i t i z e d ,  q u e n c h e d ,  a n d  t e m p e re d ;

f)  a u s t e n i t i z e d ,  q u e n c h e d ,  a n d  t e m p e re d .

A . 2 . 1 . 3  C a rb o n  s t e e l s  a c c e p t a b l e  w i t h  re v i s e d  o r a d d i t i o n a l  re s t ri c t i o n s

 I n  a d d i t i o n  t o  t h e  re s t ri c t i o n s  o f A. 2 . 1 . 2 ,  s o m e  c a rb o n  s t e e l s  a re  a c c e p t a b l e  s u b j e c t  

t o  t h e  fo l l o w i n g  re v i s e d  o r a d d i t i o n a l  re s t ri c t i o n s .

a )  F o rg i n g s  p ro d u c e d  i n  a c c o rd a n c e  w i t h  AS T M  A1 0 5  a re  a c c e p t a b l e  i f t h e  

h a rd n e s s  d o e s  n o t  e x c e e d  1 8 7  H B W.

b)	 Wrought	 pipe	 fttings	 to	 ASTM  A2 3 4 ,  g ra d e s  W P B  a n d  W P C  a re  a c c e p t a b l e  

i f t h e  h a rd n e s s  d o e s  n o t  e x c e e d  1 9 7  H B W.

A . 2 . 1 . 4  We l d i n g

 We l d i n g  a n d  w e l d - h a rd n e s s  d e t e rm i n a t i o n s  s h a l l  b e  p e rfo rm e d  i n  a c c o rd a n c e  w i t h  

7 . 3 . 3 .

 Ac c e p t a b l e  m a x i m u m  h a rd n e s s  v a l u e s  fo r c a rb o n  s t e e l ,  c a rb o n  m a n g a n e s e  s t e e l  

a n d  l o w  a l l o y  s t e e l  w e l d s  a re  g i v e n  i n  Ta b l e  A. 1 .

 As - w e l d e d  c a rb o n  s t e e l s ,  c a rb o n - m a n g a n e s e  s t e e l s  a n d  l o w - a l l o y  s t e e l s  t h a t  c o n -

fo rm  w i t h  t h e  h a rd n e s s  re q u i re m e n t s  o f Ta b l e  A . 1  d o  n o t  re q u i re  p o s t - w e l d  h e a t  

t re a t m e n t .

 Tu b u l a r p ro d u c t s  w i t h  a n  S M Y S  n o t  e x c e e d i n g  3 6 0  M P a  ( 5 2  k s i )  a n d  l i s t e d  i n  Ta -

b l e  A. 2  a re  a c c e p t a b l e  i n  t h e  a s - w e l d e d  c o n d i t i o n .  F o r t h e s e  p ro d u c t s ,  h a rd n e s s  

t e s t i n g  o f w e l d i n g  p ro c e d u re s  m a y  b e  w a i v e d  i f a g re e d  b y  t h e  e q u i p m e n t  u s e r.

 S o m e  t u b u l a r p ro d u c t s  w i t h  a n  S M Y S  e x c e e d i n g  3 6 0  M P a  ( 5 2  k s i )  ( s e e  A. 2 . 2 . 2 )  m a y  

be	 acceptable	 in 	 the	 as-welded 	 condition 	 if	 suitable	 qual ifed 	 welding 	 procedures	 are	

u s e d .  T h e  c o n d i t i o n s  i n  Ta b l e  A . 1  s h a l l  b e  m e t .

 C a rb o n  s t e e l ,  c a rb o n  m a n g a n e s e  a n d  l o w - a l l o y  s t e e l  w e l d m e n t s  t h a t  d o  n o t  c o n fo rm  

w i t h  t h e  o t h e r re q u i re m e n t s  o f t h i s  s u b c l a u s e  s h a l l  b e  p o s t  w e l d  h e a t  t re a t e d  a ft e r 

w e l d i n g .  T h e  h e a t  t re a t m e n t  t e m p e ra t u re  a n d  i t s  d u ra t i o n  s h a l l  b e  c h o s e n  t o  e n s u re  

t h a t  t h e  m a x i m u m  w e l d  z o n e  h a rd n e s s ,  d e t e rm i n e d  i n  a c c o rd a n c e  w i t h  7 . 3 ,  s h a l l  b e  

2 5 0  H V  o r,  s u b j e c t  t o  t h e  re s t ri c t i o n s  d e s c ri b e d  i n  7 . 3 . 3 ,  2 2  H R C .

 A m i n i m u m  p o s t  w e l d  h e a t  t re a t m e n t  t e m p e ra t u re  o f 6 2 1  ° C  ( 1  1 5 0  ° F )  s h a l l  b e  u s e d  

fo r l o w  a l l o y  s t e e l s .

 T h e  a c c e p t a b i l i t y  o f a n y  e ffe c t s  o n  m e c h a n i c a l  p ro p e rt i e s ,  o t h e r t h a n  h a rd n e s s ,  

c a u s e d  b y  t h e  c h o s e n  h e a t  t re a t m e n t  a n d  i t s  d u ra t i o n  s h a l l  b e  s u b j e c t  t o  t h e  a p p ro v -

a l  o f t h e  e q u i p m e n t  u s e r.

 We l d i n g  c o n s u m a b l e s  a n d  p ro c e d u re s  t h a t  p ro d u c e  a  d e p o s i t  c o n t a i n i n g  m o re  t h a n  

1 	 %	 mass	 fraction 	 nickel 	 are	 acceptable	 after	 successful 	 weld 	 SSC	 qual ifcation 	 by	

t e s t i n g  i n  a c c o rd a n c e  w i t h  An n e x  B .
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Ta b l e  A . 1  — M a x i m u m  a c c e p t a b l e  h a rd n e s s  v a l u e s  fo r c a rb o n  s t e e l ,  c a rb o n - m a n g a n e s e  s t e e l  a n d  l o w - a l l o y  s t e e l  w e l d s

H a rd n e s s  t e s t  m e t h o d s H a rd n e s s  t e s t  l o c a t i o n s  fo rwe l d i n g  p ro c e d u re  q u a l i f c a t i o n M a x i m u m  a c c e p t a b l e  h a rd n e s s

Vi c k e rs  H V  1 0  o r H V  5  

o r 

R o c k w e l l  H R  1 5 N

We l d  ro o t :

Base	 metal, 	 HAZ	 and 	 weld 	 root	 metal 	 as	 shown	 in 	 F i g u re  2 ,  

F i g u re  3  o r F i g u re  4

2 5 0  H V   

7 0 . 6  H R  1 5 N

Base	 metal 	 and 	 HAZ	 for	 weld 	 overlays	 as	 shown	 in 	 F i g u re  6 ;  

s e e  a l s o  A . 2 . 1 . 5  b )

2 5 0  H V   

7 0 . 6  H R  1 5 N

We l d  c a p :

Base	 metal, 	 HAZ	 and 	 weld 	 metal 	 of	 unexposed	 weld 	 cap	 as	

s h o w n  i n  F i g u re  2  o r F i g u re  4

2 7 5  H Va

7 3 . 0  H R  1 5 N

R o c k w e l l  H R C ;  s e e  7 . 3 . 3 . 2

A s  s h o w n  i n  F i g u re  5 2 2  H R C

Base	 metal 	 and 	 HAZ	 for	 weld 	 overlays	 as	 shown	 in 	 F i g u re  6 ;  

s e e  a l s o  A . 2 . 1 . 5  b )

2 2  H R C

a    T h e  m a x i m u m  s h a l l  b e  2 5 0  H V  o r 7 0 . 6  H R  1 5 N  u n l e s s  a l l  t h re e  o f t h e  fo l l o w i n g  c o n d i t i o n s  a re  m e t :

     —   e q u i p m e n t  u s e r a g re e s  t h e  a l t e rn a t i v e  w e l d  c a p  h a rd n e s s  l i m i t ;

     —   p a re n t  m a t e ri a l ( s )  a re  o v e r 9  m m  t h i c k ;

     —   w e l d  c a p  i s  n o t  e x p o s e d  d i re c t l y  t o  t h e  s o u r e n v i ro n m e n t .

A. 2 . 1 . 5  S u rfa c e  t re a t m e n t s ,  o v e rl a y s ,  p l a t i n g ,  c o a t i n g s ,  l i n i n g s ,  e t c .

N O T E  T h e  c o m p o s i t i o n  a n d  c ra c k i n g  re s i s t a n c e  o f o v e rl a y s  a re  a d d re s s e d  

i n  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 3 .

 M e t a l l i c  c o a t i n g s  ( e l e c t ro p l a t e d  a n d  e l e c t ro l e s s  p l a t e d ) ,  c o n v e rs i o n  c o a t i n g s ,  p l a s t i c  

c o a t i n g s  a n d  l i n i n g s  a re  n o t  a c c e p t a b l e  fo r p re v e n t i n g  S S C .

 O v e rl a y s  a p p l i e d  b y  t h e rm a l  p ro c e s s e s  s u c h  a s  w e l d i n g ,  s i l v e r b ra z i n g ,  o r s p ra y  

m e t a l l i z i n g  s y s t e m s  a re  a c c e p t a b l e  i f t h e y  c o n fo rm  w i t h  o n e  o f t h e  fo l l o w i n g  re q u i re -

m e n t s .

a )  T h e  h e a t - t re a t e d  c o n d i t i o n  o f t h e  s u b s t ra t e  i s  u n c h a n g e d ,  i . e . ,  i t  d o e s  n o t  

e x c e e d  t h e  l o w e r c ri t i c a l  t e m p e ra t u re  d u ri n g  a p p l i c a t i o n  o f t h e  o v e rl a y.

b)	 The	 maximum	 hardness	 and 	 fnal 	 heat-treated 	 condition 	 of	 the	 base	 metal 	

s u b s t ra t e  c o n fo rm  w i t h  A. 2 . 1 . 2  a n d ,  i n  t h e  c a s e  o f w e l d e d  o v e rl a y s ,  A. 2 . 1 . 4 .  

T h i s  re q u i re m e n t  m a y  b e  w a i v e d  i n  a c c o rd a n c e  w i t h  AN S I /N AC E  M R 0 1 7 5 -

2 0 2 1 /I S O  1 5 1 5 6 - 3 : 2 0 2 0 ,  A. 1 3 . 1 .  T h e  m a x i m u m  h a rd n e s s  a n d /o r o t h e r 

p ro p e rt i e s  o f t h e  w e l d  d e p o s i t  s h a l l  c o n fo rm  w i t h  t h e  re q u i re m e n t s  o f AN S I /

N A C E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 3  o r t h i s  d o c u m e n t ,  a s  a p p l i c a b l e .

 J o i n i n g  o f d i s s i m i l a r m a t e ri a l s ,  s u c h  a s  c e m e n t e d  c a rb i d e s  t o  s t e e l s  b y  s i l v e r b ra z -

i n g ,  i s  a c c e p t a b l e .  T h e  b a s e  m e t a l  a ft e r b ra z i n g  s h a l l  c o n fo rm  w i t h  A. 2 . 1 . 2 .

 N i t ri d i n g ,  w i t h  a  m a x i m u m  c a s e  d e p t h  o f 0 . 1 5  m m  ( 0 . 0 0 6  i n ) ,  i s  a n  a c c e p t a b l e  s u r-

fa c e  t re a t m e n t  i f c o n d u c t e d  a t  a  t e m p e ra t u re  b e l o w  t h e  l o w e r c ri t i c a l  t e m p e ra t u re  o f 

t h e  a l l o y  b e i n g  t re a t e d .

A. 2 . 1 . 6  C o l d  d e fo rm a t i o n  a n d  t h e rm a l  s t re s s  re l i e f

 C a rb o n  a n d  l o w - a l l o y  s t e e l s  s h a l l  b e  t h e rm a l l y  s t re s s - re l i e v e d  fo l l o w i n g  a n y  c o l d  

d e fo rm i n g  b y  ro l l i n g ,  c o l d  fo rg i n g  o r o t h e r m a n u fa c t u ri n g  p ro c e s s  t h a t  re s u l t s  i n  

a	 permanent	 outer	 fber	 deformation 	 greater	 than	 5	 %. 	 Thermal 	 stress	 rel ief	 shal l 	

b e  p e rfo rm e d  i n  a c c o rd a n c e  w i t h  a n  a p p ro p ri a t e  c o d e  o r s t a n d a rd .  T h e  m i n i m u m  

stress-relief	 temperature	 shal l 	 be	 593	 °C	 (1 	 1 00	 °F). 	 The	 fnal 	 maximum	 hardness	

shal l 	 be	 22	 HRC	 except	 for	 pipe	 fttings	 made	 from	 ASTM  A2 3 4  g ra d e  W P B  o r W P C ,  

for	 which 	 the	 fnal 	 hardness	 shal l 	 not	 exceed	 1 97	 HBW.
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 T h e  a b o v e  re q u i re m e n t  d o e s  n o t  a p p l y  t o  c o l d  w o rk  i m p a rt e d  b y  p re s s u re  t e s t i n g  a c -

c o rd i n g  t o  a n  a p p l i c a b l e  c o d e  o r s t a n d a rd  a g re e d  b y  t h e  e q u i p m e n t  u s e r.

 C o l d - ro t a ry  s t ra i g h t e n e d  p i p e  i s  a c c e p t a b l e  o n l y  w h e re  p e rm i t t e d  i n  t h e  a p p l i c a b l e  

I S O  o r AP I  p ro d u c t  s t a n d a rd s ;  s e e  a l s o  A. 2 . 2 . 3 . 4 .

 Cold-worked	 l ine	 pipe	 fttings	 of	 ASTM	 A53	 Grade	 B, 	 ASTM	 A1 06	 Grade	 B, 	 API 	 5L	

G ra d e  X - 4 2 ,  I S O  3 1 8 3  G ra d e  L 2 9 0 ,  o r l o w e r- y i e l d - s t re n g t h  g ra d e s  w i t h  s i m i l a r c h e m -

i c a l  c o m p o s i t i o n s ,  a re  a c c e p t a b l e  w i t h  c o l d  s t ra i n  e q u i v a l e n t  t o  1 5  %  o r l e s s ,  p ro v i d e d  

t h e  h a rd n e s s  i n  t h e  s t ra i n e d  a re a  d o e s  n o t  e x c e e d  1 9 0  H B W.

 SSC	 testing 	 and 	 qual ifcation 	 in 	 accordance	 with 	 An n e x  B  m a y  b e  u s e d  t o  j u s t i fy  o t h e r 

c o l d  d e fo rm a t i o n  l i m i t s .

A . 2 . 1 . 7  T h re a d i n g

 T h re a d s  p ro d u c e d  u s i n g  a  m a c h i n e - c u t t i n g  p ro c e s s  a re  a c c e p t a b l e .

 T h re a d s  p ro d u c e d  b y  c o l d  fo rm i n g  ( ro l l i n g )  a re  a c c e p t a b l e  i n  s t e e l s  t h a t  o t h e rw i s e  c o n -

fo rm  w i t h  t h e  h e a t  t re a t m e n t  a n d  h a rd n e s s  re q u i re m e n t s  o f A. 2 . 1 . 2 .

A . 2 . 1 . 8  C o l d  d e fo rm a t i o n  o f s u rfa c e s

 C o l d  d e fo rm a t i o n  o f s u rfa c e s  i s  a c c e p t a b l e  i f c a u s e d  b y  p ro c e s s e s ,  s u c h  a s  b u rn i s h i n g ,  

t h a t  d o  n o t  i m p a rt  m o re  c o l d  w o rk  t h a n  t h a t  i n c i d e n t a l  t o  n o rm a l  m a c h i n i n g  o p e ra t i o n s  

( s u c h  a s  t u rn i n g ,  b o ri n g ,  ro l l i n g ,  t h re a d i n g ,  d ri l l i n g ,  e t c . ) .

 C o l d  d e fo rm a t i o n  b y  c o n t ro l l e d  s h o t - p e e n i n g  i s  a c c e p t a b l e  i f a p p l i e d  t o  b a s e  m a t e ri a l s  

t h a t  c o n fo rm  w i t h  t h i s  d o c u m e n t  a n d  i f re s t ri c t e d  t o  a  m a x i m u m  s h o t  s i z e  o f 2 . 0  m m  

( 0 . 0 8 0  i n )  a n d  a n  A l m e n  i n t e n s i t y  n o t  e x c e e d i n g  1 0 C .  T h e  p ro c e s s  s h a l l  b e  c o n t ro l l e d  

i n  a c c o rd a n c e  w i t h  S AE  A M S - 2 4 3 0 .

A . 2 . 1 . 9  Identifcation 	 stamping

 The	 use	 of	 identifcation 	 stamping	 using 	 low-stress	 (dot-, 	 vibratory-, 	 and 	 round 	 V-)	

s t a m p s  i s  a c c e p t a b l e .

 T h e  u s e  o f c o n v e n t i o n a l  s h a rp  V- s t a m p i n g  i s  a c c e p t a b l e  i n  l o w - s t re s s  a re a s ,  s u c h  a s  

the	 outside	 diameter	 of	 fanges.

 C o n v e n t i o n a l  s h a rp  V- s t a m p i n g  s h a l l  n o t  b e  p e rfo rm e d  i n  h i g h - s t re s s  a re a s  u n l e s s  s u b -

s e q u e n t l y  s t re s s - re l i e v e d  a t  a  m i n i m u m  t e m p e ra t u re  o f 5 9 3  ° C  ( 1  1 0 0  ° F ) .

A . 2 . 2  Ap p l i c a t i o n  t o  p ro d u c t  fo rm s

A . 2 . 2 . 1  G e n e ra l

 Except	 as	 modifed 	 below, 	 the	 general 	 requirements	 of	 A. 2 . 1  s h a l l  a p p l y  t o  a l l  p ro d u c t  

fo rm s .

A . 2 . 2 . 2  Pipe, 	 plate, 	 and 	 fttings

 E x a m p l e s  o f t u b u l a r p ro d u c t s  t h a t  c a n  c o n fo rm  w i t h  A. 2 . 1  a re  s h o w n  i n  Ta b l e  A. 2 .

 Pressure	 vessel 	 steels	 classifed 	 as	 P-No	 1 , 	 Group	 1 	 or	 2, 	 in 	 Section 	 IX	 of	 the	 ASME	

B o i l e r a n d  P re s s u re  Ve s s e l  C o d e  a re  a c c e p t a b l e .

 Products	 made	 from	 fat-rol led 	 steels	 in 	 contact	 with 	 trace	 amounts	 of	 H
2

S  [ i . e . ,  e v e n  i f 

ρH 2 S  i s  b e l o w  0 . 3  k P a  ( 0 . 0 5  p s i ) ]  c a n  b e  s u s c e p t i b l e  t o  H I C /S W C  d a m a g e .
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Ta b l e  A . 2  — E x a m p l e s  o f t u b u l a r p ro d u c t s  t h a t  c a n  c o n fo rm  wi t h  A . 2 . 1

I S O  s p e c i f c a t i o n s  a n d  g ra d e s O t h e r d e s i g n a t i o n s

I S O  3 1 8 3  g ra d e s :  L 2 4 5  t h ro u g h  L 4 5 0 API 	 Specifcation 	 5L	 grades:

A a n d  B  a n d  X - 4 2  t h ro u g h  X - 6 5

A S T M  A 5 3

A S T M  A 1 0 6  g ra d e s  A ,  B  a n d  C

A S T M  A 3 3 3  g ra d e s  1  a n d  6

A S T M  A 5 2 4  g ra d e s  1  a n d  2

A S T M  A 3 8 1  c l a s s  1 ,  Y 3 5  t o  Y 6 5

 P i p e  s e a m  w e l d s  s h a l l  c o n fo rm  w i t h  A. 2 . 1 .

 A. 2 . 2 . 3  D o w n h o l e  c a s i n g ,  t u b i n g ,  a n d  t u b u l a r c o m p o n e n t s

A. 2 . 2 . 3 . 1  I S O  a n d  AP I  g ra d e s  o f c a s i n g  a n d  t u b i n g  a re  a c c e p t a b l e  fo r t h e  t e m -

p e ra t u re  ra n g e s  g i v e n  i n  Ta b l e  A. 3 .

A. 2 . 2 . 3 . 2  Tu b u l a rs  a n d  t u b u l a r c o m p o n e n t s  m a d e  o f C r- M o  l o w - a l l o y  s t e e l s  

( U N S  G 4 1 X X 0 ,  fo rm e rl y  AI S I  41 XX, 	 and 	 modifcations), 	 if	 quenched	

a n d  t e m p e re d  i n  t h e  t u b u l a r fo rm ,  a re  a c c e p t a b l e  i f t h e i r h a rd n e s s  

d o e s  n o t  e x c e e d  3 0  H R C  a n d  t h e y  h a v e  S M Y S  g ra d e s  o f 6 9 0  M P a  

( 1 0 0  k s i ) ,  7 2 0  M P a  ( 1 0 5  k s i ) ,  a n d  7 6 0  M P a  ( 1 1 0  k s i ) .  T h e  m a x i m u m  

y i e l d  s t re n g t h  fo r e a c h  g ra d e  s h a l l  b e  n o  m o re  t h a n  1 0 3  M P a  ( 1 5  k s i )  

h i g h e r t h a n  t h e  S M Y S .  S S C  re s i s t a n c e  s h a l l  b e  d e m o n s t ra t e d  b y  

t e s t i n g  e a c h  t e s t  b a t c h  a n d  s h a l l  c o n fo rm  w i t h  B . 1  u s i n g  t h e  U T  t e s t .

A. 2 . 2 . 3 . 3  Tu b u l a rs  a n d  t u b u l a r c o m p o n e n t s  m a d e  o f C r- M o  l o w - a l l o y  s t e e l s  

( U N S  G 4 1 X X 0 ,  fo rm e rl y  AI S I  41 XX	 and 	 modifcations), 	 if	 quenched	

a n d  t e m p e re d  i n  t h e  t u b u l a r fo rm ,  a re  a c c e p t a b l e  i f t h e  h a rd n e s s  

does	 not	 exceed	 26	 HRC. 	 These	 products	 should 	 be	 qual ifed 	 by	

S S C  t e s t i n g  i n  a c c o rd a n c e  w i t h  B . 1  u s i n g  t h e  U T  t e s t .

A. 2 . 2 . 3 . 4  I f t u b u l a rs  a n d  t u b u l a r c o m p o n e n t s  a re  c o l d - s t ra i g h t e n e d  a t  o r b e l o w  

5 1 0  ° C  ( 9 5 0  ° F ) ,  t h e y  s h a l l  b e  s t re s s - re l i e v e d  a t  a  m i n i m u m  t e m -

p e ra t u re  o f 4 8 2  ° C  ( 9 0 0  ° F ) .  I f t u b u l a rs  a n d  t u b u l a r c o m p o n e n t s  a re  

c o l d - fo rm e d  ( p i n - n o s e d  a n d /o r b o x - e x p a n d e d )  a n d  t h e  re s u l t a n t  p e r-

manent	 outer	 fber	 deformation 	 is	 greater	 than	 5	 %, 	 the	 cold-formed	

re g i o n s  s h a l l  b e  t h e rm a l l y  s t re s s - re l i e v e d  a t  a  m i n i m u m  t e m p e ra t u re  

o f 5 9 3  ° C  ( 1  1 0 0  ° F ) .

 I f t h e  c o n n e c t i o n s  o f h i g h - s t re n g t h  t u b u l a rs  w i t h  h a rd n e s s e s  a b o v e  

2 2  H R C  a re  c o l d - fo rm e d ,  t h e y  s h a l l  b e  t h e rm a l l y  s t re s s - re l i e v e d  a t  a  

m i n i m u m  t e m p e ra t u re  o f 5 9 3  ° C  ( 1  1 0 0  ° F ) .
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Ta b l e  A . 3  — E n v i ro n m e n t a l  c o n d i t i o n s  fo r wh i c h  g ra d e s  o f c a s i n g  a n d  t u b i n g  a re  a c c e p t a b l e

F o r a l l  t e m p e ra t u re s For	 ≥65	 °C	 (1 50	 °F) For	 ≥80	 °C	 (1 75	 °F) For	 ≥1 07	 °C	 (225	 °F)

I S O  1 1 9 6 0 a  g ra d e s :

       H 4 0  

       J 5 5  

       K 5 5  

       M 6 5  

       L 8 0  t y p e  1  

       C 9 0  t y p e  1  

       T 9 5  t y p e  1

I S O  1 1 9 6 0 a  g ra d e s :

       N 8 0  t y p e  Q  

       R 9 5 c  

       C 1 1 0

I S O  1 1 9 6 0 a  g ra d e s :

       N 8 0  

       P 1 1 0

I S O  1 1 9 6 0 a  g ra d e :

       Q 1 2 5 b

P ro p ri e t a ry  g ra d e s  a s  

d e s c ri b e d  i n  A . 2 . 2 . 3 . 3

P ro p ri e t a ry  Q & T  g ra d e s  w i t h  

7 6 0  M P a  ( 1 1 0  k s i )  o r l e s s  

m a x i m u m  y i e l d  s t re n g t h .

C a s i n g s  a n d  t u b u l a rs  m a d e  

o f C r- M o  l o w - a l l o y  s t e e l s  a s  

d e s c ri b e d  i n  A . 2 . 2 . 3 . 2 .

P ro p ri e t a ry  Q & T  g ra d e s  w i t h  

9 6 5  M P a  ( 1 4 0  k s i )  o r l e s s  

m a x i m u m  y i e l d  s t re n g t h .

 

Te m p e ra t u re s  g i v e n  a re  m i n i m u m  a l l o w a b l e  s e rv i c e  t e m p e ra t u re s  w i t h  re s p e c t  t o  S S C .

L o w  t e m p e ra t u re  t o u g h n e s s  ( i m p a c t  re s i s t a n c e )  i s  n o t  c o n s i d e re d ,  e q u i p m e n t  u s e rs  s h a l l  d e t e rm i n e  re q u i re m e n t s  s e p a ra t e l y.

a  F o r  t h e  p u r p o s e s  o f t h i s  p ro v i s i o n ,  A P I   5 C T  i s  e q u i va l e n t  to  I S O   1 1 9 6 0 : 2 0 2 0 .

b  Ty p e s   1  a n d  2  b a s e d  o n  Q & T,  C r- M o  c h e m i s t r y  to  1   0 3 6   M P a  ( 1 5 0   ks i )  m a x i m u m  y i e l d  s t re n g t h .  C - M n  s te e l s  a re  n o t  a c c e p t a b l e .

c  I n  e a r l i e r  e d i t i o n s  o f I S O   1 1 9 6 0 /A P I   5 C T  t h i s  g ra d e  w a s  n a m e d  C 9 5 .  F o r  t h e  p u r p o s e s  o f t h i s  p ro v i s i o n ,  R 9 5  a n d  t h e  fo r m e r  C 9 5  a re  d e e m e d  e q u i va l e n t .

A. 2 . 2 . 4  B o l t i n g  a n d  fa s t e n e rs

 B o l t i n g  t h a t  c a n  b e  e x p o s e d  d i re c t l y  t o  a  s o u r e n v i ro n m e n t ,  o r t h a t  i s  b u ri e d ,  i n s u -

lated, 	 equipped	 with 	 fange	 protectors	 or	 otherwise	 denied 	 direct	 atmospheric	 expo-

s u re  o r d i re c t  o p e n  s e a w a t e r e x p o s u re ,  s h a l l  c o n fo rm  t o  t h e  g e n e ra l  re q u i re m e n t s  o f 

A. 2 . 1 .

 D e s i g n e rs  a n d  u s e rs  s h o u l d  b e  a w a re  t h a t  i t  c a n  b e  n e c e s s a ry  t o  l o w e r e q u i p -

m e n t  p re s s u re  ra t i n g s  w h e n  u s i n g  S S C - re s i s t a n t  b o l t i n g  a n d  fa s t e n e rs .  T h e  u s e  o f 

SSC-resistant	 bolting 	 and 	 fasteners	 with 	 API 	 fanges	 shal l 	 be	 in 	 accordance	 with 	

I S O  1 0 4 2 3 .

Ta b l e  A . 4  — A c c e p t a b l e  b o l t i n g  m a t e ri a l s

B o l t s N u t s

A S T M  A 1 9 3  g ra d e  B 7 M

A S T M  A 3 2 0  g ra d e  L 7 M
AS T M  A 1 9 4  g ra d e s  2 H M ,  7 M

A. 2 . 3  Ap p l i c a t i o n  t o  e q u i p m e n t

A. 2 . 3 . 1  G e n e ra l

 T h e  g e n e ra l  re q u i re m e n t s  o f A. 2 . 1 	 apply, 	 with 	 the	 following	 modifcations.

A. 2 . 3 . 2  D ri l l i n g  b l o w o u t  p re v e n t e rs

A. 2 . 3 . 2 . 1  S h e a r b l a d e s

 T h e  h i g h - s t re n g t h  s t e e l s  u s e d  fo r b l o w o u t - p re v e n t e r ( B O P )  s h e a r 

b l a d e s  c a n  b e  s u s c e p t i b l e  t o  S S C .  T h e  s u i t a b i l i t y  o f s h e a r b l a d e s  

t h a t  d o  n o t  c o n fo rm  w i t h  t h i s  a n n e x  i s  t h e  re s p o n s i b i l i t y  o f t h e  e q u i p -

m e n t  u s e r.
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A. 2 . 3 . 2 . 2  R a m s

 R a m s  m a n u fa c t u re d  i n  q u e n c h e d  a n d  t e m p e re d  C r- M o  l o w - a l l o y  

s t e e l s  ( U N S  G 4 1 X X 0 ,  fo rm e rl y  AI S I  4IXX, 	 and 	 modifcations)	 are	 ac-

c e p t a b l e  i f t h e  h a rd n e s s  d o e s  n o t  e x c e e d  2 6  H R C .  I f t h e  h a rd n e s s  

o f t h e s e  a l l o y s  e x c e e d s  2 2  H R C ,  c a re fu l  a t t e n t i o n  s h a l l  b e  p a i d  t o  

c h e m i c a l  c o m p o s i t i o n  a n d  h e a t  t re a t m e n t  t o  e n s u re  t h e i r S S C  re s i s -

t a n c e .  S S C  t e s t i n g ,  a s  a g re e d  w i t h  t h e  e q u i p m e n t  u s e r,  s h a l l  d e m o n -

strate	 that	 the	 performance	 of	 the	 al loy	 meets	 or	 exceeds	 that	 of	 feld 	

p ro v e n  m a t e ri a l .

A. 2 . 3 . 2 . 3  D ri l l i n g ,  w e l l  c o n s t ru c t i o n  a n d  w e l l - s e rv i c i n g  e q u i p m e n t  e x p o s e d  o n l y  

to	 dri l l ing 	 fuids	 of	 control led 	 composition

 G i v e n  t h e  h i g h  s t re n g t h  o ft e n  n e e d e d ,  d ri l l i n g  e q u i p m e n t  m i g h t  n o t  

c o n fo rm  w i t h  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6  ( a l l  p a rt s ) .  I n  s u c h  

c a s e s ,  t h e  p ri m a ry  m e a n s  fo r a v o i d i n g  S S C  i s  c o n t ro l  o f t h e  d ri l l i n g  o r 

w e l l - s e rv i c i n g  e n v i ro n m e n t .  As  s e rv i c e  s t re s s e s  a n d  m a t e ri a l  h a rd -

ness	 increase, 	 dri l l ing-fuid 	 control 	 becomes	 increasingly	 important. 	

C a re  s h a l l  b e  t a k e n  t o  c o n t ro l  t h e  d ri l l i n g  e n v i ro n m e n t  b y  m a i n t e -

nance	 of	 dri l l ing-fuid 	 hydrostatic	 head 	 and 	 fuid 	 density	 to	 minimize	

formation-fuid 	 in-fow	 and 	 by	 the	 use	 of	 one	 or	 more	 of	 the	 following:

a )  m a i n t e n a n c e  o f p H  1 0  o r h i g h e r t o  n e u t ra l i z e  H
2

S  i n  t h e  

d ri l l e d  fo rm a t i o n ;

b)	 use	 of	 chemical 	 sulfde	 scavengers;

c)	 use	 of	 a 	 dri l l ing 	 fuid 	 in 	 which 	 oi l 	 is	 the	 continuous	 phase.

A . 2 . 3 . 3  C o m p re s s o rs  a n d  p u m p s

A . 2 . 3 . 3 . 1  C o m p re s s o r i m p e l l e rs

 U N S  G 4 3 2 0 0  ( fo rm e rl y  AI S I  4320)	 and 	 a	 modifed 	 version 	 of	

U N S  G 4 3 2 0 0  t h a t  c o n t a i n s  0 . 2 8  %  m a s s  fra c t i o n  t o  0 . 3 3  %  m a s s  

fra c t i o n  c a rb o n  a re  a c c e p t a b l e  fo r c o m p re s s o r i m p e l l e rs  a t  a  m a x -

i m u m  y i e l d  s t re n g t h  o f 6 2 0  M P a  ( 9 0  k s i )  p ro v i d e d  t h e y  h a v e  b e e n  

h e a t - t re a t e d  i n  a c c o rd a n c e  w i t h  t h e  fo l l o w i n g  t h re e - s t e p  p ro c e d u re .

a )  Au s t e n i t i z e  a n d  q u e n c h .

b )  Te m p e r a t  6 2 1  ° C  ( 1  1 5 0  ° F )  m i n i m u m  t e m p e ra t u re ,  b u t  b e -

l o w  t h e  l o w e r c ri t i c a l  t e m p e ra t u re .  C o o l  t o  a m b i e n t  t e m p e ra -

t u re  b e fo re  t h e  s e c o n d  t e m p e r.

c )  Te m p e r a t  6 2 1  ° C  ( 1  1 5 0  ° F )  m i n i m u m ,  b u t  l o w e r t h a n  t h e  

frst	 tempering 	 temperature. 	 Cool 	 to	 ambient	 temperature.

A . 2 . 3 . 3 . 2  S p e c i a l  p ro v i s i o n s  fo r c o m p re s s o rs  a n d  p u m p s

 S o ft  ca rb o n  s te e l  a n d  s o ft,  l o w- c a rb o n  i ro n  a re  a c ce p t a b l e  a s  g a s ke ts .

 C a s t  i ro n s  i n  a c c o rd a n c e  w i t h  A. 2 . 4  a re  a c c e p t a b l e .
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A. 2 . 4  R e q u i re m e n t s  fo r t h e  u s e  o f c a s t  i ro n s

A. 2 . 4 . 1  G e n e ra l

 G re y,  a u s t e n i t i c  a n d  w h i t e  c a s t  i ro n s  s h a l l  n o t  b e  u s e d  fo r p re s s u re - c o n t a i n i n g  p a rt s .  

T h e s e  m a t e ri a l s  m a y  b e  u s e d  fo r i n t e rn a l  c o m p o n e n t s  i f t h e i r u s e  i s  p e rm i t t e d  b y  t h e  

e q u i p m e n t  s t a n d a rd  a n d  h a s  b e e n  a p p ro v e d  b y  t h e  e q u i p m e n t  u s e r.

 F e rri t i c  d u c t i l e  i ro n  i n  a c c o rd a n c e  w i t h  AS T M  A3 9 5  i s  a c c e p t a b l e  fo r e q u i p m e n t  u n -

less	 otherwise	 specifed 	 by	 the	 equipment	 standard.

A. 2 . 4 . 2  P a c k e rs  a n d  s u b s u rfa c e  e q u i p m e n t

 T h e  l i s t e d  c a s t  i ro n s  a re  a c c e p t a b l e  fo r t h e  fo l l o w i n g  a p p l i c a t i o n s .

Ta b l e  A . 5  — C a s t  i ro n s  a c c e p t a b l e  fo r p a c k e rs  a n d  o t h e r s u b s u rfa c e  e q u i p m e n t

C o m p o n e n t C a s t  i ro n

D ri l l a b l e  p a c k e r c o m p o n e n t s D u c t i l e  i ro n  ( A S T M  A 5 3 6 ,  AS T M  A 5 7 1 /A 5 7 1 M )

M a l l e a b l e  i ro n  ( A S T M  A 2 2 0 ,  AS T M  A 6 0 2 )

C o m p re s s i o n  m e m b e rs G re y  i ro n  ( A S T M  A4 8 ,  A S T M  A 2 7 8 )

A2 . 4 . 3  C o m p re s s o rs  a n d  p u m p s

 G re y  c a s t  i ro n  ( AS T M  A2 7 8 ,  C l a s s  3 5  o r 4 0 )  a n d  d u c t i l e  ( n o d u l a r)  c a s t  i ro n  

( A S T M  A 3 9 5 )  a re  a c c e p t a b l e  a s  c o m p re s s o r c y l i n d e rs ,  l i n e rs ,  p i s t o n s  a n d  v a l v e s .

A . 3  S S C - re s i s t a n t  s t e e l s  fo r u s e  t h ro u g h o u t  S S C  re g i o n  2

A . 3 . 1  G e n e ra l

 T h e  s t e e l s  l i s t e d  i n  A. 2  a re  a c c e p t a b l e .

 T h e  p ro p e rt i e s  o f s t e e l s  t y p i c a l  o f t h o s e  t h a t  h a v e  b e e n  s h o w n  t o  m e e t  t h e  re q u i re m e n t s  fo r s o u r 

service	 throughout	 SSC	 region 	 2	 are	 described 	 below. 	 Qualifcation 	 according 	 to	 An n e x  B  s h a l l  b e  

p e rfo rm e d  fo r s t e e l s  t h a t  d o  n o t  c o n fo rm  w i t h  A. 2 .

A . 3 . 2  D o w n h o l e  c a s i n g ,  t u b i n g ,  a n d  t u b u l a r c o m p o n e n t s

 C a s i n g ,  t u b i n g  a n d  t u b u l a r c o m p o n e n t s  m a d e  o f C r- M o  l o w - a l l o y  s t e e l s  ( U N S  G 4 1 X X 0 ,  fo rm e r 

l y  AI S I  41 XX, 	 and 	 modifcations)	 have	 proven	 acceptable	 in 	 the	 quenched	 and 	 tempered	 condition. 	

Ty p i c a l l y,  t h e  a c t u a l  y i e l d  s t re n g t h  o f a c c e p t a b l e  s t e e l s  h a s  b e e n  n o  m o re  t h a n  7 6 0  M P a  ( 1 1 0  k s i )  

[ a n  S M Y S  o f a p p ro x i m a t e l y  5 5 0  M P a  ( 8 0  k s i ) ]  a n d  t h e i r h a rd n e s s  h a s  b e e n  n o  m o re  t h a n  2 7  H R C .  

Other	 requirements	 shal l 	 be	 in 	 accordance	 with 	 the	 applicable	 manufacturing 	 specifcation.

A . 3 . 3  P i p e l i n e  s t e e l s

 P i p e l i n e  s t e e l s  re q u i re  a p p ro p ri a t e  re s t ri c t e d  c h e m i s t ri e s  t o  e n s u re  g o o d  w e l d a b i l i t y.  Ty p i c a l l y,  

SMYSs	 of	 up	 to	 450	 MPa	 (65	 ksi)	 have	 proven	 acceptable. 	 Typical ly, 	 fabrication 	 and 	 feld 	 weld 	

h a rd n e s s  s h o u l d  n o t  e x c e e d  2 8 0  H V.  O t h e r re q u i re m e n t s  s h a l l  b e  i n  a c c o rd a n c e  w i t h  t h e  a p p l i c a -

ble	 manufacturing 	 specifcation.

A . 4  S S C - re s i s t a n t  s t e e l s  fo r u s e  t h ro u g h o u t  S S C  re g i o n  1

A . 4 . 1  G e n e ra l

 S t e e l s  l i s t e d  i n  A. 2  a n d  A. 3  a re  a c c e p t a b l e .
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 T h e  p ro p e rt i e s  o f s t e e l s  t y p i c a l  o f t h o s e  t h a t  h a v e  b e e n  s h o w n  t o  m e e t  t h e  re q u i re m e n t s  fo r s o u r 

service	 throughout	 SSC	 region 	 1 	 are	 described 	 below. 	 Qualifcation 	 according 	 to	 An n e x  B  s h a l l  b e  

p e rfo rm e d  fo r s t e e l s  w h i c h  d o  n o t  c o n fo rm  w i t h  A. 2  o r A. 3 .

A. 4 . 2  D o w n h o l e  c a s i n g ,  t u b i n g ,  a n d  t u b u l a r c o m p o n e n t s

 C a s i n g ,  t u b i n g  a n d  t u b u l a r c o m p o n e n t s  m a d e  o f C r- M o  l o w - a l l o y  s t e e l s  ( U N S  G 4 1 X X 0 ,  fo rm e rl y  

AI S I  41 XX	 and 	 modifcations)	 have	 proven	 acceptable	 in 	 the	 quenched	 and 	 tempered	 condition. 	

Ty p i c a l l y,  t h e  a c t u a l  y i e l d  s t re n g t h  o f a c c e p t a b l e  s t e e l s  h a s  b e e n  n o  m o re  t h a n  8 9 6  M P a  ( 1 3 0  k s i )  

[ a n  S M Y S  o f a p p ro x i m a t e l y  7 6 0  M P a  ( 1 1 0  k s i ) ]  a n d  t h e i r h a rd n e s s  h a s  b e e n  n o  m o re  t h a n  3 0  H R C .  

Other	 requirements	 shal l 	 be	 in 	 accordance	 with 	 the	 applicable	 manufacturing 	 specifcation.

A. 4 . 3  P i p e l i n e  s t e e l s

 P i p e l i n e  s t e e l s  re q u i re  a p p ro p ri a t e  re s t ri c t e d  c h e m i s t ri e s  t o  e n s u re  g o o d  w e l d a b i l i t y.  Ty p i c a l l y,  

SMYSs	 of	 up	 to	 550	 MPa	 (80	 ksi)	 have	 proven	 acceptable. 	 Typical ly, 	 fabrication 	 and 	 feld 	 weld 	

h a rd n e s s  s h o u l d  n o t  e x c e e d  3 0 0  H V.  O t h e r re q u i re m e n t s  s h a l l  b e  i n  a c c o rd a n c e  w i t h  t h e  a p p l i c a -

ble	 manufacturing 	 specifcation.
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A n n e x  B  

( n o rm a t i v e )  

 

Q u a l i f c a t i o n  of c a rb o n  a n d  l o w- a l l o y  s t e e l s  fo r H
2

S  s e rv i c e  b y  l a b o ra t o ry  t e s t i n g

B . 1  R e q u i re m e n t s

 This	 annex	 specifes	 requirements	 for	 qual ifying	 carbon	 and 	 low-al loy	 steels	 for	 H
2

S  s e rv i c e  b y  l a b o ra t o ry  

t e s t i n g .  R e q u i re m e n t s  a re  g i v e n  fo r q u a l i fy i n g  re s i s t a n c e  t o  t h e  fo l l o w i n g  c ra c k i n g  m e c h a n i s m s .

a)	 SSC	 qual ifcation 	 by	 laboratory	 testing 	 shal l 	 require	 one	 or	 more	 of	 the	 following:

—	 SSC	 testing 	 in 	 accordance	 with 	 the	 materials	 manufacturing 	 specifcation; 	 see	 also	 A. 2 . 1 . 1 ;

—	 testing 	 for	 specifc	 sour	 service	 applications	 in 	 accordance	 with 	 B . 3 ;

— t e s t i n g  fo r S S C  re g i o n s  1  o r 2  o f F i g u re  1  i n  a c c o rd a n c e  w i t h  B . 3  a n d  fo o t n o t e  g  o f Ta b l e  B . 1 ;

— t e s t i n g  fo r s o u r s e rv i c e  i n  a l l  S S C  re g i o n s  o f F i g u re  1  i n  a c c o rd a n c e  w i t h  B . 3 .

	 The	 qual ifcation 	 tests	 summarized 	 demonstrate	 varying 	 levels	 of	 resistance	 to	 SSC	 in 	 sour	 environ-

m e n t s .  S o m e  c a rb o n  a n d  l o w - a l l o y  s t e e l s  d e s c ri b e d  o r l i s t e d  i n  A. 2  m i g h t  n o t  p a s s  s o m e  o f t h e  l a b o ra t o -

ry  t e s t  re q u i re m e n t s  l i s t e d  a b o v e  ( s e e  A. 2 . 1 ) .

b)	 SZC	 and 	 SOHIC	 qual ifcation 	 shall 	 require	 testing 	 in 	 accordance	 with 	 B . 4  u s i n g  a p p ro p ri a t e  e n v i ro n m e n -

tal 	 conditions	 from	 those	 specifed 	 for	 SSC	 qual ifcation.

c)	 HIC	 and 	 SWC	 shal l 	 be	 qual ifed 	 as	 follows:

— i n  a n y  s e rv i c e  e n v i ro n m e n t  ( s e e  B . 5  a n d  Ta b l e  B . 3 ) ;

—	 in 	 specifc	 sour	 service	 applications	 (see	 B . 5  a n d  Ta b l e  B . 3 ) .

 I n  a l l  c a s e s ,  t h e  e q u i p m e n t  u s e r s h a l l  e n s u re  t h a t  t h e  t e s t i n g  c h o s e n  i s  a p p ro p ri a t e  t o  t h e  c o n d i t i o n s  o f t h e  

i n t e n d e d  s e rv i c e ( s ) .  T h e  a c c e p t a n c e  o f t h e  t e s t i n g  c h o s e n  s h a l l  b e  d o c u m e n t e d .

B . 2  Uses	 of	 laboratory	 qual ifcations

B . 2 . 1  G e n e ra l

 An	 overview	 of	 the	 alternative	 uses	 of	 laboratory	 qualifcations	 is	 given	 in 	 F i g u re  B . 1 .
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a  This	 document	 addresses	 SSC, 	 HIC, 	 SOHIC	 and 	 SZC	 of	 carbon	 and 	 low-alloy	 steels. 	 ANSI/NACE	 MR01 75/ISO  1 5 1 5 6 - 3  a d d re s s e s  S S C ,  S C C  a n d  g a l v a n i c a l l y  i n d u c e d  

h y d ro g e n  s t re s s  c ra c k i n g  ( G H S C )  o f c o rro s i o n - re s i s t a n t  a l l o y s  ( C R As )  a n d  o t h e r a l l o y s .

b  An n e x  A a d d re s s e s  S S C  o f c a rb o n  a n d  l o w - a l l o y  s t e e l s .  AN S I / N AC E  M R 0 1 7 5 - 2 0 2 1 /I S O  1 5 1 5 6 - 3 : 2 0 2 0 ,  An n e x  A a d d re s s e s  S S C ,  S C C  a n d  G H S C  o f C R As  a n d  o t h e r a l l o y s .

c  S e e  f n a l  p a ra g ra p h s  of “ I n t ro d u c t i o n ”  fo r  fu r t h e r  i nfo r m a t i o n  re g a rd i n g  d o c u m e n t  m a i n te n a n c e .  
 

NOTE	 Flowchart	 omits	 qual ifcation 	 by	 feld 	 experience	 as	 described 	 in 	 ANSI/NACE	 MR01 75/ISO	 1 51 56-1 .

F i g u re  B . 1  — A l t e rn a t i v e s  fo r a l l o y  s e l e c t i o n  a n d  l a b o ra t o ry  q u a l i f c a t i o n

B . 2 . 2  Qualifcation 	 of	 manufactured 	 products

 The	 user	 of	 this	 document	 shal l 	 defne	 the	 qual ifcation 	 requirements	 for	 the	 material 	 in 	 accor-

d a n c e  w i t h  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 1  a n d  t h i s  a n n e x .

 This	 defnition 	 shal l 	 include	 the	 application 	 of	 the	 following:

a )  g e n e ra l  re q u i re m e n t s  ( s e e  AN S I /N AC E  M R 0 1 7 5 - 2 0 2 1 /I S O  1 5 1 5 6 - 1 : 2 0 2 0 ,  C l a u s e  5 ) ;

b)	 evaluation 	 and 	 defnition 	 of	 service	 conditions	 (see	 ANSI/NACE	 MR01 75-2021 /ISO  1 5 1 5 6 -

1 : 2 0 2 0 ,  C l a u s e  6 ) ;
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c )  m a t e ri a l  d e s c ri p t i o n  a n d  d o c u m e n t a t i o n  ( s e e  AN S I /N AC E  M R 0 1 7 5 - 2 0 2 1 /I S O  1 5 1 5 6 -

1 : 2 0 2 0 ,  8 . 1 ) ;

d)	 requirements	 for	 qual ifcation 	 based	 on 	 laboratory	 testing 	 (see	 ANSI/NACE	 MR01 75-2021 /

I S O  1 5 1 5 6 - 1 : 2 0 2 0 ,  8 . 3 ) ;

e)	 report	 of	 the	 method	 of	 qual ifcation 	 (see	 ANSI/NACE	 MR01 75-2021 /ISO  1 5 1 5 6 - 1 : 2 0 2 0 ,  

C l a u s e  9 ) .

 Appropriate	 test	 batches	 and 	 sampling 	 requirements	 shal l 	 be	 defned	 with 	 regard 	 for	 the	 nature	 of	

the	 product, 	 the	 method	 of	 manufacture, 	 testing 	 required 	 by	 the	 manufacturing 	 specifcation 	 and 	

the	 required 	 qual ifcation(s)	 (SSC, 	 SOHIC, 	 SZC, 	 HIC/SWC).

 S a m p l e s  s h a l l  b e  t e s t e d  i n  a c c o rd a n c e  w i t h  An n e x  B 	 for	 each 	 cracking	 mechanism	 being	 qual ifed. 	

A	 minimum	 of	 three	 specimens	 shal l 	 be	 tested 	 per	 test	 batch. 	 The	 test	 batch	 shal l 	 be	 qual ifed 	 if	 al l 	

s p e c i m e n s  s a t i s fy  t h e  t e s t  a c c e p t a n c e  c ri t e ri a .

 R e - t e s t i n g  i s  p e rm i t t e d  a s  fo l l o w s .  I f a  s i n g l e  s p e c i m e n  fa i l s  t o  s a t i s fy  t h e  a c c e p t a n c e  c ri t e ri a ,  t h e  

cause	 shal l 	 be	 investigated. 	 If	 the	 source	 material 	 conforms	 to	 the	 manufacturing 	 specifcation, 	 two	

fu rt h e r s p e c i m e n s  m a y  b e  t e s t e d .  T h e s e  s h a l l  b e  t a k e n  fro m  t h e  s a m e  s o u rc e  a s  t h e  fa i l e d  s p e c -

imen. 	 If	 both 	 satisfy	 the	 acceptance	 criteria, 	 the	 test	 batch	 shal l 	 be	 considered 	 qual ifed. 	 Further	

re t e s t s  s h a l l  re q u i re  t h e  p u rc h a s e r ’ s  a g re e m e n t .

 Te s t i n g  o f m a n u fa c t u re d  p ro d u c t s  m a y  b e  c a rri e d  o u t  a t  a n y  t i m e  a ft e r m a n u fa c t u re  a n d  b e fo re  

e x p o s u re  t o  H
2

S  s e rv i c e .

 B e fo re  t h e  p ro d u c t s  a re  p l a c e d  i n  H
2
S	 service, 	 the	 equipment	 user	 shal l 	 review	 the	 qual ifcation 	

and 	 verify	 that	 i t	 satisfes	 the	 defned	 qual ifcation 	 requirements. 	 Products	 with 	 a	 qual ifcation 	 that	

has	 been	 verifed 	 by	 the	 equipment	 user	 may	 be	 placed	 into	 H
2

S  s e rv i c e .

B . 2 . 3  Qualifcation 	 of	 a 	 manufacturing 	 source	 and 	 route

 A	 defned	 production 	 route	 may	 be	 qual ifed 	 for	 the	 production 	 of	 qual ifed 	 material .

 A	 qualifed 	 production 	 route	 may	 be	 followed 	 to	 avoid 	 order-release	 testing 	 for	 H
2

S - c ra c k i n g  re s i s -

t a n c e .

 A	 materials	 supplier	 may	 propose	 to	 a	 materials	 purchaser	 that	 a	 qual ifed 	 production 	 route	 be	

used 	 to	 produce	 qual ifed 	 materials. 	 The	 qual ifed 	 production 	 route	 may	 be	 used	 if	 the	 materials	

s u p p l i e r a n d  m a t e ri a l s  p u rc h a s e r a g re e  t o  i t s  u s e .

 A	 qualifed 	 production 	 route	 may	 be	 used 	 to	 produce	 qual ifed 	 material 	 for	 more	 than	 one	 materials	

u s e r.

 To	 qual ify	 a	 production 	 route, 	 the	 material 	 supplier	 shal l 	 demonstrate	 that	 a	 defned	 production 	

route	 is	 capable	 of	 consistently	 manufacturing 	 material 	 that	 satisfes	 the	 applicable	 qual ifcation 	

t e s t  re q u i re m e n t s  o f An n e x  B .

 The	 qual ifcation 	 of	 a 	 production 	 route	 requires	 al l 	 of	 the	 following:

a)	 defnition 	 of	 the	 production 	 route	 in 	 a	 written 	 qual ity	 plan 	 that	 identifes	 the	 manufacturing 	

l o c a t i o n ( s ) ,  a l l  m a n u fa c t u ri n g  o p e ra t i o n s  a n d  t h e  m a n u fa c t u ri n g  c o n t ro l s  re q u i re d  t o  m a i n -

tain 	 the	 qual ifcation;

b)	 in itial 	 testing 	 of	 products	 produced	 on 	 the	 defned	 production 	 route	 in 	 accordance	 with 	

B . 2 . 2, 	 with 	 verifcation 	 that	 they	 satisfy	 the	 acceptance	 criteria;
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c)	 Periodic	 testing 	 to	 confrm	 that	 the	 product	 continues	 to	 have	 the	 required 	 resistance	 to	

c ra c k i n g  i n  H
2
S	 service; 	 the	 frequency	 of	 “periodic”	 testing 	 shal l 	 be	 defned	 in 	 the	 qual ity	

p l a n  a n d  s h a l l  b e  a c c e p t a b l e  t o  t h e  p u rc h a s e r;  a  re c o rd  o f s u c h  t e s t s  s h a l l  b e  a v a i l a b l e  t o  

t h e  p u rc h a s e r;

d )  re t a i n i n g  a n d  c o l l a t i n g  t h e  re p o rt s  o f t h e s e  t e s t s  a n d  m a k i n g  t h e m  a v a i l a b l e  t o  m a t e ri a l  

p u rc h a s e rs  a n d /o r e q u i p m e n t  u s e rs .

 A m a t e ri a l  p u rc h a s e r m a y  a g re e  a d d i t i o n a l  q u a l i t y  c o n t ro l  re q u i re m e n t s  w i t h  t h e  m a n u fa c t u re r.

 The	 accuracy	 of	 the	 quality	 plan 	 may	 be	 verifed 	 by	 site	 inspection 	 by	 an 	 interested 	 party.

B . 2 . 4  U s e  o f l a b o ra t o ry  t e s t i n g  a s  a  b a s i s  fo r p ro p o s i n g  a d d i t i o n s  a n d  c h a n g e s  t o  An n e x  A

 P ro p o s a l s  fo r a d d i t i o n s  a n d  c h a n g e s  s h a l l  b e  d o c u m e n t e d  i n  a c c o rd a n c e  w i t h  AN S I /N AC E  

M R 0 1 7 5 / I S O  1 5 1 5 6 - 1 .  

1 .  T h e y  s h a l l  a l s o  b e  s u b j e c t  t o  t h e  fo l l o w i n g  a d d i t i o n a l  c o n d i t i o n s  a n d  re q u i re m e n t s .

— L a b o ra t o ry  t e s t i n g  fo r t h e  e v a l u a t i o n  o f c a rb o n  a n d  l o w - a l l o y  s t e e l s  fo r a d d i t i o n  t o  

A n n e x  A i s  fo r u s e  w i t h  s t e e l s  t h a t  d o  n o t  c o n fo rm  w i t h  t h e  g e n e ra l  re q u i re m e n t s  

d e s c ri b e d  i n  A. 2 . 1 .

— Ad d i t i o n  o f a  c a rb o n  o r l o w - a l l o y  s t e e l  t o  A. 2  re q u i re s  t h e  t e s t i n g  d e s c ri b e d  i n  Ta -

b l e  B . 1  fo r a l l  S S C  re g i o n s  o f F i g u re  1  ( s e e  7 . 2 ) .

— Ad d i t i o n  o f a  c a rb o n  o r l o w - a l l o y  s t e e l  t o  A. 3  o r A. 4  re q u i re s  t h e  t e s t i n g  d e s c ri b e d  i n  

Ta b l e  B . 1  fo r t h e  a p p ro p ri a t e  S S C  re g i o n  o f F i g u re  1  ( s e e  7 . 2 ) .

—	 The	 steel 	 being 	 qual ifed 	 by	 laboratory	 testing 	 shal l 	 be	 selected 	 in 	 accordance	 with 	

A N S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 1 .

— M a t e ri a l  re p re s e n t i n g  a  m i n i m u m  o f t h re e  s e p a ra t e l y  p ro c e s s e d  h e a t s  s h a l l  b e  t e s t e d  

fo r S S C  re s i s t a n c e  i n  a c c o rd a n c e  w i t h  B . 3 .

—	 Suffcient	 data	 shal l 	 be	 provided 	 to	 al low	 the	 members	 of	 ISO/TC	 67	 to	 assess	 the	

m a t e ri a l  a n d  d e c i d e  o n  t h e  s u i t a b i l i t y  o f t h e  m a t e ri a l  fo r i n c l u s i o n  i n t o  t h i s  d o c u m e n t ,  

b y  a m e n d m e n t  o r re v i s i o n ,  i n  a c c o rd a n c e  w i t h  t h e  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6  

s e ri e s  m a i n t e n a n c e  p ro c e s s  a s  d e s c ri b e d  i n  t h e  i n t ro d u c t i o n .

B . 3  Te s t  p ro c e d u re s  t o  e v a l u a t e  t h e  re s i s t a n c e  o f c a rb o n  a n d  l o w - a l l o y  s t e e l s  t o  S S C

 Qualifcation 	 shal l 	 be	 in 	 accordance	 with 	 B . 1  a n d ,  a s  a p p ro p ri a t e ,  Ta b l e  B . 1 .

 U n l e s s  o t h e rw i s e  i n d i c a t e d ,  t e s t  re q u i re m e n t s  s h a l l  b e  i n  a c c o rd a n c e  w i t h  N AC E  T M 0 1 7 7 .

 G e n e ra l l y,  t e s t i n g  i s  p e rfo rm e d  a t  a m b i e n t  t e m p e ra t u re  [ 2 4  ° C  ±  3  ° C  ( 7 5  ° F  ±  5  ° F ) ] .  F o r t e s t i n g  a t  e l e v a t e d  

t e m p e ra t u re s ,  re fe re n c e  m a y  b e  m a d e  t o  t h e  g u i d a n c e  o n  t e s t  e n v i ro n m e n t s  g i v e n  i n  AN S I /N AC E  M R 0 1 7 5 -

2 0 2 1 /I S O  1 5 1 5 6 - 3 : 2 0 2 0 ,  An n e x  B .

 For	 materials	 testing 	 to	 a	 materials	 manufacturing 	 specifcation, 	 reference	 should 	 be	 made	 to	 the	 appropriate	

specifcation, 	 and 	 to	 A. 1  a n d  B . 1 .
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Ta b l e  B . 1  — S S C  l a b o ra t o ry  t e s t i n g  fo r s o u r s e rv i c e

Qualifcation  

v a l i d i t y f

Te s t  

t y p e a , b , i

A p p l i e d  

s t re s s c , d E n v i ro n m e n t
H

2
S  p a rt i a l  

p re s s u re

A c c e p t a n c e  

c ri t e ri a
R e m a rk s

Specifc	  

a p p l i c a t i o n ,  

 o r  

S S C  re g i o n  1  

o r re g i o n  2  o f 

F i g u re  1

F P B j ≥90	 %	 AYS

5  %  m a s s  fra c t i o n  

N a C l  +  0 . 4  %  

m a s s  fra c t i o n  

C H
3

C O O N a ,   

p H  a d j u s t e d  t o  

re q u i re d  v a l u e  

u s i n g  H C l  o r 

N a O H e

A p p ro p ri a t e  

t o  i n t e n d e d  

a p p l i c a t i o n  o r 

S S C  re g i o n

N o  S S C  c ra c k s  i n  

a c c o rd a n c e  w i t h  

N A C E  T M 0 3 1 6  

a s s e s s m e n t  m e t h o d

Specifc	 application 	  

o r l e s s  s e v e re   

e n v i ro n m e n t s .

Region	 qual ifcation 	

s u b j e c t  t o  a d e q u a t e  

“ c o v e ra g e ” g
U T  o r 

C R
≥90	 %	 AYS

N o  S S C  c ra c k s  i n   

a c c o rd a n c e  w i t h   

N A C E  T M 0 1 7 7   

a s s e s s m e n t  m e t h o d

D C B h N o t   

a p p l i c a b l e

A s s e s s m e n t  

s h a l l  b e  i n  

a c c o rd a n c e  w i t h  

N AC E  T M 0 1 7 7 .  

A c c e p t a n c e  

c ri t e ri a  s h a l l  b e  

b y  d o c u m e n t e d  

a g re e m e n t k

Use	 as	 qualifcation	

a t  e q u i p m e n t  u s e r ’ s  

d i s c re t i o n  a n d  w i t h  

d o c u m e n t e d   

justifcation

A l l  S S C  

re g i o n s  o f 

F i g u re  1

F P B j ≥80	 %	 AYS

N A C E  T M 0 1 7 7  

E n v i ro n m e n t  A 

( 5  %  m a s s  

fra c t i o n  N a C l  +  

0 . 5  %  m a s s  

fra c t i o n  

C H
3

C O O H )

1 0 0  k P a  

( 1 5  p s i )  i n  

a c c o rd a n c e  

w i t h  

N A C E  T M 0 1 7 7

N o  S S C  c ra c k s  i n  

a c c o rd a n c e  w i t h  

N A C E  T M 0 3 1 6  

a s s e s s m e n t  m e t h o d
—

U T  o r 

C R
≥80	 %	 AYS

N o  S S C  c ra c k s  i n   

a c c o rd a n c e  w i t h   

N A C E  T M 0 1 7 7   

a s s e s s m e n t  m e t h o d

D C B h N o t   

a p p l i c a b l e

A s s e s s m e n t  

s h a l l  b e  i n  

a c c o rd a n c e  w i t h  

N AC E  T M 0 1 7 7 .   

Ac c e p t a n c e  c ri t e ri a   

s h a l l  b e  b y  

d o c u m e n t e d   

a g re e m e n t k

Use	 as	 qualifcation	

a t  e q u i p m e n t  u s e r ’ s  

d i s c re t i o n  a n d  w i t h  

d o c u m e n t e d   

justifcation

a  T h e  te s t  t y p e s  a re  a s  fo l l o w s :

 —   U T  te s t  i n  a c c o rd a n c e  w i t h  N AC E   T M 0 1 7 7 ,  M e t h o d   A ;

     —   F P B  te s t  i n  a c c o rd a n c e  w i t h  N AC E  T M 0 3 1 6 ;

       —   C R  te s t  i n  a c c o rd a n c e  w i t h  N AC E   T M 0 1 7 7 ,  M e t h o d   C ;

       —   D C B  te s t  i n  a c c o rd a n c e  w i t h  N AC E   T M 0 1 7 7 ,  M e t h o d   D ;

       —   O t h e r  te s t  s p e c i m e n s ,  i n c l u d i n g  fu l l - s i ze  c o m p o n e n t s ,  m a y  b e  u s e d  w h e n  a p p ro p r i a te .  

        T h e i r  u s e  s h a l l  b e  b y  a g re e m e n t  b e t we e n  t h e  p u rc h a s e r  a n d  t h e  s u p p l i e r.

b        F P B ,  C R  o r  U T  te s t s  a re  p refe r re d  fo r  t h e  q u a l i f c a t i o n  of we l d i n g  a n d  j o i n i n g  p ro c e d u re s ;  s e e  7 . 3  a n d  7 . 4 .  F o r  we l d e d  s a m p l e s ,  s p e c i m e n s  s h a l l  n o r m a l l y  b e  t a ke n  

t ra n s ve rs e  to  we l d s ;  te s t i n g  s h a l l  b e  b a s e d  o n  t h e  a c t u a l  y i e l d  s t re n g t h  of t h e  l o we s t  y i e l d  s t re n g t h  p a re n t  m e t a l ;  s i d e  4 - p o i n t  b e n d  te s t i n g  m a y  b e  u s e d ,  s u b j e c t  to  t h e  

a g re e m e n t  of t h e  e q u i p m e n t  u s e r.  F o r  d e t a i l s  of s i d e  b e n d  te s t s ,  s e e  R efe re n c e  [ 2 7 ] .

c        F o r  a p p l i c a t i o n s  w h e re  a  l o w  s e r v i c e  s t re s s  l e ve l ,  a s  a  p ro p o r t i o n  of y i e l d  s t re n g t h ,  i s  g u a ra n te e d ,  t h e  te s t  s t re s s  m a y  b e  re d u c e d  to  t h e  m a x i m u m  s e r v i c e  s t re s s .  I n  

s u c h  c a s e s ,  t h e  te s t s  a n d  a c c e p t a n c e  c r i te r i a  s h a l l  b e  a g re e d  w i t h  t h e  e q u i p m e n t  u s e r.  S u c h  a g re e m e n t s  s h a l l  b e  d o c u m e n te d .

d        AY S  i n d i c a te s  t h e  a c t u a l  y i e l d  s t re n g t h  of m a te r i a l  i n  f n i s h e d  fo r m  a t  t h e  te s t  te m p e ra t u re .  T h e  AY S  s h a l l  b e  a s  d e f n e d  i n  t h e  p ro d u c t  s p e c i f c a t i o n  o r  t h e  0 . 2   %  p ro of 

s t re s s  (R
p 0 . 2

)  d e te r m i n e d  a s  t h e  “ n o n - p ro p o r t i o n a l  e l o n g a t i o n ”  i n  a c c o rd a n c e  w i t h  I S O   6 8 9 2 - 1 .

e        F o r  S S C  te s t s  w i t h  p H  c o n t ro l ,  t h e  p H  va l u e  d u r i n g  te s t s  s h o u l d  b e  l e s s  t h a n  o r  e q u a l  to  t h e  re q u i re d  va l u e .  C o n t ro l  to  w i t h i n  a  ra n g e  of 0 . 1   p H  u n i t s  i s  a c h i e va b l e  i n  

p ra c t i c e .

f       S e e  A N S I / N AC E  M R 0 1 7 5 - 2 0 2 1 / I S O   1 5 1 5 6 - 1 : 2 0 2 0 ,  C l a u s e   5 ,  fo r  m o re  i nfo r m a t i o n  re g a rd i n g  d e s i g n s  u t i l i z i n g  p l a s t i c  d e s i g n  c r i te r i a .

g        Te s t i n g  u n d e r  t h e  c o n d i t i o n s  l i s te d  i n  Ta b l e   B . 2  p ro v i d e s  q u a l i f c a t i o n  fo r  u s e  t h ro u g h o u t  a  re g i o n .

h        F o r  s p e c i a l  c a s e s ,  i n c l u d i n g  c o m p o n e n t s  of h e a v y  s e c t i o n  o r  of c o m p l e x  s h a p e ,  D C B  te s t s  m a y  b e  u s e d  to  s u p p o r t  d e s i g n s  b a s e d  o n  fra c t u re  m e c h a n i c s .

i        Te s t  t y p e s  a re  n o t  n e c e s s a r i l y  e q u i va l e n t  a n d  re s u l t s  m i g h t  n o t  b e  d i re c t l y  c o m p a ra b l e .

j  W h e n  S O H I C  a n d /o r  S Z C  e va l u a t i o n  of a  te s t  s p e c i m e n  a re  c a r r i e d  o u t ,  s e e  7 . 2 . 2 ,  t h e  re q u i re m e n t s  of t h i s  t a b l e  a n d  of B . 4  s h a l l  b e  m e t .

k S e e  I S O   1 1 9 6 0  fo r  i nfo r m a t i o n  o n  t u b i n g  a n d  c a s i n g  g ra d e s  C 9 0  a n d  T 9 5 .
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Ta b l e  B . 2  — Te s t  c o n d i t i o n s

p H

R e q u i re d  H
2

S  p a rt i a l  p re s s u re s  fo r t e s t s  

k P a

S e t  o f c o n d i t i o n s  fo r 

S S C  re g i o n  1

S e t  o f c o n d i t i o n s  fo r 

S S C  re g i o n  2

3 . 5 — 1

4 . 0 0 . 3 —

4 . 5 1 1 0

5 . 5 1 0 1 0 0

6 . 5 1 0 0 —

B . 4  Test	 procedures	 to	 evaluate	 the	 resistance	 of	 carbon	 and 	 low-al loy	 steels	 to	 SOHIC	 and 	 SZC

B . 4 . 1  G e n e ra l

 T h e  t e s t  m e t h o d s  d e s c ri b e d  i n  t h i s  a n n e x  h a v e  b e e n  u s e d  s u c c e s s fu l l y  t o  d e m o n s t ra t e  s e n s i t i v i t y  

to	 SOHIC	 or	 SZC.

 Materials	 shal l 	 have	 been	 qual ifed 	 with 	 respect	 to	 SSC	 resistance	 for	 the	 design 	 conditions	 prior	

to	 SOHIC/SZC	 evaluation.

 W h e n  e v a l u a t i n g  w e l d s ,  7 . 3 . 3  s h a l l  a l s o  a p p l y.

 The	 val idity	 of	 the	 test	 results	 for	 conditions	 other	 than	 those	 evaluated 	 is	 defned	 in 	 ANSI/NACE	

M R 0 1 7 5 /I S O  1 5 1 5 6 - 1 .

 Test	 methods	 described 	 for	 SOHIC	 and 	 SZC	 are	 not	 standardized. 	 Alternative	 tests	 are	 under	

development. 	 The	 equipment	 user	 may	 choose	 other	 tests	 at	 h is	 discretion. 	 The	 justifcation 	 of	 the	

u s e  o f s u c h  t e s t s  s h a l l  b e  d o c u m e n t e d .

B . 4 . 2  S m a l l - s c a l e  t e s t s

B . 4 . 2 . 1  S p e c i m e n  s e l e c t i o n

 The	 test	 samples	 used 	 to	 determine	 susceptibi l ity	 to	 SOHIC/SZC	 shal l 	 be	 the	 ap-

parently	 unfailed 	 UT	 or	 FPB	 test	 specimens	 taken	 from	 successful 	 SSC	 qual ifcation 	

t e s t i n g .  S t e e l s  s e l e c t e d  u s i n g  A. 2  s h a l l  a l s o  u n d e rg o  S S C  t e s t i n g  a c c o rd i n g  t o  B . 1  

prior	 to	 the	 SOHIC/SZC	 evaluation.

 F o r s m a l l - s c a l e  t e s t i n g  o f w e l d s ,  s p e c i m e n s  s h a l l  b e  t a k e n  t ra n s v e rs e  t o  t h e  w e l d .

B . 4 . 2 . 2  E v a l u a t i o n  a n d  a c c e p t a n c e  c ri t e ri a  fo r U T  t e s t  s p e c i m e n s

 O n e  o f t h e  fo l l o w i n g  e v a l u a t i o n s  a n d  a c c e p t a n c e  c ri t e ri a  fo r U T  t e s t  s p e c i m e n s  s h a l l  

a p p l y.

a )  H e a t  t h e  s p e c i m e n s  t o  1 5 0  ° C  a n d  h o l d  a t  t h a t  t e m p e ra t u re  fo r 2  h  t o  

re m o v e  a b s o rb e d  h y d ro g e n .  M e a s u re  t h e  t e n s i l e  s t re n g t h  o f t h e  s p e c i m e n .  

T h e  t e n s i l e  s t re n g t h  s h a l l  b e  n o t  l e s s  t h a n  8 0  %  o f t h e  a c t u a l  t e n s i l e  s t re n g t h  

o f t h e  m a t e ri a l  a s  d e t e rm i n e d  o n  i d e n t i c a l ,  p re v i o u s l y  u n u s e d ,  s p e c i m e n s .

b )  M a k e  a t  l e a s t  t w o  m e t a l l o g ra p h i c  s e c t i o n s  p a ra l l e l  t o  t h e  s a m p l e  a x i s .  

E x a m i n e  t h e  s e c t i o n s  fo r p o s s i b l e  l a d d e r- l i k e  H I C  fe a t u re s  a n d  o t h e r c ra c k s  

related 	 to	 SOHIC	 or	 to	 the	 soft	 zones	 of	 a 	 weld 	 (SZC). 	 No	 ladder-l ike	 HIC	
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i n d i c a t i o n s  n o r c ra c k s  e x c e e d i n g  a  l e n g t h  o f 0 . 5  m m  i n  t h e  t h ro u g h  t h i c k n e s s  

d i re c t i o n  a re  a l l o w e d .

B . 4 . 2 . 3  E v a l u a t i o n  a n d  a c c e p t a n c e  c ri t e ri a  fo r F P B  t e s t  s p e c i m e n s

 A w e t - m a g n e t i c - p a rt i c l e  e x a m i n a t i o n  s h a l l  b e  c a rri e d  o u t  o n  t h e  s i d e  o f t h e  s a m p l e  

t h a t  w a s  u n d e r t e n s i l e  s t re s s  d u ri n g  H
2

S  e x p o s u re .

 B e l o w  a n y  m a g n e t i c  p a rt i c l e  i n d i c a t i o n s  ru n n i n g  p e rp e n d i c u l a r t o  t h e  s t re s s  a x i s ,  

m e t a l l o g ra p h i c  s e c t i o n i n g  s h a l l  b e  m a d e  p e rp e n d i c u l a r t o  t h e  i n d i c a t i o n s  o r,  i n  t h e  

a b s e n c e  o f m a g n e t i c  p a rt i c l e  i n d i c a t i o n s ,  a t  l e a s t  t w o  m e t a l l o g ra p h i c  s e c t i o n s  s h a l l  

b e  m a d e  p a ra l l e l  t o  t h e  s t re s s  a x i s  o f t h e  s p e c i m e n .

 S e c t i o n s  p ro d u c e d  i n  t h e s e  w a y s  s h a l l  b e  e x a m i n e d  fo r p o s s i b l e  l a d d e r- l i k e  H I C  

features	 and 	 other	 cracks	 related 	 to	 SOHIC	 or	 to	 the	 soft	 zones	 of	 a 	 weld 	 (SZC). 	

N o  l a d d e r- l i k e  H I C  fe a t u re s  n o r c ra c k s  e x c e e d i n g  a  l e n g t h  o f 0 . 5  m m  i n  t h e  t h ro u g h  

t h i c k n e s s  d i re c t i o n  a re  a l l o w e d .

 To  a s s i s t  t h e  d e t e c t i o n  o f d a m a g e ,  s p e c i m e n s  m a y  b e  p l a s t i c a l l y  d e fo rm e d  b y  5  %  i n  

t h e  p re v i o u s  b e n d i n g  d i re c t i o n  p ri o r t o  m e t a l l o g ra p h i c  s e c t i o n i n g .  P ri o r t o  d e fo rm a -

t i o n ,  t h e  s p e c i m e n s  s h a l l  b e  h e a t e d  t o  1 5 0  ° C  a n d  m a i n t a i n e d  a t  t h a t  t e m p e ra t u re  fo r 

2  h  t o  re m o v e  a b s o rb e d  h y d ro g e n .

 D a m a g e  d e v e l o p e d  o n  t h e  t e n s i l e  s i d e  o f a  s p e c i m e n  i n  t h e  fo rm  o f b l i s t e rs  l e s s  

t h a n  1  m m  b e l o w  t h e  s u rfa c e ,  o r o n  t h e  c o m p re s s i o n  s i d e  re g a rd l e s s  o f t h e  d e p t h  

of	 the	 bl ister, 	 may	 be	 disregarded	 for	 the	 assessment	 of	 SOHIC/SZC	 but	 shal l 	 be	

re p o rt e d .

B . 4 . 3  F u l l  p i p e  ri n g  t e s t s

 F u l l  p i p e  ri n g  t e s t s  m a y  b e  u s e d .  B S  8 7 0 1  d e s c ri b e s  a  t e s t  a n d  a c c e p t a n c e  c ri t e ri a .

N O T E  R e s i d u a l  s t re s s  h a s  b e e n  s h o w n  t o  p l a y  a n  i m p o rt a n t  ro l e  i n  t h e  i n i t i a t i o n  o f S O H I C  

and	 SZC. 	 I t	 is	 sometimes	 considered 	 that	 such	 stresses	 in 	 feld 	 situations	 are	 better	

re p re s e n t e d  i n  l a rg e - s c a l e  s p e c i m e n s .

B . 5  Te s t  p ro c e d u re s  a n d  a c c e p t a n c e  c ri t e ri a  t o  e v a l u a t e  t h e  re s i s t a n c e  o f c a rb o n  a n d  l o w - a l l o y  s t e e l s  t o  H I C /S W C

 Te s t  p ro c e d u re s  a n d  a c c e p t a n c e  c ri t e ri a  s h a l l  b e  i n  a c c o rd a n c e  w i t h  Ta b l e  B . 3 .

 U n l e s s  o t h e rw i s e  i n d i c a t e d ,  t e s t  re q u i re m e n t s  s h a l l  b e  i n  a c c o rd a n c e  w i t h  N AC E  T M 0 2 8 4 .
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Ta b l e  B . 3  — H I C / S W C  t e s t  p ro c e d u re  a n d  a c c e p t a n c e  c ri t e ri a

P ro d u c t  

t y p e

A p p l i e d  

s t re s s
E n v i ro n m e n t

H
2

S  p a rt i a l  

p re s s u re

A c c e p t a n c e  

c ri t e ri a e , g

Qualifcation  

v a l i d i t y f

F l a t - ro l l e d  

s t e e l s  o r t h e i r  

p ro d u c t s a , b

N o  a p p l i e d  

s t re s s

N AC E  T M 0 2 8 4  Te s t  

S o l u t i o n  A c

I n  a c c o rd a n c e  w i t h  

N AC E  T M 0 2 8 4  

fo r Te s t  S o l u t i o n  A 

t e s t i n g ,  i . e . ,  1 0 0  k P a  

( 1 5  p s i ) c

Av e ra g e  v a l u e s  

o f t h e  3  s e c t i o n s  

o f e a c h  i n d i v i d u a l  

s p e c i m e n  

CLR	 ≤	 1 5	 %  

CTR	 ≤	 5	 %  

CSR	 ≤	 2	 %

A n y  s o u r s e rv i c e

N AC E  T M 0 2 8 4  Te s t  

S o l u t i o n  C ,   

p H  a d j u s t e d  t o  

re q u i re d  v a l u e  

u s i n g  H C l  o r N a O H d

A p p ro p ri a t e  t o  

i n t e n d e d   

a p p l i c a t i o n d

Av e ra g e  v a l u e s  

o f t h e  3  s e c t i o n s  

o f e a c h  i n d i v i d u a l  

s p e c i m e n  

CLR	 ≤	 1 5	 %  

CTR	 ≤	 5	 %  

CSR	 ≤	 2	 %

Specifc, 	 or	 less  

s e v e re  d u t y

a  Q u a l ifi c a t i o n  of s e a m l e s s  t u b u l a r  p ro d u c t s  m a y  a l s o  b e  a p p ro p r i a te ;  s e e  C l a u s e  8 .

b        T h e  s a m p l e s  b e i n g  t a ke n  to  re p re s e n t  t h e  g e n e ra l  p e rfo r m a n c e  of a n  o rd e r  s h o u l d  b e  a g re e d  b e t we e n  t h e  p ro d u c e r  a n d  t h e  e q u i p m e n t  u s e r.  T h e  s a m p l i n g  of m a te r i a l s  

fo r  te s t i n g  s h a l l  c o nfo r m  w i t h  A N S I / N AC E  M R 0 1 7 5 / I S O   1 5 1 5 6 - 1 .

c        T h e  u s e r  i s  re s p o n s i b l e  fo r  d e c i d i n g  w h e t h e r  t h i s  te s t  e n v i ro n m e n t  i s  a d e q u a te  to  re p re s e n t  t h e  s e ve r i t y  of t h e  i n te n d e d  a p p l i c a t i o n .

d        A p p l i c a t i o n - s p e c ifi c  te s t s  of s te e l  fo r  n e w o r  e x i s t i n g  i n s t a l l a t i o n s  m a y  b e  c a r r i e d  o u t .  I n  s u c h  c a s e s ,  t h e  te s t  d u ra t i o n  s h a l l  b e  i n  a c c o rd a n c e  w i t h  N AC E   T M 0 2 8 4 ,  

d e p e n d e n t  o n  t h e  p a r t i a l  p re s s u re  of H
2

S  i n  t h e  te s t  g a s .

e        At  t h e  re q u e s t  of t h e  e q u i p m e n t  u s e r,  u l t ra s o n i c  e va l u a t i o n  of c o u p o n s  m a y  b e  u s e d  to  fi n d  a n d  e va l u a te  a re a s  of c ra c ki n g  p r i o r  to  t h e  s e l e c t i o n  of l o c a t i o n s  fo r  

m e t a l l u rg i c a l  s e c t i o n i n g .  S e e  a l s o  E F C  P u b l i c a t i o n   1 6  a n d  N AC E   T M 0 2 8 4 .

f       S e e  A N S I / N AC E  M R 0 1 7 5 - 2 0 2 1 / I S O   1 5 1 5 6 - 1 : 2 0 2 0 ,  C l a u s e  5 ,  fo r  fu r t h e r  i nfo r m a t i o n  re g a rd i n g  d e s i g n s  u t i l i z i n g  p l a s t i c  d e s i g n  c r i te r i a .

g        O t h e r  a c c e p t a n c e  c r i te r i a  m a y  b e  u s e d  s u b j e c t  to  t h e  d o c u m e n te d  a p p ro va l  of t h e  e q u i p m e n t  u s e r.
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A n n e x  C

( i n fo rm a t i v e )  

 

D e t e rm i n a t i o n  o f H
2

S  p a rt i a l  p re s s u re  a n d  u s e  o f a l t e rn a t i v e  p a ra m e t e rs

C . 1  C a l c u l a t i o n  o f p a rt i a l  p re s s u re  o f H
2

S  fo r s y s t e m s  w i t h  a  g a s  p h a s e

C . 1 . 1  G e n e ra l

 T h e  p a rt i a l  p re s s u re  o f H
2
S, 	 ρH 2 S ,  e x p re s s e d  i n  m e g a p a s c a l s  ( p o u n d s  p e r s q u a re  i n c h ) ,  m a y  b e  

c a l c u l a t e d  b y  m u l t i p l y i n g  t h e  s y s t e m  t o t a l  p re s s u re  b y  t h e  m o l e  fra c t i o n  o f H
2

S  i n  t h e  g a s  p h a s e  a s  

g i v e n  i n  F o rm u l a  ( C . 1 ) :

 
ρH

2
S

xH
2

S

=  ρ  ×  
1 0 0

 ( C . 1 )

w h e re

ρ	 is	 the	 system	 total 	 absolute	 pressure, 	 expressed	 in 	 megapascals	 (pounds	 per	 square	 inch);

XH 2 S   i s  t h e  m o l e  fra c t i o n  o f H
2

S  i n  t h e  g a s ,  e x p re s s e d  a s  a  p e rc e n t a g e .  

 F o r e x a m p l e ,  i n  a  7 0  M P a  ( 1 0  1 5 3  p s i )  g a s  s y s t e m ,  w h e re  t h e  m o l e  fra c t i o n  o f H
2

S  i n  t h e  g a s  i s  

1 0  % ,  t h e  H
2

S  p a rt i a l  p re s s u re  i s  7  M P a  ( 1  0 1 5  p s i ) .

 I f t h e  s y s t e m  t o t a l  p re s s u re  a n d  c o n c e n t ra t i o n  o f H
2

S  a re  k n o w n ,  H
2

S  p a rt i a l  p re s s u re s  c a n  a l s o  b e  

e s t i m a t e d  u s i n g  F i g u re  C . 1 .

C . 1 . 2  G a s  p h a s e  c o n s i d e ra t i o n s ,  H
2

S  p a rt i a l  p re s s u re  a n d  fu g a c i t y

 T h e  p a rt i a l  p re s s u re  c o n c e p t ,  b a s e d  o n  t h e  i d e a l  g a s  l a w,  p ro v i d e s  a n  a c c u ra t e  re p re s e n t a t i o n  o f 

t h e rm o d y n a m i c  a c t i v i t y  o f g a s  s p e c i e s  l i k e  C O
2

 a n d  H
2

S  a t  n e a r a t m o s p h e ri c  t o t a l  p re s s u re s .  A t  

h i g h e r p re s s u re s ,  t h e  t ru e  t h e rm o d y n a m i c  a c t i v i t y  ( c h e m i c a l  p o t e n t i a l ) ,  e x p re s s e d  a s  g a s  p h a s e  

fu g a c i t y,  d ro p s  b e l o w  t h e  p a rt i a l  p re s s u re .  T h e re fo re ,  t h e  p a rt i a l  p re s s u re  c o n c e p t  i n t ro d u c e s  

a n  e x c e s s  i n  s e v e ri t y  t h a t  i n c re a s e s  w i t h  t o t a l  p re s s u re .  ( G e n e ra l l y,  t h i s  e x c e s s  d e c re a s e s  w i t h  

i n c re a s i n g  t e m p e ra t u re . )  H e n c e ,  a s s e s s m e n t s  o f s y s t e m s  w i t h  a  g a s  p h a s e ,  b a s e d  o n  p a rt i a l  

pressure, 	 imply	 an 	 environmental 	 severity	 that	 equals	 or	 exceeds	 that	 of	 the	 corresponding	 feld 	

s e rv i c e  c o n s i d e re d  a n d  a re  t h e re fo re  a n  a c c e p t a b l e  a p p ro a c h  fo r a n y  t o t a l  p re s s u re ,  i n  l i n e  w i t h  

h i s t o ri c a l  p ra c t i c e  fo r e v a l u a t i o n  o f t h e  s e v e ri t y  o f a  s o u r e n v i ro n m e n t .

 E q u i p m e n t  u s e rs  m a y  e m p l o y  H
2

S  fu g a c i t y  ra t h e r t h a n  p a rt i a l  p re s s u re  t o  c h a ra c t e ri z e  t h e  e n v i -

ronmental 	 severity	 of	 the	 production 	 environment	 and 	 to	 defne	 the	 test	 environment	 representing 	

feld 	 service, 	 thereby	 reducing	 excess	 severity	 introduced	 by	 the	 partial 	 pressure	 concept. 	 The	

d e g re e  t o  w h i c h  t h i s  e x c e s s  w o u l d  b e  re d u c e d  b y  c o n s i d e ri n g  g a s  p h a s e  fu g a c i t y  d e p e n d s  o n  t o t a l  

p re s s u re ,  t e m p e ra t u re  a n d  c o m p o s i t i o n  o f t h e  h y d ro c a rb o n - w a t e r s y s t e m .

N O T E  S y s t e m s  w i t h  a n  e x t re m e  t o t a l  p re s s u re ,  t y p i c a l l y  a b o v e  1  5 0 0  b a r ( 2 1  7 5 6  p s i ) ,  

would 	 be	 characterized 	 as	 a	 dense	 fuid 	 rather	 than	 gas	 or	 l iquid 	 and 	 are	 preferably	

e v a l u a t e d  b a s e d  o n  fu g a c i t y.

 Fugacity	 models	 used 	 in 	 these	 calculations	 need 	 to	 be	 val idated 	 to	 ensure	 they	 adequately	 refect	

t h e  s e v e ri t y  o f t h e  p ro d u c t i o n  e n v i ro n m e n t  a n d  t h a t  a l l  t h e  t e s t  c o n d i t i o n s  a p p l i e d  a re  a t  l e a s t  a s  

severe, 	 with 	 respect	 to	 the	 potential 	 mode	 of	 failure, 	 as	 those	 defned	 to	 occur	 in 	 the	 feld 	 service	

( s e e  A N S I /N AC E  M R 0 1 7 5 - 2 0 2 1 /I S O  1 5 1 5 6 - 1 : 2 0 2 0  8 . 3 . 4 ) .  T h i s  g e n e ra l l y  i n c l u d e s  t h e rm o d y n a m i c  

analysis	 of	 both 	 production 	 and 	 test	 environments	 and 	 verifcation 	 of	 the	 thermodynamic	 model 	

under	 these	 conditions, 	 along	 with 	 confrmation 	 by	 physical ly	 testing.

C . 1 . 3   A q u e o u s  p h a s e  c o n s i d e ra t i o n s ,  H
2

S  c o n c e n t ra t i o n  a n d  c h e m i c a l  a c t i v i t y
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 S i n c e  c o rro s i o n  c ra c k i n g  o c c u rs  i n  t h e  a q u e o u s  p h a s e ,  i t  i s  a c c e p t a b l e  t o  a s s e s s  t h e  l i k e l i h o o d  

o f c ra c k i n g  o n  t h e  b a s i s  o f H
2

S  d i s s o l v e d  i n  t h e  a q u e o u s  p h a s e  i n s t e a d  o f H
2

S  p a rt i a l  p re s s u re  i n  

t h e  g a s  p h a s e .  At  n e a r a t m o s p h e ri c  p re s s u re ,  a s s e s s m e n t s  b a s e d  o n  g a s  p h a s e  p a rt i a l  p re s s u re ,  

g a s  p h a s e  fu g a c i t y,  a q u e o u s  c o n c e n t ra t i o n  o r a q u e o u s  p h a s e  c h e m i c a l  a c t i v i t y  a re  a l l  e q u i v a l e n t .  

H o w e v e r,  a t  h i g h e r p re s s u re ,  t h e rm o d y n a m i c  a c t i v i t y,  b e  i t  fu g a c i t y  i n  t h e  g a s  p h a s e  a s  d i s c u s s e d  

a b o v e  o r c h e m i c a l  a c t i v i t y  i n  t h e  a q u e o u s  p h a s e ,  d e v i a t e s  fro m  s t ri c t l y  i d e a l  p a rt i a l  p re s s u re  a n d  

a q u e o u s  c o n c e n t ra t i o n ,  re s p e c t i v e l y.

N O T E  F o r t h e  p u rp o s e  o f t h i s  d i s c u s s i o n ,  fu g a c i t y  a n d  c h e m i c a l  a c t i v i t y  c a n  b e  c o n s i d e re d  

e q u i v a l e n t  a s  t h e y  a re  b a s e d  o n  t h e  s a m e  t h e rm o d y n a m i c  e q u i l i b ri u m  c o n s i d e r-

a t i o n s ,  u s i n g  t h e  c h e m i c a l  p o t e n t i a l  c o n c e p t .  N o t e  t h a t  t h e  e ffe c t  o f s a l i n i t y  o f t h e  

a q u e o u s  p h a s e  s h o u l d  b e  c o n s i d e re d  a s  w e l l .  T h i s  i s  c o m m o n l y  a c c o u n t e d  fo r b y  

including 	 an 	 activity	 coeffcient	 in 	 the	 activity	 calculation.

 G e n e ra l l y,  a s  fo r g a s  p h a s e  fu g a c i t y,  a s s e s s m e n t s  b a s e d  o n  c h e m i c a l  a c t i v i t y  o r a q u e o u s  c o n c e n -

t ra t i o n  i m p l y  a  m o re  m o d e s t  e n v i ro n m e n t a l  s e v e ri t y  t h a n  t h o s e  b a s e d  o n  p a rt i a l  p re s s u re .  H e n c e  

t h e  p ri n c i p l e  g i v e n  i n  AN S I /N AC E  M R 0 1 7 5 - 2 0 2 1 /I S O  1 5 1 5 6 - 1 : 2 0 2 0  8 . 3 . 4  a s  q u o t e d  a b o v e ,  a p -

p l i e s :  w h e n  u s i n g  t h e s e  p a ra m e t e rs ,  t h e  e q u i p m e n t  u s e r n e e d s  t o  d e m o n s t ra t e  t h a t  t h e  s e v e ri t y  o f 

t h e  e n v i ro n m e n t  i s  p ro p e rl y  t a k e n  i n t o  a c c o u n t ,  w h i c h  g e n e ra l l y  i n c l u d e s  d e t a i l e d  t h e rm o d y n a m i c  

a n a l y s i s .

N O T E  1  F u g a c i t y  c a n  b e  c o n s i d e re d  a n  “ e ffe c t i v e  p a rt i a l  p re s s u re ” ,  i n c o rp o ra t i n g  t h e  n o n - i d e -

a l  t h e rm o d y n a m i c  e ffe c t s  i n  t h e  re a l  g a s  t h a t  a re  i g n o re d  i n  t h e  p a rt i a l  p re s s u re  d e -

ri v e d  fro m  t h e  i d e a l  g a s  l a w.  I t  i s  d e p e n d e n t  o n  a n d  g e n e ra l l y  c a l c u l a t e d  fro m  t h e  

total 	 pressure, 	 the	 mole	 fraction 	 of	 the	 species	 in 	 the	 mixture	 and 	 its	 fugacity	 coeff-

c i e n t ,  w h i c h  i n  t u rn  d e p e n d s  o n  t e m p e ra t u re .  T h e  c o n c e p t  o f fu g a c i t y  i s  a p p l i c a b l e  t o  

a l l  p h a s e s ,  g a s  o r l i q u i d ,  a n d  c a n  b e  t h o u g h t  o f a s  “ e s c a p i n g  t e n d e n c y ”  — t h e  d ri v e r 

fo r a  c o m p o n e n t  t o  l e a v e  a  p h a s e .  At  e q u i l i b ri u m ,  t h e  fu g a c i t y  fo r e a c h  c o m p o n e n t  i s  

t h e  s a m e  i n  a l l  p h a s e s  o f a  m i x t u re ,  g a s  o r l i q u i d .  I n  t h i s  s t a n d a rd ,  t h e  t e rm  fu g a c i t y  

i s  p ri m a ri l y  u s e d  a s  a  p ro p e rt y  o f s p e c i e s  i n  t h e  g a s  p h a s e .

N O T E  2  A c t i v i t y  o r c h e m i c a l  a c t i v i t y  c a n  b e  c o n s i d e re d  a  “ p s e u d o  m o l e  fra c t i o n ” ,  a n d  i n c o r-

p o ra t e s  t h e  n o n - i d e a l  t h e rm o d y n a m i c  e ffe c t s  i n  t h e  re a l  l i q u i d  p h a s e  t h a t  a re  i g n o re d  

i f j u s t  c o n c e n t ra t i o n  i s  a c c o u n t e d  fo r.  Ac t i v i t y  i s  m e a n i n g l e s s  i f t h e  re fe re n c e  s t a t e  i s  

not	 specifed. 	 Activity	 also	 incorporates	 the	 effect	 of	 brine	 sal inity	 on 	 a	 species. 	 Ac-

t i v i t y  i s  o ft e n  e x p re s s e d  a s  t h e  m o l e  fra c t i o n  o f t h e  s p e c i e s  m u l t i p l i e d  b y  a n  a c t i v i t y  

coeffcient. 	 Since	 activity	 and 	 fugacity	 are	 unambiguously	 related 	 and 	 are	 derived 	

fro m  t h e  t h e rm o d y n a m i c  c o n c e p t  o f c h e m i c a l  p o t e n t i a l  ( p a rt i a l  G i b b s  fre e  e n e rg y ) ,  i t  

is	 suffcient	 to	 specify	 either	 activity	 or	 fugacity. 	 In 	 this	 document, 	 the	 term	 chemical 	

a c t i v i t y  i s  p ri m a ri l y  u s e d  a s  a  p ro p e rt y  o f s p e c i e s  i n  t h e  l i q u i d  o r a q u e o u s  p h a s e .

N O T E  3  E x a m p l e s  o f n o n - i d e a l  t h e rm o d y n a m i c  e ffe c t s  a n d  t h e i r a n a l y s i s  i n  t h e  c o n t e x t  o f 

s o u r c o rro s i o n  c ra c k i n g  a re  g i v e n  i n  t h e  fo l l o w i n g  p u b l i c a t i o n s  N AC E  C 2 0 1 4 ,  p a p e rs  

3 8 7 0 ,  4 2 4 3 ,  4 2 8 5  a n d  N AC E  C 2 0 1 5 ,  p a p e r 6 0 5 0 .

 As	 indicated	 in 	 the	 defnitions	 given	 in 	 ANSI/NACE	 MR01 75-2021 /ISO  1 5 1 5 6 - 1 : 2 0 2 0 ,  

C l a u s e  3 ,  fu g a c i t y  i s  a  fu n c t i o n  o f p re s s u re ,  t e m p e ra t u re ,  a n d  m i x t u re  c o m p o s i t i o n ;  

t h e  i m p a c t  o f a c t i v i t y  i s  fu rt h e r c o m p l i c a t e d  b y  t h e  s a l i n i t y  o f t h e  a q u e o u s  p h a s e .  C a re  

s h a l l  b e  t a ke n  t o  e n s u re  t h e rm o d y n a m i c  a n a l y s e s  a p p l y  v a l i d  p a ra m e t e rs .

N O T E  4  T h e  in-situ	 pH, 	 referred 	 to	 as	 a	 factor	 affecting 	 corrosion 	 cracking, 	 is	 defned	 based	

o n  t h e  c h e m i c a l  a c t i v i t y  o f p ro t o n s  i n  t h e  w a t e r p h a s e .  T h i s  a c t i v i t y  i n  t u rn  d e p e n d s  

o n  t h e  C O
2

 a n d  H
2

S  c h e m i c a l  a c t i v i t i e s  i n  t h e  w a t e r p h a s e  w h i c h  a re  e q u i v a l e n t  t o  

t h e  re s p e c t i v e  C O
2

 a n d  H
2

S  fu g a c i t i e s .  T h i s  i m p l i e s  h i g h  p re s s u re s  h a v e  a n  e ffe c t  o n  

p H ,  w h i c h  c a n  b e  a c c o u n t e d  fo r b y  t h e rm o d y n a m i c  a n a l y s i s .
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C . 2  C a l c u l a t i o n s  o f e ffe c t i v e  H
2

S  p a rt i a l  p re s s u re  fo r g a s - fre e  l i q u i d  s y s t e m s

C . 2 . 1  G e n e ra l

 F o r l i q u i d  s y s t e m s  ( fo r w h i c h  n o  e q u i l i b ri u m  g a s  c o m p o s i t i o n  i s  a v a i l a b l e ) ,  t h e  e ffe c t i v e  t h e rm o d y -

n a m i c  a c t i v i t y  o f H
2
S	 is	 defned	 by	 a	 virtual 	 partial 	 pressure	 of	 H

2
S  t h a t  m a y  b e  d e t e rm i n e d  i n  t h e  

fo l l o w i n g  w a y.

a )  D e t e rm i n e  t h e  b u b b l e - p o i n t  p re s s u re ,  p
B
, 	 of	 the	 fuid 	 at	 operating 	 temperature	 by	 any	 suit-

a b l e  m e t h o d .

N O T E  F o r a  l i q u i d - fu l l  p i p e l i n e  d o w n s t re a m  o f g a s  s e p a ra t i o n  u n i t s ,  a  g o o d  a p p ro x i m a -

t i o n  fo r b u b b l e - p o i n t  p re s s u re  i s  t h e  t o t a l  p re s s u re  o f t h e  l a s t  g a s  s e p a ra t o r.

b )  D e t e rm i n e  t h e  m o l e  fra c t i o n  o f H
2

S  i n  t h e  g a s  p h a s e  a t  b u b b l e - p o i n t  c o n d i t i o n s  b y  a n y  s u i t -

a b l e  m e t h o d .

c )  C a l c u l a t e  t h e  p a rt i a l  p re s s u re  o f H
2
S, 	 ρH

2
S	 ρH 2 S ,  e x p re s s e d  i n  m e g a p a s c a l s  ( p o u n d s  p e r 

s q u a re  i n c h ) ,  i n  t h e  g a s  a t  t h e  b u b b l e  p o i n t  a s  g i v e n  i n  F o rm u l a  ( C . 2 ) :

 ρH
2

S

xH
2

S

=  ρB  ×  
1 0 0

 ( C . 2 )

w h e re

ρ
B  

i s  t h e  b u b b l e - p o i n t  p re s s u re ,  e x p re s s e d  i n  m e g a p a s c a l s  ( p o u n d s  p e r s q u a re  i n c h ) ;

2
H S
x

   
i s  t h e  m o l e  fra c t i o n  o f H

2
S  i n  t h e  g a s ,  e x p re s s e d  a s  a  p e rc e n t a g e .  

d )  U s e  t h i s  a s  t h e  H
2

S  p a rt i a l  p re s s u re  fo r t h e  l i q u i d  s y s t e m .  T h i s  v a l u e  c a n  b e  u s e d  t o  d e -

t e rm i n e  w h e t h e r a  s y s t e m  i s  s o u r i n  a c c o rd a n c e  w i t h  o p t i o n  1  ( s e e  7 . 1 )  o r t o  d e t e rm i n e  i t s  

d e g re e  o f s o u rn e s s  i n  a c c o rd a n c e  w i t h  o p t i o n  2  ( s e e  7 . 2 ) .
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P a rt  2 - 4 5

Ke y

X  m o l e  fra c t i o n  H
2

S  i n  g a s ,  e x p re s s e d  i n  p e rc e n t  v o l u m e  fra c t i o n  t i m e s  1 0 4

 N O T E   P e rc e n t  v o l u m e  fra c t i o n  t i m e s  1 0 4  i s  t h e  e q u i v a l e n t  o f t h e  d e p re c a t e d  u n i t  “ p a rt s  p e r m i l l i o n  b y  v o l u m e . ”

Y t o t a l  a b s o l u t e  p re s s u re ,  e x p re s s e d  i n  m e g a p a s c a l s

1 	 ρH 2 S  =  0 . 3  k P a

2	 ρH 2 S  =  1  k P a

3	 ρH 2 S  =  1 0  k P a

4	 ρH 2 S  =  1 0 0  k P a

5	 ρH 2 S  =  1  0 0 0  k P a

F i g u re  C . 1  — H
2

S  p a rt i a l  p re s s u re  i s o b a rs  i n  s o u r- g a s  s y s t e m s

e )  T h e rm o d y n a m i c  m o d e l s  i n d i c a t e  t h a t  t h e  b u b b l e - p o i n t  a p p ro a c h  a b o v e  i n  a )  t o  d )  m a y  n o t  

a d e q u a t e l y  re p re s e n t  e n v i ro n m e n t a l  s e v e ri t y  fo r h i g h  t o t a l  p re s s u re  g a s - fre e  l i q u i d  a p p l i c a -

t i o n s  [ o i l  w e l l s  w i t h  a  t o t a l  p re s s u re  t y p i c a l l y  a b o v e  3 5 0  b a r ( 5  0 7 6  p s i ) ]  w i t h  b u b b l e - p o i n t  

pressures	 signifcantly	 lower	 than	 the	 total 	 pressure. 	 In 	 these	 instances, 	 fugacity	 or	 activity	

c a l c u l a t i o n s  a re  re c o m m e n d e d .

C . 2 . 2  C o n s i d e ra t i o n s  fo r h i g h  p re s s u re  g a s - fre e  o i l  w e l l s ,  H
2

S  a c t i v i t y

 T h e  a b o v e  a p p ro a c h  a s s u m e s  t h e  H
2

S  s e v e ri t y  o f t h e  e n v i ro n m e n t  i s  a d e q u a t e l y  re p re s e n t e d  b y  

ρH 2 S  a t  b u b b l e - p o i n t  a t  a n y  p re s s u re  h i g h e r t h a n  t h e  b u b b l e - p o i n t .  T h i s  a s s u m p t i o n  i s  g e n e ra l l y  

c o rre c t  a t  l o w  t o  m o d e ra t e  p re s s u re s ,  b u t  i s  n o t  n e c e s s a ri l y  t ru e  a t  h i g h  p re s s u re s .

 F o r g a s - fre e  l i q u i d  s y s t e m s  o p e ra t i n g  w e l l  a b o v e  t h e  b u b b l e - p o i n t ,  i n c re a s i n g  t h e  p re s s u re  d o e s  

n o t  re s u l t  i n  i n c re a s e d  c o n c e n t ra t i o n  o f H
2

S  i n  t h e  a q u e o u s  p h a s e ,  b u t  d o e s  i n c re a s e  t h e  c h e m i c a l  

a c t i v i t y  o f H
2

S  i n  w a t e r ( re s u l t i n g  fro m  t h e  P o y n t i n g  c o rre c t i o n  fa c t o r fo r t h e  e ffe c t  o f c o m p re s s i b i l i t y  

o f t h e  l i q u i d  o n  H
2

S ) .  H e n c e ,  t h e  e n v i ro n m e n t  b e h a v e s  a s  i f t h e re  i s  m o re  H
2

S .
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P a rt  2 - 4 6

N O T E  T h e  P o y n t i n g  c o rre c t i o n  fa c t o r d e s c ri b e s  t h e  e ffe c t  o f p re s s u re  o n  t h e  fu g a c i t y  ( o r 

c h e m i c a l  a c t i v i t y )  o f a  g a s  s p e c i e s ,  e . g . ,  C O
2  

o r
 

H
2

S ,  i n  t h e  l i q u i d  p h a s e .  T h i s  e f-

fe c t  d e ri v e s  fro m  t h e  l i q u i d ’ s  c o m p re s s i b i l i t y  u n d e r p re s s u re .  C o m m o n l y  t h e  c o n -

c e n t ra t i o n  o f a  g a s  s p e c i e s  d i s s o l v e d  i n  a  l i q u i d  p h a s e  i s  d e s c ri b e d  b y  H e n ry ’ s  l a w,  

s t a t i n g  p ro p o rt i o n a l i t y  b e t w e e n  t h e  g a s  s p e c i e s  p a rt i a l  p re s s u re  a n d  i t s  d i s s o l v e d  

c o n c e n t ra t i o n .  To  i n c o rp o ra t e  n o n - i d e a l  t h e rm o d y n a m i c  e ffe c t s  i n  g a s  a n d  l i q u i d ,  

t h e  e x t e n d e d  o r “ e n s e m b l e ”  H e n ry ’ s  l a w  u s e s  fu g a c i t y  i n s t e a d  o f p a rt i a l  p re s s u re  

and	 activity	 coeffcient	 and 	 Poynting 	 correction 	 factor	 as	 multipl iers	 for	 the	 species’	

c o n c e n t ra t i o n  i n  t h e  l i q u i d .

 A n  e x a m p l e  o i l  w e l l  c a s e  a s s e s s m e n t  s h o w e d  t h a t  a t  t o t a l  p re s s u re s  t y p i c a l l y  e x c e e d i n g  3 5 0  b a r 

t o  5 0 0  b a r ( 5  0 7 6  p s i  t o  7  2 5 2  p s i ) ,  H
2
S	 fugacity	 could 	 surpass	 the	 bubble-point	 ρH

2
S ,  re n d e ri n g  

t h e  l a t t e r a n  i n a d e q u a t e  i n d i c a t o r o f e n v i ro n m e n t a l  s e v e ri t y  ( s e e  N AC E  C 2 0 1 4 ,  p a p e r 3 8 7 0 ) .

 I n  l i n e  w i t h  AN S I /N AC E  M R 0 1 7 5 - 2 0 2 1 /I S O  1 5 1 5 6 - 1 : 2 0 2 0 ,  8 . 3 . 4  a s  a l s o  q u o t e d  i n  C . 1  a b o v e ,  t h e  

s e v e ri t y  o f t h e  e n v i ro n m e n t  fo r s u c h  c a s e s  i s  m o re  a p p ro p ri a t e l y  re p re s e n t e d  b y  H
2

S  c h e m i c a l  a c -

tivity	 (or	 equivalent	 fugacity)	 at	 pressure	 than 	 by	 ρH 2 S  a t  b u b b l e - p o i n t .  I t  i s  t h e re fo re  re c o m m e n d e d  

t h a t ,  a t  l e a s t  fo r h i g h  p re s s u re  g a s - fre e  o i l  w e l l s ,  a  t h e rm o d y n a m i c  a n a l y s i s  c o n s i d e ri n g  a q u e o u s  

c h e m i c a l  a c t i v i t y  i s  p e rfo rm e d  t o  e n s u re  e n v i ro n m e n t a l  s e v e ri t y  i s  p ro p e rl y  c h a ra c t e ri z e d  i n  t h e  

H
2
S	 cracking	 assessment. 	 This	 is	 refected 	 in 	 i tem	 e)	 above.
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P a rt  2 - 4 7

A n n e x  D

( i n fo rm a t i v e )

 

R e c o m m e n d a t i o n s  fo r d e t e rm i n i n g  p H

T h e  u s e  o f F i g u re  1  re q u i re s  t h e  d e t e rm i n a t i o n  o f i n  s i t u  p H  fo r t h e  p ro d u c t i o n  c o n d i t i o n s .  F i g u re s  D . 1  t o  D . 5  ( a d a p t e d  

fro m  R e fe re n c e  [ 2 5 ] )  g i v e  g e n e ra l  g u i d a n c e  fo r t h e  d e t e rm i n a t i o n  o f a n  a p p ro x i m a t e  p H  v a l u e  o f t h e  w a t e r p h a s e  

fo r v a ri o u s  c o n d i t i o n s .  p H  d e t e rm i n e d  i n  t h i s  w a y  m a y  b e  u s e d  i f n o  p ro v e n  c a l c u l a t i o n  o r re l i a b l e  i n  s i t u  m e a s u ri n g  

t e c h n i q u e s  a re  a v a i l a b l e .  

T h e  l i k e l y  e rro r b a n d  m a y  b e  t a k e n  a s
+0,5
0

 p H  u n i t s .

I n  F i g u re s  D . 1  t o  D . 5 ,  t h e  o rd i n a t e  a x i s  i s  i n  s i t u  p H .  p H  v a l u e s  ro u t i n e l y  re p o rt e d  fo r d e p re s s u ri z e d  w a t e r s a m p l e s  

s h o u l d  n o t  b e  m i s t a k e n  a s  v a l i d  i n  s i t u  p H  v a l u e s .

The	 in 	 situ 	 pH 	 can	 also	 be	 infuenced	 by	 the	 presence	 of	 organic	 acids, 	 such	 as	 acetic	 acid, 	 propionic	 acid, 	 etc. 	 (and 	

t h e i r s a l t s ) ,  t h a t  a re  n o t  c o n s i d e re d  i n  F i g u re s  D . 1  t o  D . 5. 	 The	 importance	 of	 the	 infuences	 of	 these	 acids	 on 	 in 	 situ 	 pH 	

a n d  o n  t h e  re s u l t s  o f c o n v e n t i o n a l  w a t e r a n a l y s e s  a re  d e s c ri b e d  i n  E F C  P u b l i c a t i o n  1 7 .  An a l y s i s  fo r t h e s e  c o m p o n e n t s  

s h o u l d  b e  m a d e  i n  o rd e r t o  m a k e  t h e  n e c e s s a ry  a d j u s t m e n t s  t o  t h e  c a l c u l a t e d  i n  s i t u  p H .

K e y

1  T =  2 0  ° C

2  T =  1 0 0  ° C

F i g u re  D . 1  — p H  o f c o n d e n s e d  w a t e r u n d e r C O
2

 a n d  H
2

S  p re s s u re
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P a rt  2 - 4 8

Ke y

1  H C O
–

3  =  0  m e q /l

2  H C O
–

3  =  0 . 1  m e q /l

3  H C O
–

3  =  1  m e q /l

4  H C O
–

3  =  1 0  m e q /l

5  H C O
–

3  =  1 0 0  m e q /l

6  T =  1 0 0  ° C

7  T =  2 0  ° C

F i g u re  D . 2  — p H  o f c o n d e n s a t e  w a t e r ( w e t  g a s )  o r fo rm a t i o n  w a t e rs   

c o n t a i n i n g  b i c a rb o n a t e  ( u n d e rs a t u ra t e d  i n  C a C O
3

)  u n d e r C O
2

 a n d  H
2

S  p re s s u re
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P a rt  2 - 4 9

Ke y

1  C a 2 +  =  1  0 0 0  m e q /l

2  C a 2 +  =  1 0 0  m e q /l

3  C a 2 +  =  1 0  m e q / l

4  H C O
–

3  =  1 0  m e q /l

5  H C O
–

3  =  3 0  m e q /l

6  H C O
–

3  =  1 0 0  m e q /l

7  C a 2 +  <  H C O
–

3

8  C a 2 +  =  H C O
–

3

9  C a 2 +  >  H C O
–

3  
F i g u re  D . 3  — p H  o f fo rm a t i o n  w a t e rs  ( s u p e r) s a t u ra t e d  i n  C a C O

3
  

( s t o i c h i o m e t ri c  o r n o n - s t o i c h i o m e t ri c )  u n d e r C O
2

 a n d  H
2

S  p re s s u re  a t  2 0  ° C
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P a rt  2 - 5 0

Ke y

1  C a 2 +  =  1  0 0 0  m e q /l

2  C a 2 +  =  1 0 0  m e q /l

3  C a 2 +  =  1 0  m e q /l

4  H C O
–

3  =  1 0  m e q /l

5  H C O
–

3  =  3 0  m e q /l

6  H C O
–

3  =  1 0 0  m e q /l

7  C a 2 +  <  H C O
–

3

8  C a 2 +  =  H C O
–

3

9  C a 2 +  >  H C O
–

3  
F i g u re  D . 4  — p H  o f fo rm a t i o n  w a t e rs  ( s u p e r) s a t u ra t e d  i n  C a C O

3
  

( s t o i c h i o m e t ri c  o r n o n - s t o i c h i o m e t ri c )  u n d e r C O
2

 a n d  H
2

S  p re s s u re  a t  6 0  ° C
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P a rt  2 - 5 1

Ke y

1  C a 2 +  =  1  0 0 0  m e q /l

2  C a 2 +  =  1 0 0  m e q /l

3  C a 2 +  =  1 0  m e q /l

4  H C O
–

3  =  1 0  m e q /l

5  H C O
–

3  =  3 0  m e q /l

6  H C O
–

3  =  1 0 0  m e q /l

7  C a 2 +  <  H C O
–

3

8  C a 2 +  =  H C O
–

3

9  C a 2 +  >  H C O
–

3

F i g u re  D . 5  — p H  o f fo rm a t i o n  w a t e rs  ( s u p e r) s a t u ra t e d  i n  C a C O
3

  

( s t o i c h i o m e t ri c  o r n o n - s t o i c h i o m e t ri c )  u n d e r C O
2

 a n d  H
2

S  p re s s u re  a t  1 0 0  ° C
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P a rt  2 - 5 2

A n n e x  E  

( i n fo rm a t i v e )  

 

I n fo rm a t i o n  t h a t  s h o u l d  b e  s u p p l i e d  fo r m a t e ri a l  p u rc h a s i n g

C o l u m n  2  o f Ta b l e  E . 1  a n d  Ta b l e  E . 2  s h o u l d  b e  c o m p l e t e d  b y  t h e  m a t e ri a l s  p u rc h a s e r.  Ac c e p t a b l e /re q u i re d  o p t i o n s  

s h o u l d  b e  i n d i c a t e d .

N O T E  T h e  d e s i g n a t i o n  I S O  1 5 1 5 6 - 2 A,  i n  c o l u m n  5 ,  i s  g e n e ra l l y  e q u i v a l e n t  t o  p re v i o u s l y  s p e c i fy i n g  c a rb o n  s t e e l s ,  

l o w - a l l o y  s t e e l s  o r c a s t  i ro n s  i n  a c c o rd a n c e  w i t h  N AC E  M R 0 1 7 5 .

Ta b l e  E . 1  — M i n i m u m  i n fo rm a t i o n  fo r m a t e ri a l  p u rc h a s i n g

P u rc h a s e r ’ s  re fe re n c e  

E q u i p m e n t  t y p e  

P re fe rre d  s t e e l  ( o r c a s t  i ro n )  

t y p e  a n d / o r g ra d e
 

G o v e rn i n g  s o u r s e rv i c e  s p e c i f c a t i o n :  A N S I / N A C E  M R 0 1 7 5 /

I S O  1 5 1 5 6  ( a l l  p a rt s )  

M a t e ri a l s  re q u i re m e n t s  fo r t h i s  p u rc h a s e  o rd e r

R e fe re n c e  

( s u b ) c l a u s e  i n  

A N S I /N A C E  

M R 0 1 7 5 /

I S O  1 5 1 5 6 - 2

R e m a rk s

S o u r- s e rv i c e  

d e s i g n a t i o n  

A N S I / N A C E  

M R 0 1 7 5 /

I S O  1 5 1 5 6 - x ,  

( m u l t i p l e  c o d e s  

c a n  b e  

re q u i re d )

S S C  re s i s t a n c e  o p t i o n  1 :

C a rb o n  s t e e l ,  l o w - a l l o y  s t e e l  o r 

c a s t  i ro n  fo r s o u r s e rv i c e  s e l e c t e d  

fro m  A . 2

Ye s /N o 7 . 1 — 2 A

S S C  re s i s t a n c e  o p t i o n  2 :

C a rb o n  o r l o w - a l l o y  s t e e l  fo r 

specifc	 sour-service	  

a p p l i c a t i o n s  o r fo r ra n g e s  o f  

s o u r s e rv i c e

Ye s /N o 7 . 2

I f s e l e c t e d ,  s e e  

a l s o  5 . 3  a n d  

Ta b l e  E . 2

—

H I C  re s i s t a n c e :

( a )  M a t e ri a l  fo r a n y  s o u r s e rv i c e ? Ye s /N o

C l a u s e  8  

a n d  B . 5

— 2 H

( b ) 	 Material 	 for	 specifc	 sour-

s e rv i c e  a p p l i c a t i o n s  o r fo r 

ra n g e s  o f s o u r s e rv i c e ?

Ye s /N o

I f s e l e c t e d ,  s e e  

a l s o  5 . 3  a n d  

Ta b l e  E . 2

—
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Ta b l e  E . 2  — A d d i t i o n a l  i n fo rm a t i o n  fo r S S C  t e s t i n g  a n d  o t h e r s p e c i a l  c a s e s

P u rc h a s e r ’ s  re fe re n c e  

M a t e ri a l s  re q u i re m e n t s  fo r t h i s   

p u rc h a s e  o rd e r

R e fe re n c e  

( s u b ) c l a u s e  i n  

A N S I /N A C E  

M R 0 1 7 5 / 

I S O  1 5 1 5 6 - 2

R e m a rk s

S o u r s e rv i c e  

d e s i g n a t i o n  

A N S I /N A C E  

M R 0 1 7 5 / 

I S O  1 5 1 5 6 - x ,  

( m u l t i p l e  c o d e s  

c a n  b e  re q u i re d )

R e s i s t a n c e  t o  S S C   

fo l l o w i n g  o p t i o n  2

I n d i c a t e  

p re fe rre d  

o p t i o n s

7 . 2 — —

a )  S o u r s e rv i c e  fo r a n y  S S C  

re g i o n ?

 

Te s t  s p e c i m e n  t y p e

Ye s /N o

7 . 2 . 1 . 4 ,  F i g u re  1 ,  

Ta b l e  B . 1  a n d  i t s  

N o t e s

U T  t e s t  s p e c i m e n s  b y  

d e fa u l t
2 R 3

b )  S o u r s e rv i c e  fo r S S C  

re g i o n s  2  a n d  1 ?  

 

Te s t  s p e c i m e n  t y p e

Ye s /N o

7 . 2 . 1 . 4 ,  F i g u re  1  

Ta b l e  B . 1  a n d  i t s  

N o t e s

U T  t e s t  s p e c i m e n s  b y  

d e fa u l t
2 R 2

c )  S o u r s e rv i c e  fo r S S C  

re g i o n  1 ?  

 

Te s t  s p e c i m e n  t y p e

Ye s /N o

7 . 2 . 1 . 4 ,  F i g u re  1  

Ta b l e  B . 1  a n d  i t s  

N o t e s

U T  t e s t  s p e c i m e n s  b y  

d e fa u l t
2 R 1

d)	 Specifc	 sour	 service	

a p p l i c a t i o n  re q u i re d ?  

 

Te s t  s p e c i m e n  t y p e

Ye s /N o
7 . 2 . 1 . 4 ,  Ta b l e  B . 1  

a n d  i t s  N o t e s

Te s t  c o n d i t i o n  d a t a  b e l o w  

re q u i re d .  U T  t e s t  s p e c i m e n s  

b y  d e fa u l t

2 S

Resistance	 to	 HIC	 for	 specifc	

s o u r s e rv i c e  a p p l i c a t i o n ?
Ye s /N o

C l a u s e  8  a n d  

Ta b l e  B . 1

Te s t  c o n d i t i o n  d a t a  b e l o w  

re q u i re d
2 H S

D e s c ri p t i o n  o f t e s t   

c o n d i t i o n s

—
Ta b l e  B . 1  a n d /o r 

Ta b l e  B . 3

D e fa u l t  v a l u e s  p e r 

Ta b l e  B . 1 ,  o t h e r v a l u e s  

re q u i re  d o c u m e n t e d  

justifcation	 according 	 to	

A N S I / N A C E  M R 0 1 7 5 /

I S O  1 5 1 5 6 - 1

—

Te s t  s t re s s  fo r S S C  t e s t i n g — — %  AY S  ( o r a s  a p p ro p ri a t e ) —

C O
2

— — M P a  ( p s i ) —

H
2

S — — M P a  ( p s i ) —

Te m p e ra t u re — — ° C —

I n  s i t u  p H
— —

F o r c a l c u l a t i o n  o f p H ,   

s e e  An n e x  D .
—

C l
−

 o r o t h e r h a l i d e — — m g / l —

E l e m e n t a l  s u l fu r ( S 0 ) — — P re s e n t  o r a b s e n t —

S p e c i a l  re q u i re m e n ts — — — —

SOHIC	 and 	 SZC	 resistance	

re q u i re m e n t s Ye s /N o 7 . 2 . 2  a n d  B . 4
S S C  t e s t i n g  a l w a y s  re q u i re d  

before	 SOHIC/SZC	 testing

2Z	 with 	 SSC	  

d e s i g n a t i o n  fro m   

a b o v e
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P a rt  2 - 5 4

B i b l i o g ra p h y

[ 1 ]  I S O  3 1 8 3 ,  Pe tro le um  a n d n a tura l ga s in dustrie s — Ste e l p ip e  fo r p ip e lin e  tra n sp o rta tio n  syste m s

[ 2 ]  I S O  1 1 9 6 0 : 2 0 2 0 ,  Pe tro le u m  a n d n a tura l ga s in du strie s — Ste e l p ip e s fo r use  a s ca sin g o r tub in g fo r we lls

[ 3 ]  I S O  1 8 2 6 5 ,  Me ta llic m a te ria ls — Co n ve rsio n  o f h a rdn e ss va lue s

[ 4 ]  AP I  S p e c  5 C T 3 ,  Sp e cifca tio n  fo r Ca sin g a n d Tub in g

[ 5 ]  AN S I /AP I  S p e c  5 L /I S O  3 1 8 3 6 ) ,  Sp e cifca tio n  fo r L in e  Pip e

[ 6 ]  AS M E 4  B o i l e r a n d  P re s s u re  Ve s s e l  C o d e ,  S e c t i o n  I X  — Q ua lifca tio n  Sta n da rd Fo r We ldin g a n d B ra zin g Pro ce -

dure s,  We lde rs,  B ra ze rs,  a n d We ldin g a n d B ra zin g O p e ra to rs

[ 7 ]  AS T M  A4 8 /A4 8 M 5 ,  S ta n da rd Sp e cifca tio n  fo r G ra y Iro n  Ca stin gs

[ 8 ]  AS T M  A5 3 /A5 3 M ,  Sta n da rd Sp e cifca tio n  fo r Pip e ,  Ste e l,  B la ck a n d Ho t-D ip p e d,  Zin c-Co a te d,  We lde d a n d Se a m -

le ss

[ 9 ]  AS T M  A1 0 5 /A1 0 5 M ,  Sta n da rd Sp e cifca tio n  fo r Ca rb o n  Ste e l Fo rgin gs fo r Pip in g A p p lica tio n s

[ 1 0 ]  AS T M  A1 0 6 ,  Sta n da rd S p e cifca tio n  fo r Se a m le ss Ca rb o n  Ste e l Pip e  fo r High -Te m p e ra ture  S e rvice

[ 1 1 ]  AS T M  A1 9 3 /A1 9 3 M ,  Sta n da rd Sp e cifca tio n  fo r A llo y-S te e l a n d Sta in le ss Ste e l B o ltin g Ma te ria ls fo r High -Te m -

p e ra ture  Se rvice  o r High  Pre ssure  Se rvice  a n d O th e r Sp e cia l Purp o se  A p p lica tio n s

[ 1 2 ]  AS T M  A1 9 4 /A1 9 4 M ,  Sta n da rd Sp e cifca tio n  fo r Ca rb o n  a n d A llo y Ste e l Nuts fo r B o lts fo r High  Pre ssure  o r High  

Te m p e ra ture  Se rvice ,  o r B o th

[ 1 3 ]  AS T M  A2 2 0 /A2 2 0 M ,  Sta n da rd Sp e cifca tio n  fo r Pe a rlitic Ma lle a b le  Iro n

[ 1 4 ]  AS T M  A2 3 4 /A2 3 4 M ,  Sta n da rd Sp e cifca tio n  fo r Pip in g Fittin gs of Wro ugh t Ca rb o n  Ste e l a n d A llo y Ste e l Fo r Mo d-

e ra te  a n d High  Te m p e ra ture  Se rvice

[ 1 5 ]  AS T M  A2 7 8 /A2 7 8 M ,  Sta n da rd Sp e cifca tio n  fo r G ra y Iro n  Ca stin gs fo r Pre ssure -Co n ta in in g Pa rts fo r Te m p e ra -

ture s up  to  650 °F (350 °C)

[ 1 6 ]  AS T M  A3 2 0 /A3 2 0 M ,  Sta n da rd Sp e cifca tio n  fo r A llo y-Ste e l a n d Sta in le ss Ste e l B o ltin g Ma te ria ls fo r L o w-Te m -

p e ra ture  Se rvice

[ 1 7 ]  AS T M  A3 3 3 /A 3 3 3 M ,  Sta n da rd Sp e cifca tio n  fo r Se a m le ss a n d We lde d Ste e l Pip e  fo r L o w-Te m p e ra tu re  Se rvice  

a n d O th e r A p p lica tio n s with  Re q uire d No tch  To ugh n e ss

[ 1 8 ]  AS T M  A3 8 1 ,  Sta n da rd Sp e cifca tio n  fo r Me ta l-A rc-We lde d Ste e l Pip e  fo r Use  With  High -Pre ssure  Tra n sm issio n  

S yste m s

[ 1 9 ]  AS T M  A3 9 5 /A3 9 5 M ,  Sta n da rd Sp e cifca tio n  fo r Fe rritic D uctile  Iro n  Pre ssure -Re ta in in g Ca stin gs fo r Use  A t Ele -

va te d Te m p e ra ture s

[ 2 0 ]  AS T M  A5 2 4 ,  Sta n da rd S p e cifca tio n  fo r Se a m le ss Ca rb o n  Ste e l Pip e  fo r A tm o sp h e ric a n d L o we r Te m p e ra tu re s

[ 2 1 ]  AS T M  A5 3 6 ,  Sta n da rd S p e cifca tio n  fo r D uctile  Iro n  Ca stin gs

[ 2 2 ]  AS T M  A5 7 1 /A5 7 1 M ,  Sta n da rd Sp e cifca tio n  fo r A uste n itic D uctile  Iro n  Ca stin gs fo r Pre ssure -Co n ta in in g Pa rts 

S uita b le  fo r L o w-Te m p e ra ture  Se rvice

[ 2 3 ]  AS T M  A6 0 2 ,  Sta n da rd S p e cifca tio n  fo r A uto m o tive  Ma lle a b le  Iro n  Ca stin gs

3   A m e r i c a n  P e t ro l e u m  I n s t i t u te  ( A P I ) ,  1 2 2 0  L  S t re e t  N W,  Wa s h i n g to n ,  D C  2 0 0 0 5 - 4 0 7 0 ,  U S A ,  w w w. a p i . o rg .
4   Am e ri c a n  S o c i e t y  o f M e c h a n i c a l  E n g i n e e rs  ( AS M E ) ,  Tw o  P a rk  Av e n u e ,  N e w  Yo rk ,  N Y 1 0 0 1 6 - 5 9 9 0 ,  U S A,  w w w. a s m e . o rg .
5   AS T M  I n t e rn a t i o n a l  ( AS T M ) ,  1 0 0  B a rr H a rb o r D ri v e ,  P O  B o x  C 7 0 0 ,  W e s t  C o n s h o h o c k e n ,  PA 1 9 4 2 8 - 2 9 5 9 ,  U S A,  w w w. a s t m . o rg .
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P a rt  2 - 5 5

[ 2 4 ]  A S T M  E 1 4 0 ,  Sta n da rd Ha rdn e ss Co n ve rsio n  Ta b le s fo r Me ta ls Re la tio n sh ip  A m o n g B rin e ll Ha rdn e ss,  Vicke rs 

Ha rdn e ss,  Ro ckwe ll Ha rdn e ss,  Ro ckwe ll Sup e rfcia l Ha rdn e ss,  Kn o o p  Ha rdn e ss,  a n d Scle ro sco p e  Ha rdn e ss

[25] 	 Bonis	 M. , 	 Crolet	 J . -L. 	 Practical 	 aspects	 of	 the	 infuence	 of	 in 	 situ 	 pH 	 on 	 H
2

S - i n d u c e d  c ra c k i n g .  Co rro s.  Sci.  1 9 8 7 ,  

2 7  p p .  1 0 5 9 – 1 0 7 0

[ 2 6 ]  B S  8 7 0 1 6 ,  F u l l  ri n g  o v a l i z a t i o n  t e s t  fo r d e t e rm i n i n g  t h e  s u s c e p t i b i l i t y  t o  c ra c k i n g  o f l i n e p i p e  s t e e l s  i n  s o u r s e rv i c e .  

Te s t  m e t h o d

[ 2 7 ]  N AC E  C O R R O S I O N  2 0 0 0 ,  P a p e r 1 2 8 ,  A  n e w de vice  fo r side  b e n d te stin g o n  p ip e  se a m  we lds

[ 2 8 ]  N AC E  M R 0 1 7 6 ,  Me ta llic Ma te ria ls fo r Sucke r-Ro d Pum p s fo r Co rro sive  O ilfe ld En viro n m e n ts

[ 2 9 ]  N AC E  M R 0 1 7 5 ,  Sulfde  Stre ss Cra ckin g Re sista n t Me ta llic Ma te ria ls fo r O ilfe ld Eq uip m e n t

[ 3 0 ]  S AE - AS T M ,  Me ta ls a n d A llo ys in  th e  Un ife d Num b e rin g Syste m ,  ISB N 0-7680-04 07

[ 3 1 ]  A S T M  E 1 0 ,  Sta n da rd Te st Me th o d fo r B rin e ll Ha rdn e ss o f Me ta llic Ma te ria ls

[ 3 2 ]  A S T M  E 1 8 ,  Sta n da rd Te st Me th o ds fo r Ro ckwe ll Ha rdn e ss o f Me ta llic Ma te ria ls

[ 3 3 ]  A S T M  E 3 8 4 ,  Sta n da rd Te st Me th o d fo r Kn o o p  a n d Vicke rs Ha rdn e ss of Ma te ria ls

[ 3 4 ]  N AC E  C O R R O S I O N  2 0 1 4 ,  p a p e r 3 8 7 0 ,  Th e  Ph ysica l Ch e m istry Na tu re  of Hydro ge n  Sulfde  G a s a s it Affe cts 

Sulfde  Stre ss Cra ck Pro p a ga tio n  in  Ste e l

[ 3 5 ]  N AC E  C O R R O S I O N  2 0 1 4 ,  p a p e r 4 2 4 3 ,  Se le ctin g Re p re se n ta tive  L a b o ra to ry Te st Co n ditio n s fo r Mildly So ur 

Sulfde  Stre ss Co rro sio n  (SSC)  Te stin g

[ 3 6 ]  N AC E  C O R R O S I O N  2 0 1 4 ,  p a p e r 4 2 8 5 ,  L a b o ra to ry sim ula tio n  of o il a n d ga s fe ld co n ditio n s:  im p o rta n t p h a se  

b e h a vio r co n side ra tio n s a n d a p p ro a ch e s

[ 3 7 ]  N AC E  C O R R O S I O N  2 0 1 5 ,  p a p e r 6 0 5 0 ,  Co n se rva tism  in  so ur te stin g with  h ydro ge n  sulfde  p a rtia l p re ssure  e xp o -

sure s — to wa rds a  m o re  co n siste n t a p p ro a ch

[ 3 8 ]  E F C  P u b l i c a t i o n  1 6 7 ,  G uide lin e s o n  m a te ria ls re q u ire m e n ts fo r ca rb o n  a n d lo w a llo y ste e ls fo r H2S-co n ta in in g 

e n viro n m e n ts in  o il a n d ga s p ro ductio n

[ 3 9 ]  t h e  I S O  1 5 1 5 6  s e ri e s  m a i n t e n a n c e  w e b s i t e ,  h t t p : //w w w. i s o . o rg /i s o 1 5 1 5 6 m a i n t e n a n c e

6   B ri t i s h  S t a n d a rd s  I n s t i t u t i o n  ( B S I ) ,  3 8 9  C h i s w i c k  H i g h  R o a d ,  L o n d o n  W 4  4 AL ,  U K ,  w w w. b s i g ro u p . c o m .
7   E u ro p e a n  F e d e ra t i o n  o f C o rro s i o n  ( E F C ) ,  c /o  T h e  I n s t i t u t e  o f M a t e ri a l s ,  1  C a rl t o n  H o u s e  Te rra c e ,  L o n d o n  S W 1 Y 5 D B ,  U K ,  w w w. e fc w e b . o rg .
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©2 0 2 2  As s o c i a t i o n  fo r M a t e ri a l s  P ro t e c t i o n  a n d  P e rfo rm a n c e  ( AM P P ) .  A l l  ri g h t s  re s e rv e d .  N o  p a rt  o f t h i s  p u b l i c a t i o n  m a y  b e  
re p ro d u c e d ,  s t o re d  i n  a  re t ri e v a l  s y s t e m ,  o r tra n s m i t t e d ,  i n  a n y  fo rm  o r b y  a n y  m e a n s  ( e l e c t ro n i c ,  m e c h a n i c a l ,  p h o t o c o p y i n g ,  re c o rd i n g ,  
o r o t h e rw i s e )  w i t h o u t  t h e  p ri o r w ri t t e n  p e rm i s s i o n  o f A M P P.

I n t e rn a t i o n a l  S t a n d a rd

AN S I /N AC E  M R 0 1 7 5 - 2 0 2 1 / I S O  1 5 1 5 6 - 3 : 2 0 2 0

F o u rt h  E d i t i o n

I d e n t i c a l  t o  I S O  1 5 1 5 6 - 3 : 2 0 2 0

P e t ro l e u m  a n d  n a t u ra l  g a s  i n d u s t ri e s  —  

M a t e ri a l s  fo r u s e  i n  H
2

S - c o n t a i n i n g  e n v i ro n m e n t s   

i n  o i l  a n d  g a s  p ro d u c t i o n   

Pa rt 3:  

C ra c k i n g - re s i s t a n t  C R A s   

( c o rro s i o n - re s i s t a n t  a l l o y s )  a n d  o t h e r a l l o y s

A n  A m e ri c a n  N a t i o n a l  S t a n d a rd

A p p ro v e d  2 1  S e p  2 0 2 2



C O P YRI G H T  P RO T E C T E D  D O C U M E N T

T h e s e  m a t e ri a l s  a re  s u b j e c t  t o  c o p y ri g h t  c l a i m s  o f I S O  a n d  AM P P.   N o  p a rt  o f t h i s  p u b l i c a t i o n  m a y  b e  re p ro d u c e d  i n  a n y  

fo rm ,  i n c l u d i n g  a n  e l e c t ro n i c  re t ri e v a l  s y s t e m ,  w i t h o u t  t h e  p ri o r w ri t t e n  p e rm i s s i o n  o f AM P P.   Al l  re q u e s t s  p e rt a i n i n g  t o  t h e  

AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6  s t a n d a rd  s h o u l d  b e  s u b m i t t e d  t o  AM P P.   Al l  ri g h t s  re s e rv e d .

I n t e rn a t i o n a l  O rg a n i z a t i o n  fo r S t a n d a rd i z a t i o n  ( I S O )

I S O  C e n t ra l  S e c re t a ri a t

B I B C  I I

C h e m i n  d e  B l a n d o n n e t  8

C P  4 0 1

1 2 1 4  Ve rn i e r,  G e n e v a

S w i t z e rl a n d

Te l .  +  4 1  2 2  7 4 9  0 1  1 1

F a x  +  4 1  2 2  7 4 9  0 9  4 7

We b :  w w w. i s o . c h

As s o c i a t i o n  fo r M a t e ri a l s  P ro t e c t i o n  a n d  P e rfo rm a n c e  ( AM P P )

1 5 8 3 5  P a rk Te n  P l a c e

H o u s t o n ,  T X  7 7 0 8 4 - 5 1 4 5

Te l .  + 1  2 8 1 - 2 2 8 - 6 2 2 3

F a x  + 1  2 8 1 - 2 2 8 - 6 3 0 0

We b :  w w w. a m p p . o rg

P ri n t e d  i n  t h e  U . S . A.  b y  AM P P

AM P P  v a l u e s  y o u r i n p u t .  To  p ro v i d e  fe e d b a c k  o n  t h i s  s t a n d a rd ,  p l e a s e  c o n t a c t :  s t a n d a rd s @a m p p . o rg
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©2 0 2 2  As s o c i a t i o n  fo r M a t e ri a l s  P ro t e c t i o n  a n d  P e rfo rm a n c e  ( A M P P )  a n d  I n t e rn a t i o n a l  O rg a n i z a t i o n  fo r S t a n d a rd i z a t i o n  ( I S O ) .  Al l  ri g h t s  re s e rv e d .  

P a rt  3 - 2

D o c u m e n t  H i s t o ry

2 0 2 1 - 1 2 - 2 2 :  D e v e l o p e d  b y  AM P P  S t a n d a rd s  C o m m i t t e e  ( S C )  0 8 ,  M e t a l l i c  M a t e ri a l  S e l e c t i o n  &  Te s t i n g

I n t e rn a t i o n a l  S t a n d a rd

AN S I / N AC E  M R 0 1 7 5 - 2 0 2 1 / I S O  1 5 1 5 6 - 3 : 2 0 2 0

F o u rt h  E d i t i o n

I d e n t i c a l  t o  I S O  1 5 1 5 6 - 3 : 2 0 2 0

P e t ro l e u m  a n d  n a t u ra l  g a s  i n d u s t ri e s  — M a t e ri a l s  fo r u s e  i n  

H
2

S - c o n t a i n i n g  e n v i ro n m e n t s  i n  o i l  a n d  g a s  p ro d u c t i o n   

Pa rt 3:  

C ra c k i n g - re s i s t a n t  C R A s  ( c o rro s i o n - re s i s t a n t  a l l o y s )  a n d  o t h e r a l l o y s
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F o re w o rd

I S O  ( t h e  I n t e rn a t i o n a l  O rg a n i z a t i o n  fo r S t a n d a rd i z a t i o n )  i s  a  w o rl d w i d e  fe d e ra t i o n  o f n a t i o n a l  s t a n d a rd s  b o d i e s  ( I S O  

m e m b e r b o d i e s ) .  T h e  w o rk  o f p re p a ri n g  I n t e rn a t i o n a l  S t a n d a rd s  i s  n o rm a l l y  c a rri e d  o u t  t h ro u g h  I S O  t e c h n i c a l  c o m m i t -

t e e s .  E a c h  m e m b e r b o d y  i n t e re s t e d  i n  a  s u b j e c t  fo r w h i c h  a  t e c h n i c a l  c o m m i t t e e  h a s  b e e n  e s t a b l i s h e d  h a s  t h e  ri g h t  

t o  b e  re p re s e n t e d  o n  t h a t  c o m m i t t e e .  I n t e rn a t i o n a l  o rg a n i z a t i o n s ,  g o v e rn m e n t a l  a n d  n o n - g o v e rn m e n t a l ,  i n  l i a i s o n  w i t h  

I S O ,  a l s o  t a k e  p a rt  i n  t h e  w o rk .  I S O  c o l l a b o ra t e s  c l o s e l y  w i t h  t h e  I n t e rn a t i o n a l  E l e c t ro t e c h n i c a l  C o m m i s s i o n  ( I E C )  o n  a l l  

m a t t e rs  o f e l e c t ro t e c h n i c a l  s t a n d a rd i z a t i o n .

T h e  p ro c e d u re s  u s e d  t o  d e v e l o p  t h i s  d o c u m e n t  a n d  t h o s e  i n t e n d e d  fo r i t s  fu rt h e r m a i n t e n a n c e  a re  d e s c ri b e d  i n  t h e  

I S O /I E C  D i re c t i v e s ,  P a rt  1 .  I n  p a rt i c u l a r,  t h e  d i ffe re n t  a p p ro v a l  c ri t e ri a  n e e d e d  fo r t h e  d i ffe re n t  t y p e s  o f I S O  d o c u m e n t s  

s h o u l d  b e  n o t e d .  T h i s  d o c u m e n t  w a s  d ra ft e d  i n  a c c o rd a n c e  w i t h  t h e  e d i t o ri a l  ru l e s  o f t h e  I S O /I E C  D i re c t i v e s ,  P a rt  2  

( s e e  w w w. i s o . o rg /d i re c t i v e s ) .

A t t e n t i o n  i s  d ra w n  t o  t h e  p o s s i b i l i t y  t h a t  s o m e  o f t h e  e l e m e n t s  o f t h i s  d o c u m e n t  m a y  b e  t h e  s u b j e c t  o f p a t e n t  ri g h t s .  I S O  

shall 	 not	 be	 held 	 responsible	 for	 identifying	 any	 or	 al l 	 such	 patent	 rights. 	 Detai ls	 of	 any	 patent	 rights	 identifed 	 during 	

t h e  d e v e l o p m e n t  o f t h e  d o c u m e n t  w i l l  b e  i n  t h e  I n t ro d u c t i o n  a n d /o r o n  t h e  I S O  l i s t  o f p a t e n t  d e c l a ra t i o n s  re c e i v e d  ( s e e  

w w w. i s o . o rg /p a t e n t s ) .

A n y  t ra d e  n a m e  u s e d  i n  t h i s  d o c u m e n t  i s  i n fo rm a t i o n  g i v e n  fo r t h e  c o n v e n i e n c e  o f u s e rs  a n d  d o e s  n o t  c o n s t i t u t e  a n  

e n d o rs e m e n t .

For	 an 	 explanation 	 of	 the	 voluntary	 nature	 of	 standards, 	 the	 meaning 	 of	 ISO	 specifc	 terms	 and 	 expressions	 related 	 to	

c o n fo rm i t y  a s s e s s m e n t ,  a s  w e l l  a s  i n fo rm a t i o n  a b o u t  I S O ’ s  a d h e re n c e  t o  t h e  Wo rl d  Tra d e  O rg a n i z a t i o n  ( W T O )  p ri n c i -

p l e s  i n  t h e  Te c h n i c a l  B a rri e rs  t o  Tra d e  ( T B T ) ,  s e e  w w w. i s o . o rg /i s o /fo re w o rd . h t m l .

T h i s  d o c u m e n t  w a s  p re p a re d  b y  Te c h n i c a l  C o m m i t t e e  I S O /T C  6 7 ,  Ma te ria ls,  e q uip m e n t a n d o ffsh o re  structure s fo r 

p e tro le um ,  p e tro ch e m ica l a n d n a tura l ga s in dustrie s,  i n  c o l l a b o ra t i o n  w i t h  t h e  E u ro p e a n  C o m m i t t e e  fo r S t a n d a rd i z a t i o n  

( C E N )  Te c h n i c a l  C o m m i t t e e  C E N /T C  1 2 ,  Ma te ria ls,  e q uip m e n t a n d o ffsh o re  structure s fo r p e tro le um ,  p e tro ch e m ica l 

a n d n a tura l ga s in dustrie s,  i n  a c c o rd a n c e  w i t h  t h e  Ag re e m e n t  o n  t e c h n i c a l  c o o p e ra t i o n  b e t w e e n  I S O  a n d  C E N  ( Vi e n n a  

A g re e m e n t ) .

T h i s  fo u rt h  e d i t i o n  c a n c e l s  a n d  re p l a c e s  t h e  t h i rd  e d i t i o n  ( AN S I /N AC E  M R 0 1 7 5 - 2 0 1 5 /I S O  1 5 1 5 6 - 3 : 2 0 1 5 ) ,  w h i c h  h a s  

b e e n  t e c h n i c a l l y  re v i s e d .  T h e  m a i n  c h a n g e s  c o m p a re d  t o  t h e  p re v i o u s  e d i t i o n  a re  a s  fo l l o w s :

— Ta b l e  A . 2 7  U N S  S 1 7 4 0 0  ( 1 7 - 4 P H  S S )  h a s  n e w  l i m i t s .  T h e  u s e  o f t h e  a l l o y  a t  t h e  a n n o t a t e d  e n v i ro n m e n t a l  c o n d i -

t i o n s  i s  n o w  l i m i t e d  t o  a p p l i c a t i o n s  w h e re  s u s t a i n e d  s t re s s  i s  n o  m o re  t h a n  5 0  %  o f S M Y S ;

— Ta b l e  A. 3 2  n e w  l i m i t s  a n d  a n n o t a t i o n s  fo r U N S  N 0 9 9 4 6  s e p a ra t e  fro m  U N S  N 0 9 9 4 5 ;

— Ta b l e  A. 4 1  i n c l u s i o n  o f U N S  R 5 5 4 0 0  ( n e w  a - b  Ti  a l l o y ) ;

— Ta b l e  A. 3 	 UNS	 S2091 0	 (Nitronic	 50)	 note	 modifcations;

— Ta b l e s  A. 2 2 ,  A. 2 3 ,  A. 2 6  t h ro u g h  A . 3 0 ,  a n d  A. 3 3  t e m p e ra t u re  c o n v e rs i o n  c o rre c t i o n s ;

— Ta b l e  A. 2 3  n e w  n o t e  fo r m a x i m u m  d e s i g n  t e n s i l e  s t re s s  fo r U N S  J 9 1 5 4 0 ;

— Ta b l e  A. 3 2  n e w l y  a d d e d  U N S  N 0 7 7 1 8  ( h i g h  s t re n g t h  Al l o y  7 1 8 ,  w i t h  t w o - s t e p  a g i n g  c y c l e ,  m e e t i n g  AP I  6 A C R A 

c o m p o s i t i o n  a n d  a  m a x i m u m  h a rd n e s s  o f 4 5  H R C )  a n d  U N S  N 0 9 9 5 5  re q u i re m e n t s  a n d  n o t e  l e t t e rs  d e s i g n a t i o n  

c h a n g e s  o n  U N S  N 0 9 9 2 5 ,  N 0 9 9 3 5 ,  N 0 9 9 4 5  a n d  N 0 9 9 4 6 ;
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— Ta b l e  A. 4 0 	 ti tle	 modifcation 	 and 	 note	 clarifcation;

— C l a u s e  A. 1 3 	 Cladding, 	 overlays, 	 and 	 wear-resistant	 al loys	 modifcations;

— Ta b l e  A. 1 8  a n d  Ta b l e  A. 1 9 	 (Martensitic	 SS)	 remarks	 modifcations;

— Ta b l e  A. 2 4 	 Duplex	 SS	 Hot	 Isostatical ly	 Pressed	 (HIP)	 inclusion 	 and 	 remarks	 modifcation;

— t h e  i n fo rm a t i v e  An n e x  D ,  “ M a t e ri a l s  c h e m i c a l  c o m p o s i t i o n s  a n d  o t h e r i n fo rm a t i o n ” ,  h a s  b e e n  re m o v e d  d u e  t o  c o p y -

ri g h t  re a s o n s ;

— a d d i t i o n s  t o  t h e  b i b l i o g ra p h y.

AN S I /N AC E  M R 0 1 7 5 - 2 0 2 1 /I S O  1 5 1 5 6 : 2 0 2 0  c o n s i s t s  o f t h e  fo l l o w i n g  p a rt s ,  u n d e r t h e  g e n e ra l  t i t l e  Pe tro le um  a n d n a t-

ura l ga s in dustrie s — Ma te ria ls fo r use  in  H
2

S-co n ta in in g e n viro n m e n ts in  o il a n d ga s p ro ductio n :

— Pa rt 1 :  G e n e ra l p rin cip le s fo r se le ctio n  o f cra ckin g-re sista n t m a te ria ls

— Pa rt 2:  Cra ckin g re sista n t ca rb o n  a n d lo w-a llo y ste e ls,  a n d th e  u se  o f ca st iro n s

— Pa rt 3 :  Cra ckin g re sista n t CRA s (co rro sio n  re sista n t a llo ys)  a n d o th e r a llo ys
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I n t ro d u c t i o n

The	 consequences	 of	 sudden	 failures	 of	 metal l ic	 oi l 	 and 	 gas	 feld 	 components	 associated 	 with 	 their	 exposure	 to	

H
2
S-containing 	 production 	 fuids	 led 	 to	 the	 preparation 	 of	 the	 frst	 edition 	 of	 NACE	 MR01 75	 which 	 was	 publ ished 	 in 	

1 9 7 5  b y  t h e  N a t i o n a l  As s o c i a t i o n  o f C o rro s i o n  E n g i n e e rs ,  n o w  k n o w n  a s  t h e  As s o c i a t i o n  fo r M a t e ri a l s  P ro t e c t i o n  a n d  

P e rfo rm a n c e  ( AM P P ) .

T h e  o ri g i n a l  a n d  s u b s e q u e n t  e d i t i o n s  o f N AC E  M R 0 1 7 5  e s t a b l i s h e d  l i m i t s  o f H
2

S  p a rt i a l  p re s s u re  a b o v e  w h i c h  p re c a u -

tions	 against	 sulfde	 stress	 cracking 	 (SSC)	 were	 always	 considered 	 necessary. 	 They	 also	 provided 	 guidance	 for	 the	

selection 	 and 	 specifcation 	 of	 SSC-resistant	 materials	 when 	 the	 H
2

S  t h re s h o l d s  w e re  e x c e e d e d .  I n  m o re  re c e n t  e d i -

t i o n s ,  N AC E  M R 0 1 7 5  h a s  a l s o  p ro v i d e d  a p p l i c a t i o n  l i m i t s  fo r s o m e  c o rro s i o n - re s i s t a n t  a l l o y s  i n  t e rm s  o f e n v i ro n m e n t a l  

c o m p o s i t i o n  a n d  p H ,  t e m p e ra t u re ,  a n d  H
2

S  p a rt i a l  p re s s u re s .

I n  s e p a ra t e  d e v e l o p m e n t s ,  t h e  E u ro p e a n  F e d e ra t i o n  o f C o rro s i o n  i s s u e d  E F C  P u b l i c a t i o n  1 6  i n  1 9 9 5  a n d  E F C  P u b -

l i c a t i o n  1 7  i n  1 9 9 6 .  T h e s e  d o c u m e n t s  a re  g e n e ra l l y  c o m p l e m e n t a ry  t o  t h o s e  o f N AC E ,  t h o u g h  t h e y  d i ffe re d  i n  s c o p e  

a n d  d e t a i l .

In 	 2003, 	 the	 publ ication 	 of	 the	 ISO	 1 51 56	 series	 and 	 NACE	 MR01 75/ISO	 1 51 56	 was	 completed 	 for	 the	 frst	 time. 	 These	

t e c h n i c a l l y  i d e n t i c a l  d o c u m e n t s  u t i l i z e d  t h e  a b o v e  s o u rc e s  t o  p ro v i d e  re q u i re m e n t s  a n d  re c o m m e n d a t i o n s  fo r m a t e ri a l s  

qualifcation 	 and 	 selection 	 for	 application 	 in 	 environments	 containing 	 wet	 H
2

S  i n  o i l  a n d  g a s  p ro d u c t i o n  s y s t e m s .  T h e y  

a re  c o m p l e m e n t e d  b y  N AC E  T M 0 1 7 7  a n d  N AC E  T M 0 2 8 4  t e s t  m e t h o d s .

T h e  re v i s i o n  o f t h i s  d o c u m e n t ,  i . e . ,  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 ,  i n v o l v e s  a  c o n s o l i d a t i o n  o f a l l  c h a n g e s  a g re e d  

a n d  p u b l i s h e d  i n  t h e  Te c h n i c a l  C i rc u l a r 1 ,  I S O  1 5 1 5 6 - 3 : 2 0 1 5 /C i r. 1 : 2 0 1 6 ,  t h e  Te c h n i c a l  C i rc u l a r 2 ,  I S O  1 5 1 5 6 - 3 : 2 0 1 5 /

C i r. 2 : 2 0 1 8  a n d  t h e  Te c h n i c a l  C i rc u l a r 3 ,  I S O  1 5 1 5 6 - 3 : 2 0 1 5 / C i r. 3 : 2 0 1 9 ,  p u b l i s h e d  b y  t h e  I S O  1 5 1 5 6  s e ri e s  M a i n t e n a n c e  

A g e n c y  s e c re t a ri a t  a t  D I N .

T h e  c h a n g e s  w e re  d e v e l o p e d  b y,  a n d  a p p ro v e d  b y  t h e  b a l l o t  o f,  re p re s e n t a t i v e  g ro u p s  fro m  w i t h i n  t h e  o i l  a n d  g a s  p ro -

d u c t i o n  i n d u s t ry.  T h e  g re a t  m a j o ri t y  o f t h e s e  c h a n g e s  s t e m  fro m  i s s u e s  ra i s e d  b y  d o c u m e n t  u s e rs .  A d e s c ri p t i o n  o f t h e  

p ro c e s s  b y  w h i c h  t h e s e  c h a n g e s  w e re  a p p ro v e d  c a n  b e  fo u n d  a t  t h e  I S O  1 5 1 5 6  s e ri e s  m a i n t e n a n c e  w e b s i t e :  w w w. i s o .

o rg /i s o 1 5 1 5 6 m a i n t e n a n c e .

W h e n  fo u n d  n e c e s s a ry  b y  o i l  a n d  g a s  p ro d u c t i o n  i n d u s t ry  e x p e rt s ,  fu t u re  i n t e ri m  c h a n g e s  t o  t h i s  d o c u m e n t  w i l l  b e  

p ro c e s s e d  i n  t h e  s a m e  w a y  a n d  w i l l  l e a d  t o  i n t e ri m  u p d a t e s  t o  t h i s  d o c u m e n t  i n  t h e  fo rm  o f Te c h n i c a l  C o rri g e n d a  o r 

Te c h n i c a l  C i rc u l a rs .  D o c u m e n t  u s e rs  s h o u l d  b e  a w a re  t h a t  s u c h  d o c u m e n t s  c a n  e x i s t  a n d  c a n  i m p a c t  t h e  v a l i d i t y  o f t h e  

d a t e d  re fe re n c e s  i n  t h i s  d o c u m e n t .

T h e  I S O  1 5 1 5 6  s e ri e s  M a i n t e n a n c e  Ag e n c y  a t  D I N  w a s  s e t  u p  a ft e r a p p ro v a l  b y  t h e  I S O  Te c h n i c a l  M a n a g e m e n t  B o a rd  

g i v e n  i n  d o c u m e n t  3 4 /2 0 0 7 .  T h i s  d o c u m e n t  d e s c ri b e s  t h e  m a k e u p  o f t h e  a g e n c y,  w h i c h  i n c l u d e s  e x p e rt s  fro m  AM P P,  

E F C ,  a n d  I S O /T C  6 7 ,  a n d  t h e  p ro c e s s  fo r a p p ro v a l  o f a m e n d m e n t s .  I t  i s  a v a i l a b l e  fro m  t h e  I S O  1 5 1 5 6  s e ri e s  m a i n -

t e n a n c e  w e b s i t e  a n d  fro m  t h e  I S O /T C  6 7  S e c re t a ri a t .  T h e  w e b s i t e  a l s o  p ro v i d e s  a c c e s s  t o  re l a t e d  d o c u m e n t s  t h a t  

p ro v i d e  m o re  d e t a i l  o f t h e  I S O  1 5 1 5 6  s e ri e s  m a i n t e n a n c e  a c t i v i t i e s .
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P a rt  3 - 7

P e t ro l e u m  a n d  n a t u ra l  g a s  i n d u s t ri e s  — M a t e ri a l s  fo r u s e  i n  H
2

S - c o n t a i n i n g  

e n v i ro n m e n t s  i n  o i l  a n d  g a s  p ro d u c t i o n  — P a rt  3 :  C ra c k i n g - re s i s t a n t  C R A s  

( c o rro s i o n - re s i s t a n t  a l l o y s )  a n d  o t h e r a l l o y s

WA R N I N G  —  C R A s  ( c o rro s i o n - re s i s t a n t  a l l o y s )  a n d  o t h e r a l l o y s  s e l e c t e d  u s i n g  t h i s  d o c u m e n t  a re  re s i s t a n t  t o  

cracking 	 in 	 defned 	 H
2

S - c o n t a i n i n g  e n v i ro n m e n t s  i n  o i l  a n d  g a s  p ro d u c t i o n ,  b u t  n o t  n e c e s s a ri l y  i m m u n e  t o  c ra c k i n g  

u n d e r a l l  s e rv i c e  c o n d i t i o n s .  I t  i s  t h e  e q u i p m e n t  u s e r ’ s  re s p o n s i b i l i t y  t o  s e l e c t  t h e  C R A s  a n d  o t h e r a l l o y s  s u i t a b l e  

fo r t h e  i n t e n d e d  s e rv i c e .

1 :   S c o p e

This	 document	 gives	 requirements	 and 	 recommendations	 for	 the	 selection 	 and 	 qual ifcation 	 of	 CRAs	 (corrosion-resis-

t a n t  a l l o y s )  a n d  o t h e r a l l o y s  fo r s e rv i c e  i n  e q u i p m e n t  u s e d  i n  o i l  a n d  n a t u ra l  g a s  p ro d u c t i o n  a n d  n a t u ra l  g a s  t re a t m e n t  

p l a n t s  i n  H
2

S - c o n t a i n i n g  e n v i ro n m e n t s  w h o s e  fa i l u re  c a n  p o s e  a  ri s k  t o  t h e  h e a l t h  a n d  s a fe t y  o f t h e  p u b l i c  a n d  p e rs o n n e l  

o r t o  t h e  e n v i ro n m e n t .  I t  c a n  b e  a p p l i e d  t o  h e l p  a v o i d  c o s t l y  c o rro s i o n  d a m a g e  t o  t h e  e q u i p m e n t  i t s e l f.  I t  s u p p l e m e n t s ,  

b u t  d o e s  n o t  re p l a c e ,  t h e  m a t e ri a l s  re q u i re m e n t s  o f t h e  a p p ro p ri a t e  d e s i g n  c o d e s ,  s t a n d a rd s ,  o r re g u l a t i o n s .

This	 document	 addresses	 the	 resistance	 of	 these	 materials	 to	 damage	 that	 can	 be	 caused	 by	 sulfde	 stress	 cracking	

( S S C ) ,  s t re s s  c o rro s i o n  c ra c k i n g  ( S C C ) ,  a n d  g a l v a n i c a l l y  i n d u c e d  h y d ro g e n  s t re s s  c ra c k i n g  ( G H S C ) .

T h i s  d o c u m e n t  i s  c o n c e rn e d  o n l y  w i t h  c ra c k i n g .  L o s s  o f m a t e ri a l  b y  g e n e ra l  ( m a s s  l o s s )  o r l o c a l i z e d  c o rro s i o n  i s  n o t  

a d d re s s e d .

Ta b l e  1  p ro v i d e s  a  n o n - e x h a u s t i v e  l i s t  o f e q u i p m e n t  t o  w h i c h  t h i s  d o c u m e n t  i s  a p p l i c a b l e ,  i n c l u d i n g  e x c l u s i o n s .

This	 document	 appl ies	 to	 the	 qual ifcation 	 and 	 selection 	 of	 materials	 for	 equipment	 designed	 and 	 constructed 	 using 	

l o a d  c o n t ro l l e d  d e s i g n  m e t h o d s .  F o r d e s i g n  u t i l i z i n g  s t ra i n - b a s e d  d e s i g n  m e t h o d s ,  s e e  AN S I /N AC E  M R 0 1 7 5 - 2 0 2 1 /

I S O  1 5 1 5 6 - 1 : 2 0 2 0 ,  C l a u s e  5 .

This	 document	 is	 not	 necessari ly	 suitable	 for	 application 	 to	 equipment	 used 	 in 	 refning 	 or	 downstream	 processes	 and 	

e q u i p m e n t .
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P a rt  3 - 8

Ta b l e  1  — L i s t  o f e q u i p m e n t

T h i s  d o c u m e n t  i s  a p p l i c a b l e  t o  m a t e ri a l s  u s e d  fo r t h e  

fo l l o w i n g  e q u i p m e n t

E x c l u s i o n s

D ri l l i n g ,  w e l l  c o n s t ru c t i o n ,  a n d  w e l l - s e rv i c i n g  

e q u i p m e n t

Equipment	 exposed	 only	 to	 dri l l ing 	 fuids	 of	 control led 	

c o m p o s i t i o n a

D ri l l  b i t s

B l o w o u t - p re v e n t e r ( B O P )  s h e a r b l a d e s b

D ri l l i n g  ri s e r s y s t e m s

Wo rk  s t ri n g s

W i re l i n e  a n d  w i re l i n e  e q u i p m e n t c

S u rfa c e  a n d  i n t e rm e d i a t e  c a s i n g

We l l s  i n c l u d i n g  s u b s u rfa c e  e q u i p m e n t ,  g a s  l i ft  

e q u i p m e n t ,  w e l l h e a d s ,  a n d  c h ri s t m a s  t re e s

S u c k e r ro d  p u m p s  a n d  s u c k e r ro d s d

E l e c t ri c  s u b m e rs i b l e  p u m p s

Other	 artifcial 	 l ift	 equipment

S l i p s

Flow-lines, 	 gathering	 l ines, 	 feld 	 facil i ties, 	 and 	 feld  

p ro c e s s i n g  p l a n t s

C ru d e  o i l  s t o ra g e  a n d  h a n d l i n g  fa c i l i t i e s  o p e ra t i n g  a t   a  

t o t a l  a b s o l u t e  p re s s u re  b e l o w  0 . 4 5  M P a  ( 6 5  p s i )

Wa t e r- h a n d l i n g  e q u i p m e n t Wa t e r- h a n d l i n g  fa c i l i t i e s  o p e ra t i n g  a t  a  t o t a l  a b s o l u t e  

p re s s u re  b e l o w  0 . 4 5  M P a  ( 6 5  p s i )

Wa t e r i n j e c t i o n  a n d  w a t e r d i s p o s a l  e q u i p m e n t

N a t u ra l  g a s  t re a t m e n t  p l a n t s —

Tra n s p o rt a t i o n  p i p e l i n e s  fo r l i q u i d s ,  g a s e s ,  a n d  

multi-phase	 fuids

L i n e s  h a n d l i n g  g a s  p re p a re d  fo r g e n e ra l  c o m m e rc i a l  a n d  

d o m e s t i c  u s e

F o r a l l  e q u i p m e n t  a b o v e C o m p o n e n t s  l o a d e d  o n l y  i n  c o m p re s s i o n

a    S e e  A N S I / N A C E  M R 0 1 7 5 - 2 0 2 1 /I S O  1 5 1 5 6 - 2 : 2 0 2 0 ,  A . 2 . 3 . 2 . 3  fo r m o re  i n fo rm a t i o n .
b    S e e  A N S I / N A C E  M R 0 1 7 5 - 2 0 2 1 /I S O  1 5 1 5 6 - 2 : 2 0 2 0 ,  A . 2 . 3 . 2 . 1  fo r m o re  i n fo rm a t i o n .
c    W i re l i n e  l u b ri c a t o rs  a n d  l u b ri c a t o r c o n n e c t i n g  d e v i c e s  a re  n o t  e x c l u d e d .
d    F o r s u c k e r ro d  p u m p s  a n d  s u c k e r ro d s ,  re fe re n c e  c a n  b e  m a d e  t o  N AC E  M R 0 1 7 6 .

2 :   N o rm a t i v e  re fe re n c e s

T h e  fo l l o w i n g  d o c u m e n t s  a re  re fe rre d  t o  i n  t h e  t e x t  i n  s u c h  a  w a y  t h a t  s o m e  o r a l l  o f t h e i r c o n t e n t  c o n s t i t u t e s  re q u i re -

m e n t s  o f t h i s  d o c u m e n t .  F o r d a t e d  re fe re n c e s ,  o n l y  t h e  e d i t i o n  c i t e d  a p p l i e s .  F o r u n d a t e d  re fe re n c e s ,  t h e  l a t e s t  e d i t i o n  

o f t h e  re fe re n c e d  d o c u m e n t  ( i n c l u d i n g  a n y  a m e n d m e n t s )  a p p l i e s .

I S O  6 5 0 7 - 1 ,  Me ta llic m a te ria ls — Vicke rs h a rdn e ss te st — Pa rt 1 :  Te st m e th o d

I S O  6 5 0 8 - 1 ,  Me ta llic m a te ria ls — Ro ckwe ll h a rdn e ss te st — Pa rt 1 :  Te st m e th o d

I S O  6 8 9 2 - 1 ,  Me ta llic m a te ria ls — Te n sile  te stin g — Pa rt 1 :  Me th o d o f te st a t ro o m  te m p e ra ture

I S O  1 0 4 2 3 ,  Pe tro le um  a n d n a tura l ga s in dustrie s — D rillin g a n d p ro ductio n  e q uip m e n t — We llh e a d a n d ch ristm a s tre e  

e q uip m e n t

I S O  1 1 9 6 0 ,  Pe tro le um  a n d n a tura l ga s in dustrie s — Ste e l p ip e s fo r use  a s ca sin g o r tu b in g fo r we lls

AN S I /N AC E  M R 0 1 7 5 - 2 0 2 1 /I S O  1 5 1 5 6 - 1 : 2 0 2 0 ,  Pe tro le um  a n d n a tura l ga s in dustrie s — Ma te ria ls fo r use  in  H
2

S-co n -

ta in in g e n viro n m e n ts in  o il a n d ga s p ro ductio n  — Pa rt 1 :  G e n e ra l p rin cip le s fo r se le ctio n  o f cra ckin g-re sista n t m a te ria ls

AN S I /N AC E  M R0 1 7 5 - 2 0 2 1 /I S O  1 5 1 5 6 - 2 : 2 0 2 0 ,  Pe tro le um  a n d n a tura l ga s in dustrie s — Ma te ria ls for use  in  H
2

S-co n ta in in g 

e n viron m e n ts in  oil a n d ga s p roduction  — Pa rt 2:  Cra ckin g-re sista n t ca rb o n  a n d lo w a lloy ste e ls,  a n d th e  use  of ca st iro n s

A S T M  A 7 4 7 /A7 4 7 M 1 ,  Sta n da rd Sp e cifca tio n  fo r Ste e l Ca stin gs,  Sta in le ss,  Pre cip ita tio n  Ha rde n in g

1   AS T M  I n te r n a t i o n a l  ( AS T M ) ,  1 0 0  B a r r  H a r b o r  D r i ve ,  P O  B o x  C 7 0 0 ,  We s t  C o n s h o h o c ke n ,  PA  1 9 4 2 8 - 2 9 5 9 ,  U S A ,  w w w. a s t m . o rg .
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AS T M  E 2 9 ,  Sta n da rd Pra ctice  fo r Usin g Sign ifca n t D igits in  Te st D a ta  to  D e te rm in e  Co nfo rm a n ce  with  Sp e cifca tio n s

AS T M  E 5 6 2 ,  Sta n da rd Te st Me th o d fo r D e te rm in in g Vo lum e  Fra ctio n  b y Syste m a tic Ma n ua l Po in t Co un t

E F C  P u b l i c a t i o n  1 7 2 ,  Co rro sio n  re sista n t a llo ys fo r o il a n d ga s p ro ductio n :  guide lin e s o n  ge n e ra l re q uire m e n ts a n d te st 

m e th o ds fo r H
2

S se rvice

N A C E  C O R R O S I O N /9 5  P a p e r 4 7 ,  Te st m e th o do lo gy fo r e le m e n ta l sulfur-re sista n t a dva n ce d m a te ria ls fo r o il a n d ga s 

fe ld e q uip m e n t

N A C E  T M 0 1 7 7 : 2 0 1 6 ,  L a b o ra to ry te stin g of m e ta ls fo r re sista n ce  to  su lfde  stre ss cra ckin g a n d stre ss co rro sio n  cra ck-

in g in  H
2

S e n viro n m e n ts

S AE  AM S - 2 4 3 0 3 ,  Sh o t Pe e n in g

SAE	 —	 ASTM, 	 Metals	 and 	 al loys	 in 	 the	 Unifed 	 Numbering 	 System

3 :   Te rm s  a n d  d e f n i t i o n s

For	 the	 purposes	 of	 this	 document, 	 the	 terms	 and 	 defnitions	 given	 in 	 ANSI/NACE	 MR01 75/ISO	 1 51 56-1 , 	 ANSI/NACE	

M R 0 1 7 5 /I S O  1 5 1 5 6 - 2  a n d  t h e  fo l l o w i n g  a p p l y.

3 . 1  a g i n g

 c h a n g e  i n  m e t a l l u rg i c a l  p ro p e rt i e s  t h a t  g e n e ra l l y  o c c u rs  s l o w l y  a t  ro o m  t e m p e ra t u re  ( n a t u ra l  a g i n g )  a n d  m o re  

rapidly	 at	 higher	 temperature	 (artifcial 	 ageing)

3 . 2  a n n e a l

 heat	 to	 and 	 hold 	 at	 a	 temperature	 appropriate	 for	 the	 specifc	 material 	 and 	 then	 cool 	 at	 a	 suitable	 rate	 for	 such	

p u rp o s e s  a s  re d u c i n g  h a rd n e s s ,  i m p ro v i n g  m a c h i n e a b i l i t y,  o r o b t a i n i n g  d e s i re d  p ro p e rt i e s

3 . 3  a u s t e n i t e

 fa c e - c e n t e re d  c u b i c  c ry s t a l l i n e  p h a s e  o f i ro n - b a s e d  a l l o y s

3 . 4  d u p l e x  s t a i n l e s s  s t e e l

 a u s t e n i t i c /fe rri t i c  s t a i n l e s s  s t e e l

 sta in le ss ste e l ( 3 . 1 3 )  w h o s e  m i c ro s t ru c t u re  a t  ro o m  t e m p e ra t u re  c o n s i s t s  p ri m a ri l y  o f a  m i x t u re  o f a uste n ite  

( 3 . 3 )  a n d  fe rrite  ( 3 . 5 )

3 . 5  fe rri t e

 b o d y - c e n t e re d  c u b i c  c ry s t a l l i n e  p h a s e  o f i ro n - b a s e d  a l l o y s

3 . 6  fe rri t i c  s t a i n l e s s  s t e e l

 sta in le ss ste e l ( 3 . 1 3 )  w h o s e  m i c ro s t ru c t u re  a t  ro o m  t e m p e ra t u re  c o n s i s t s  p re d o m i n a n t l y  o f fe rrite  ( 3 . 5 )

3 . 7  g a l v a n i c a l l y  i n d u c e d  h y d ro g e n  s t re s s  c ra c k i n g  ( G H S C )

 c ra c k i n g  t h a t  re s u l t s  d u e  t o  t h e  p re s e n c e  o f h y d ro g e n  i n  a  m e t a l  i n d u c e d  i n  t h e  c a t h o d e  o f a  g a l v a n i c  c o u p l e  

a n d  t e n s i l e  s t re s s  ( re s i d u a l  a n d /o r a p p l i e d )

3 . 8  m a rt e n s i t e

 h a rd ,  s u p e rs a t u ra t e d  s o l i d  s o l u t i o n  o f c a rb o n  i n  i ro n  c h a ra c t e ri z e d  b y  a n  a c i c u l a r ( n e e d l e - l i k e )  m i c ro s t ru c t u re

3 . 9  m a rt e n s i t i c  s t e e l

 s t e e l  i n  w h i c h  a  m i c ro s t ru c t u re  o f m a rte n site  ( 3 . 8 )  c a n  b e  a t t a i n e d  b y  q u e n c h i n g  a t  a  c o o l i n g  ra t e  fa s t  e n o u g h  

t o  a v o i d  t h e  fo rm a t i o n  o f o t h e r m i c ro s t ru c t u re s

2   E u ro p e a n  F e d e ra t i o n  of C o r ro s i o n  ( E F C ) ,  c /o  T h e  I n s t i t u te  of M a te r i a l s ,  1  C a r l to n  H o u s e  Te r ra c e ,  L o n d o n  S W 1 Y  5 D B ,  U K ,  w w w. efc we b . o rg .
3   S o c i e t y  of Au to m o t i ve  E n g i n e e r s  ( S A E ) ,  4 0 0  C o m m o n we a l t h  D r i ve ,  Wa r re n d a l e ,  PA  1 5 0 9 6 - 0 0 0 1 ,  U S A ,  w w w. s a e . o rg .
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3 . 1 0  p i t t i n g - re s i s t a n c e  e q u i v a l e n t  n u m b e r ( P R E N )

 F
P R E N

 number	 developed	 to	 refect	 and 	 predict	 the	 pitting 	 resistance	 of	 a 	 CRA	 based	 upon 	 the	 proportions	 of	 the	

e l e m e n t s  C r,  M o ,  W,  a n d  N  i n  t h e  c h e m i c a l  c o m p o s i t i o n  o f t h e  a l l o y

 N o t e  1  t o  e n t ry :  S e e  6 . 3  fo r fu rt h e r i n fo rm a t i o n .

3 . 1 1  p ro d u c t i o n  e n v i ro n m e n t

 natural 	 occurring 	 produced	 fuids	 without	 contamination 	 from	 chemicals	 that	 wi l l 	 temporari ly	 or	 continuously	

re d u c e  t h e  i n  s i t u  p H

 N o t e  1  t o  e n t ry :  F l o w  b a c k  o f c h e m i c a l s  fo r s t i m u l a t i o n  a n d  s c a l e  re m o v a l  m a y  t e m p o ra ri l y  re d u c e  t h e  p H  

signifcantly	 and 	 some	 continuously	 injected 	 chemicals, 	 such	 as	 scale	 inhibitors, 	 can 	 continuously	 reduce	 pH.

3 . 1 2  s o l i d  s o l u t i o n

 s i n g l e  c ry s t a l l i n e  p h a s e  c o n t a i n i n g  t w o  o r m o re  e l e m e n t s

3 . 1 3  s t a i n l e s s  s t e e l

 s t e e l  c o n t a i n i n g  1 0 . 5  %  m a s s  fra c t i o n  o r m o re  c h ro m i u m ,  p o s s i b l y  w i t h  o t h e r e l e m e n t s  a d d e d  t o  s e c u re  s p e -

c i a l  p ro p e rt i e s

4 :   S y m b o l s  a n d  a b b re v i a t e d  t e rm s

AYS  a c t u a l  y i e l d  s t re n g t h

b a l  b a l a n c e  o f c o m p o s i t i o n  u p  t o  1 0 0  %

B O P  b l o w o u t  p re v e n t e r

C R  c - ri n g

C R A c o rro s i o n - re s i s t a n t  a l l o y

D C B  d o u b l e  c a n t i l e v e r b e a m  ( t e s t )

F P B  fo u r- p o i n t  b e n d  ( t e s t )

G H S C  g a l v a n i c a l l y  i n d u c e d  h y d ro g e n  s t re s s  c ra c k i n g  

H A Z  h e a t - a ffe c t e d  z o n e

H B W  B ri n e l l  h a rd n e s s

H I C  h y d ro g e n - i n d u c e d  c ra c k i n g

H I P  h o t  i s o s t a t i c a l l y  p re s s e d

H R B  R o c k w e l l  h a rd n e s s  ( s c a l e  B )

H R C  R o c k w e l l  h a rd n e s s  ( s c a l e  C )

H S C  h y d ro g e n  s t re s s  c ra c k i n g

H V  Vi c k e rs  h a rd n e s s

N D S  n o  d a t a  s u b m i t t e d

pC O
2

 p a rt i a l  p re s s u re  o f C O
2

pH
2

S  p a rt i a l  p re s s u re  o f H
2

S

P R E N  p i t t i n g - re s i s t a n c e  e q u i v a l e n t  n u m b e r

P WH T  p o s t - w e l d  h e a t  t re a t m e n t

R S RT  ri p p l e d  s t ra i n  ra t e  t e s t

S
0

 e l e m e n t a l  s u l fu r

S C C  s t re s s - c o rro s i o n  c ra c k i n g

S M Y S  specifed 	 minimum	 yield 	 strength

S O H I C  s t re s s - o ri e n t e d  h y d ro g e n - i n d u c e d  c ra c k i n g

S S C  sulfde	 stress	 cracking

S S R T  s l o w  s t ra i n  ra t e  t e s t

S Z C  s o ft - z o n e  c ra c k i n g

U N S  unifed 	 (al loy)	 numberi n g  s y s t e m

U T  u n i a x i a l  t e n s i l e  ( t e s t )
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5 :   F a c t o rs  a ffe c t i n g  t h e  c ra c k i n g - re s i s t a n c e  o f C R A s   

a n d  o t h e r a l l o y s  i n  H
2

S - c o n t a i n i n g  e n v i ro n m e n t s

T h e  c ra c k i n g  b e h a v i o r o f C R A s  a n d  o t h e r a l l o y s  i n  H
2

S - c o n t a i n i n g  e n v i ro n m e n t s  c a n  b e  a ffe c t e d  b y  c o m p l e x  i n t e ra c -

t i o n s  o f p a ra m e t e rs  i n c l u d i n g  t h e  fo l l o w i n g :

—	 chemical 	 composition, 	 strength, 	 heat	 treatment, 	 microstructure, 	 method 	 of	 manufacture, 	 and 	 fnished	 condition 	 of	

t h e  m a t e ri a l ;

— H
2

S  p a rt i a l  p re s s u re  o r e q u i v a l e n t  d i s s o l v e d  c o n c e n t ra t i o n  i n  t h e  w a t e r p h a s e ;

— a c i d i t y  ( i n  s i t u  p H )  o f t h e  w a t e r p h a s e ;

— c h l o ri d e  o r o t h e r h a l i d e  i o n  c o n c e n t ra t i o n ;

— p re s e n c e  o f o x y g e n ,  s u l fu r,  o r o t h e r o x i d a n t s ;

— e x p o s u re  t e m p e ra t u re ;

— p i t t i n g  re s i s t a n c e  o f t h e  m a t e ri a l  i n  t h e  s e rv i c e  e n v i ro n m e n t ;

— g a l v a n i c  e ffe c t s ;

— t o t a l  t e n s i l e  s t re s s  ( a p p l i e d  p l u s  re s i d u a l ) ;

— e x p o s u re  t i m e .

T h e s e  fa c t o rs  s h a l l  b e  c o n s i d e re d  w h e n  u s i n g  t h i s  d o c u m e n t  fo r t h e  s e l e c t i o n  o f m a t e ri a l s  s u i t a b l e  fo r e n v i ro n m e n t s  

c o n t a i n i n g  H
2

S  i n  o i l  a n d  g a s  p ro d u c t i o n  s y s t e m s .

6 :   Q u a l i f c a t i o n  a n d  s e l e c t i o n  of C R A s  a n d  o t h e r a l l o y s   

w i t h  re s p e c t  t o  S S C ,  S C C ,  a n d  G H S C  i n  H
2

S - c o n t a i n i n g  e n v i ro n m e n t s

6 . 1  G e n e ra l

 C R As  a n d  o t h e r a l l o y s  s h a l l  b e  s e l e c t e d  fo r t h e i r re s i s t a n c e  t o  S S C ,  S C C ,  a n d /o r G H S C  a s  re q u i re d  b y  t h e  

i n t e n d e d  s e rv i c e .

 Conformance	 of	 a 	 CRA	 or	 other	 al loy	 with 	 this	 document	 implies	 cracking-resistance	 within 	 defned	 environ-

m e n t a l  s e rv i c e  l i m i t s .  T h e s e  l i m i t s  a re  d e p e n d e n t  o n  t h e  m a t e ri a l  t y p e  o r t h e  i n d i v i d u a l  a l l o y.

 To	 enable	 qual ifcation 	 and/or	 selection 	 of	 CRAs	 and 	 other	 al loys, 	 the	 equipment	 purchaser	 can	 be	 required 	 to	

p ro v i d e  i n fo rm a t i o n  o n  t h e  p ro p o s e d  c o n d i t i o n s  o f e x p o s u re  t o  t h e  e q u i p m e n t  s u p p l i e r.

 In 	 defning	 the	 severity	 of	 H
2

S - c o n t a i n i n g  e n v i ro n m e n t s ,  e x p o s u re s  t h a t  c a n  o c c u r d u ri n g  s y s t e m  u p s e t s  o r 

s h u t d o w n s ,  e t c .  s h a l l  a l s o  b e  c o n s i d e re d .  S u c h  e x p o s u re s  c a n  i n c l u d e  u n b u ffe re d ,  l o w  p H  c o n d e n s e d  w a t e r.  

T h e  l i m i t s  g i v e n  i n  t h e  t a b l e s  i n  A n n e x  A a re  fo r p ro d u c t i o n  e n v i ro n m e n t s  a n d  d o  n o t  c o v e r c o n d i t i o n s  o c c u rri n g  

during 	 injection 	 or	 fowback	 of	 chemicals	 that	 can	 reduce	 the	 in 	 situ 	 pH.

 C R As  a n d  o t h e r a l l o y s  s h a l l  b e  s e l e c t e d  u s i n g  An n e x  A	 or	 following	 qual ifcation 	 by	 successful 	 laboratory	 test-

i n g  i n  a c c o rd a n c e  w i t h  An n e x  B. 	 Qualifcation 	 based	 on 	 satisfactory	 feld 	 experience	 is	 also	 acceptable. 	 Such	

qual ifcation 	 shal l 	 conform	 with 	 ANSI/NACE	 MR01 75/ISO	 1 51 56-1 .

 I n  An n e x  A, 	 materials	 are	 identifed 	 by	 materials	 groups. 	 Within 	 each	 group, 	 al loys	 are	 identifed 	 by	 materials	

t y p e  ( w i t h i n  c o m p o s i t i o n a l  l i m i t s )  o r a s  i n d i v i d u a l  a l l o y s .  Ac c e p t a b l e  m e t a l l u rg i c a l  c o n d i t i o n s  a n d  e n v i ro n m e n -
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t a l  l i m i t s  a re  g i v e n  fo r w h i c h  a l l o y s  a re  e x p e c t e d  t o  re s i s t  c ra c k i n g .  E n v i ro n m e n t a l  l i m i t s  a re  g i v e n  fo r H
2

S  

p a rt i a l  p re s s u re ,  t e m p e ra t u re ,  c h l o ri d e  c o n c e n t ra t i o n ,  a n d  e l e m e n t a l  s u l fu r.

 A	 CRA	 or	 other	 al loy	 can	 be	 qual ifed 	 by	 testing 	 for	 use	 under	 operating 	 conditions	 that	 are	 more	 severe	 than	

t h e  e n v i ro n m e n t a l  l i m i t s  g i v e n  i n  An n e x  A. 	 Similarly, 	 a	 CRA	 or	 other	 al loy	 can	 be	 qual ifed 	 for	 use	 in 	 different	

m e t a l l u rg i c a l  c o n d i t i o n s  ( h i g h e r s t re n g t h ,  a l t e rn a t i v e  h e a t  t re a t m e n t ,  e t c . )  t o  t h o s e  g i v e n  i n  An n e x  A.

 The	 documentation 	 of	 qual ifcations	 performed	 in 	 accordance	 with 	 An n e x  B  s h a l l  m e e t  t h e  re q u i re m e n t s  i n  

A N S I /N AC E  M R 0 1 7 5 - 2 0 2 1 /I S O  1 5 1 5 6 - 1 : 2 0 2 0 ,  C l a u s e  9 .

 The	 equipment	 user	 shal l 	 verify	 qual ifcations	 (see	 B . 2 . 2 )  a n d  re t a i n  d o c u m e n t a t i o n  s u p p o rt i n g  t h e  m a t e ri a l s  

s e l e c t i o n s  m a d e .

6 . 2  E v a l u a t i o n  o f m a t e ri a l s  p ro p e rt i e s

6 . 2 . 1  H a rd n e s s  o f p a re n t  m e t a l s

 I f	 hardness	 measurements	 on 	 parent	 metal 	 are	 specifed, 	 suffcient	 hardness	 tests	 shal l 	 be	 made	

t o  e s t a b l i s h  t h e  a c t u a l  h a rd n e s s  o f t h e  C R A o r o t h e r a l l o y  b e i n g  e x a m i n e d .  I n d i v i d u a l  H R C  re a d -

i n g s  e x c e e d i n g  t h e  v a l u e  p e rm i t t e d  b y  t h i s  d o c u m e n t  m a y  b e  c o n s i d e re d  a c c e p t a b l e  i f t h e  a v e r-

a g e  o f s e v e ra l  re a d i n g s  t a k e n  w i t h i n  c l o s e  p ro x i m i t y  d o e s  n o t  e x c e e d  t h e  v a l u e  p e rm i t t e d  b y  t h i s  

document	 and 	 no	 individual 	 reading	 is	 greater	 than	 2 	 HRC	 above	 the	 specifed 	 value. 	 Equivalent	

requirements	 shal l 	 apply	 to	 other	 methods	 of	 hardness	 measurement	 when	 specifed 	 in 	 this	 docu-

ment	 or	 referenced	 in 	 a	 manufacturing 	 specifcation.

 T h e  c o n v e rs i o n  o f h a rd n e s s  re a d i n g s  t o  o r fro m  o t h e r s c a l e s  i s  m a t e ri a l - d e p e n d e n t .  T h e  u s e r m a y  

e s t a b l i s h  t h e  re q u i re d  c o n v e rs i o n  t a b l e s .

N O T E  The	 number	 and 	 location 	 of	 hardness	 tests	 on 	 parent	 metal 	 are	 not	 specifed 	 in 	

A N S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6  ( a l l  p a rt s ) .

6 . 2 . 2  C ra c k i n g - re s i s t a n c e  p ro p e rt i e s  o f w e l d s

6 . 2 . 2 . 1  G e n e ra l

 T h e  m e t a l l u rg i c a l  c h a n g e s  t h a t  o c c u r w h e n  w e l d i n g  C R As  a n d  o t h e r a l l o y s  c a n  a f-

fe c t  t h e i r s u s c e p t i b i l i t y  t o  S S C ,  S C C ,  a n d /o r G H S C .  We l d e d  j o i n t s  c a n  h a v e  a  g re a t -

e r s u s c e p t i b i l i t y  t o  c ra c k i n g  t h a n  t h e  p a re n t  m a t e ri a l ( s )  j o i n e d .

 T h e  e q u i p m e n t  u s e r m a y  a l l o w  t h e  c ra c k i n g  s u s c e p t i b i l i t y  o f w e l d m e n t s  t o  g o v e rn  

t h e  l i m i t s  o f s a fe  s e rv i c e  c o n d i t i o n s  fo r a  fa b ri c a t e d  s y s t e m .

 P ro c e s s e s  a n d  c o n s u m a b l e s  u s e d  i n  w e l d i n g  s h o u l d  b e  s e l e c t e d  i n  a c c o rd a n c e  w i t h  

g o o d  p ra c t i c e  a n d  t o  a c h i e v e  t h e  re q u i re d  c o rro s i o n  a n d  c ra c k i n g  re s i s t a n c e s .

 We l d i n g  s h a l l  b e  c a rri e d  o u t  i n  c o n fo rm a n c e  w i t h  a p p ro p ri a t e  c o d e s  a n d  s t a n d a rd s  

as	 agreed	 between	 the	 supplier	 and 	 the	 purchaser. 	 Welding 	 procedure	 specifca-

tions	 (WPSs)	 and 	 procedure	 qual ifcation 	 records	 (PQRs)	 shal l 	 be	 available	 for	 in-

s p e c t i o n  b y  t h e  e q u i p m e n t  u s e r.

 We l d i n g  P Q R s  s h a l l  i n c l u d e  d o c u m e n t e d  e v i d e n c e  d e m o n s t ra t i n g  s a t i s fa c t o ry  

c ra c k i n g  re s i s t a n c e  u n d e r c o n d i t i o n s  a t  l e a s t  a s  s e v e re  a s  t h o s e  o f t h e  p ro p o s e d  

a p p l i c a t i o n .  S u c h  e v i d e n c e  s h a l l  b e  b a s e d  u p o n  o n e  o r m o re  o f t h e  fo l l o w i n g :

—	 conformance	 with 	 the	 requirements	 and 	 recommendations	 for	 the	 specifc	

m a t e ri a l s  g ro u p  o f An n e x  A ( s e e  a l s o  6 . 2 . 2 . 2  a n d  6 . 2 . 2 . 3 ) ;
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—	 weld 	 cracking-resistance	 qual ifcation 	 testing 	 in 	 accordance	 with 	 An n e x  B ;

—	 documented 	 feld 	 experience	 modelled 	 upon	 that	 specifed 	 for	 parent	 materi-

a l s  i n  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 1 .

 T h e  re q u i re m e n ts  a n d  re co m m e n d a ti o n s  g i v e n  i n  An n e x  A m i g h t n o t b e  a p p ro p ri a t e  fo r 

a l l  co m b i n a ti o n s  o f p a re n t  a n d  w e l d  m e ta l s  u s e d  i n  th e  fa b ri ca ti o n  o f e q u i p m e n t  a n d  

co m p o n e n ts .  T h e  e q u i p m e n t u s e r m a y re q u i re  e v i d e n c e  o f s u c ce s s fu l  cra c ki n g - re s i s -

tance	 testing	 as	 part	 of	 the	 welding	 procedure	 qualifcation	 to	 ensure	 the	 weldment	

p ro d u ce d  p ro v i d e s  a d e q u a te  re s i s ta n ce  to  S S C ,  S C C ,  a n d  G H S C  fo r th e  a p p l i ca t i o n .

6 . 2 . 2 . 2  Qualifcation	 of	 welding	 procedures	 in 	 accordance	 with	 An n e x  A b a s e d  u p o n  h a rd n e s s

6 . 2 . 2 . 2 . 1  G e n e ra l   

 The	 qual ifcation 	 of	 welding 	 procedures	 for	 sour	 service	 shal l , 	 if	

specifed 	 in 	 Annex	 A, 	 include	 hardness	 testing 	 in 	 accordance	 with 	

6 . 2 . 2 . 2 . 2 ,  6 . 2 . 2 . 2 . 3  a n d  6 . 2 . 2 . 2 . 4 .

6 . 2 . 2 . 2 . 2  Hardness	 testing 	 methods	 for	 welding 	 procedure	 qual ifcation

 U n l e s s  o t h e rw i s e  a p p ro v e d  b y  t h e  u s e r,  h a rd n e s s  t e s t i n g  fo r w e l d i n g  

procedure	 qual ifcation 	 shal l 	 be	 carried 	 out	 using 	 Vickers	 HV	 1 0	 or	

H V  5  m e t h o d s  i n  a c c o rd a n c e  w i t h  I S O  6 5 0 7 1  o r t h e  R o c k w e l l  1 5 N  

m e t h o d  i n  a c c o rd a n c e  w i t h  I S O  6 5 0 8 1 .

N O T E  F o r t h e  p u rp o s e s  o f t h i s  d o c u m e n t ,  AS T M  E 3 8 4  i s  

e q u i v a l e n t  t o  I S O  6 5 0 7 1  a n d  AS T M  E 1 8  i s  e q u i v a l e n t  

t o  I S O  6 5 0 8 1 .

6 . 2 . 2 . 2 . 3  Hardness	 surveys	 for	 welding 	 procedure	 qual ifcation

 Hardness	 surveys	 for	 butt	 welds, 	 f l let	 welds, 	 repair, 	 and 	 partial 	 pen-

e t ra t i o n  w e l d s  a n d  o v e rl a y  w e l d s  s h a l l  b e  c a rri e d  o u t  a s  d e s c ri b e d  i n  

AN S I /N AC E  M R 0 1 7 5 - 2 0 2 1 /I S O  1 5 1 5 6 - 2 : 2 0 2 0 ,  7 . 3 . 3 . 3 .

6 . 2 . 2 . 2 . 4  H a rd n e s s  a c c e p t a n c e  c ri t e ri a  fo r w e l d s

 We l d  h a rd n e s s  a c c e p t a n c e  c ri t e ri a  fo r C R As  o r o t h e r a l l o y s  g i v e n  i n  

An n e x  A s h a l l  a p p l y  t o  a l l o y s  s e l e c t e d  u s i n g  An n e x  A.

 H a rd n e s s  a c c e p t a n c e  c ri t e ri a  c a n  a l s o  b e  e s t a b l i s h e d  fro m  s u c c e s s -

fu l  c ra c k i n g - re s i s t a n c e  t e s t i n g  o f w e l d e d  s a m p l e s .  Te s t i n g  s h a l l  b e  i n  

a c c o rd a n c e  w i t h  An n e x  B .

6 . 2 . 2 . 3  Qualifcation 	 of	 welding 	 procedures	 in 	 accordance	 with 	 Annex	 A	 by	 other	 means	 of	

t e s t i n g

 W h e re  a p p ro p ri a t e ,  re q u i re m e n t s  a n d  re c o m m e n d a t i o n s  t o  e n s u re  a d e q u a t e  c ra c k -

i n g - re s i s t a n c e  o f w e l d s  u s i n g  o t h e r m e a n s  o f t e s t i n g  a re  p ro v i d e d  i n  t h e  m a t e ri a l s  

g ro u p s  o f An n e x  A.

6 . 2 . 3  C ra c k i n g - re s i s t a n c e  p ro p e rt i e s  a s s o c i a t e d  w i t h  o t h e r fa b ri c a t i o n  m e t h o d s

 F o r C R As  a n d  o t h e r a l l o y s  t h a t  a re  s u b j e c t  t o  m e t a l l u rg i c a l  c h a n g e s  c a u s e d  b y  fa b ri c a t i o n  m e t h -

ods	 other	 than	 welding, 	 cracking-resistance	 qual ifcation 	 testing 	 of	 the	 material 	 affected 	 by	 fabri-

cation 	 shal l 	 be	 specifed 	 as	 part	 of	 the	 qual ifcation 	 of	 the	 fabrication 	 process.
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 Qualifcation 	 testing 	 shall 	 be	 specifed 	 as	 part	 of	 the	 qual ifcation 	 of	 burning 	 and 	 cutting 	 processes	

if	 any	 HAZ	 remains	 in 	 the	 fnal 	 product.

 T h e  re q u i re m e n t s  a n d  a c c e p t a n c e  c ri t e ri a  o f 6 . 2 . 2 	 shall 	 apply	 to	 the	 qual ifcation 	 testing 	 of	 both 	

fa b ri c a t i o n  m e t h o d s  a n d  b u rn i n g /c u t t i n g  p ro c e s s e s  s u b j e c t  t o  t h e  s u i t a b l e  i n t e rp re t a t i o n  o f t h e  

h a rd n e s s  s u rv e y  re q u i re m e n t s  o f 6 . 2 . 2 . 2 . 3  fo r t h e  fa b ri c a t i o n  m e t h o d  o r b u rn i n g /c u t t i n g  p ro c e s s .

 T h e  fo rm  a n d  l o c a t i o n  o f t h e  s a m p l e s  u s e d  fo r e v a l u a t i o n  a n d  t e s t i n g  s h a l l  b e  a c c e p t a b l e  t o  t h e  

e q u i p m e n t  u s e r.

6 . 3  P R E N

 F o r t h e  p u rp o s e  o f d e t e rm i n i n g  c o n fo rm a n c e  w i t h  t h e  re q u i re m e n t s  o f t h i s  d o c u m e n t ,  a l l  FP R E N  
l imits	 specifed 	

in 	 this	 document	 shal l 	 be	 considered 	 absolute	 l imits	 as	 defned	 in 	 ASTM	 E29. 	 With 	 the	 absolute	 method, 	 an 	

observed	 value	 or	 a	 calculated 	 value	 is	 not	 to	 be	 rounded, 	 but	 is	 to	 be	 compared	 directly	 with 	 the	 specifed 	

l imiting 	 value. 	 Conformance	 or	 non-conformance	 with 	 the	 specifcation 	 is	 based	 on 	 this	 comparison.

 T h e  F
P R E N  

c a l c u l a t i o n  i s  b a s e d  o n  a c t u a l  c o m p o s i t i o n ,  n o t  n o m i n a l  c o m p o s i t i o n .  N o m i n a l  c o m p o s i t i o n  i s  u s e d  

for	 general 	 classifcation 	 only.

 T h e  P R E N  (F
P R E N

)  s h a l l  b e  c a l c u l a t e d  a s  g i v e n  i n  F o rm u l a  ( 1 ) :

 FP R E N  =  wC r +  3 , 3  (wM o  +  0 , 5wW )  +  1 6wN  ( 1 )

w h e re

wC r i s  t h e  m a s s  fra c t i o n  o f c h ro m i u m  i n  t h e  a l l o y,  e x p re s s e d  a s  a  p e rc e n t a g e  m a s s  fra c t i o n  o f 

t h e  t o t a l  c o m p o s i t i o n ;

wM o  i s  t h e  m a s s  fra c t i o n  o f m o l y b d e n u m  i n  t h e  a l l o y,  e x p re s s e d  a s  a  p e rc e n t a g e  m a s s  fra c t i o n  

o f t h e  t o t a l  c o m p o s i t i o n ;

wW  i s  t h e  m a s s  fra c t i o n  o f t u n g s t e n  i n  t h e  a l l o y,  e x p re s s e d  a s  a  p e rc e n t a g e  m a s s  fra c t i o n  o f t h e  

t o t a l  c o m p o s i t i o n ;

wN  i s  t h e  m a s s  fra c t i o n  o f n i t ro g e n  i n  t h e  a l l o y,  e x p re s s e d  a s  a  p e rc e n t a g e  m a s s  fra c t i o n  o f t h e  

t o t a l  c o m p o s i t i o n .

N O T E  There	 are	 several 	 variations	 of	 the	 PREN. 	 Al l 	 were	 developed	 to	 refect	 and 	 predict	 the	 pitting 	

re s i s t a n c e  o f F e /N i /C r/M o  C R As  i n  t h e  p re s e n c e  o f d i s s o l v e d  c h l o ri d e s  a n d  o x y g e n ,  e . g . ,  i n  s e a  

w a t e r.  T h o u g h  u s e fu l ,  t h e s e  i n d i c e s  a re  n o t  d i re c t l y  i n d i c a t i v e  o f c o rro s i o n  re s i s t a n c e  i n  H
2

S -  

containing 	 oi l 	 feld 	 environments.

7 :   P u rc h a s i n g  i n fo rm a t i o n  a n d  m a rk i n g

7 . 1  I n fo rm a t i o n  t h a t  s h o u l d  b e  s u p p l i e d  fo r m a t e ri a l  p u rc h a s i n g

7 . 1 . 1  The	 preparation	 of	 material 	 purchasing	 specifcations	 can	 require	 cooperation	 and	 exchange	 of	

d a t a  b e t w e e n  t h e  e q u i p m e n t  u s e r,  t h e  e q u i p m e n t  s u p p l i e r,  a n d  t h e  m a t e ri a l  m a n u fa c t u re r t o  e n s u re  

t h a t  t h e  m a t e ri a l  p u rc h a s e d  c o n fo rm s  w i t h  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 1  a n d  t h i s  d o c u m e n t .

7 . 1 . 2  T h e  fo l l o w i n g  i n fo rm a t i o n  s h a l l  b e  p ro v i d e d :

— p re fe rre d  m a t e ri a l s  t y p e s  a n d /o r g ra d e s  ( i f k n o w n ) ;

— e q u i p m e n t  t y p e  ( i f k n o w n ) ;
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— re fe re n c e  t o  t h i s  d o c u m e n t ,  i . e . ,  AN S I /N AC E  M R 0 1 7 5 - 2 0 2 1 /I S O  1 5 1 5 6 - 3 : 2 0 2 0 ;

— a c c e p t a b l e  b a s e s  fo r s e l e c t i o n  o f m a t e ri a l s  fo r c ra c k i n g - re s i s t a n c e  ( s e e  C l a u s e  6 ) .

7 . 1 . 3  T h e  e q u i p m e n t  u s e r a n d  t h e  e q u i p m e n t  s u p p l i e r/m a t e ri a l  m a n u fa c t u re r m a y  a g re e  t h a t  C R As  a n d  

o t h e r a l l o y s  o t h e r t h a n  t h o s e  d e s c ri b e d  a n d  o r l i s t e d  i n  An n e x  A m a y  b e  s e l e c t e d  s u b j e c t  t o  s u i t a b l e  

qualifcation 	 testing.

 If	 the	 purchaser	 intends	 to	 make	 use	 of	 such	 agreements, 	 extensions, 	 and 	 qual ifcations, 	 the	 ap-

propriate	 additional 	 information 	 shal l 	 be	 clearly	 indicated 	 in 	 the	 materials	 purchasing	 specifcation. 	

T h i s  i n fo rm a t i o n  i n c l u d e s  t h e  fo l l o w i n g :

— re q u i re m e n t s  fo r S S C ,  S C C ,  a n d /o r G H S C  t e s t i n g  ( s e e  C l a u s e  6  a n d  An n e x  B ) ;

—	 service	 conditions	 for	 the	 specifc	 sour	 service	 application.

7 . 1 . 4  T h e  i n fo rm a t i o n  re q u i re d  fo r m a t e ri a l  p u rc h a s i n g  s h a l l  b e  e n t e re d  o n  s u i t a b l e  d a t a  s h e e t s .  S u g -

g e s t e d  fo rm a t s  a re  g i v e n  i n  An n e x  C .

7 . 2  M a rk i n g ,  l a b e l l i n g ,  a n d  d o c u m e n t a t i o n

 M a t e ri a l s  c o n fo rm i n g  w i t h  t h i s  d o c u m e n t  s h a l l  b e  m a d e  t ra c e a b l e ,  p re fe ra b l y  b y  m a rk i n g ,  b e fo re  d e l i v e ry.  

S u i t a b l e  l a b e l l i n g  o r d o c u m e n t a t i o n  i s  a l s o  a c c e p t a b l e .

 For	 materials	 qual ifed 	 and 	 selected 	 for	 a	 special 	 appl ication 	 in 	 accordance	 with 	 Annex	 B, 	 traceabil ity	 shal l 	

i n c l u d e  re fe re n c e  t o  t h e  e n v i ro n m e n t a l  c o n d i t i o n s  o f t h e  s p e c i a l  a p p l i c a t i o n .

 T h e  e q u i p m e n t  u s e r m a y  re q u e s t  t h e  e q u i p m e n t  o r m a t e ri a l s  s u p p l i e r t o  p ro v i d e  d o c u m e n t a t i o n  o f t h e  m a t e ri -

als	 used 	 in 	 equipment	 or	 components	 and 	 their	 environmental 	 service	 l imits	 as	 defned	 in 	 this	 document.

 T h e  t a b l e s  i n  An n e x  C  p ro v i d e  d e s i g n a t i o n s  t h a t  c a n  b e  u s e d .
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A n n e x  A 

( n o rm a t i v e )  

 

E n v i ro n m e n t a l  c ra c k i n g - re s i s t a n t  C R A s  a n d  o t h e r a l l o y s   

( i n c l u d i n g  Ta b l e  A . 1  — G u i d a n c e  o n  t h e  u s e  o f t h e  m a t e ri a l s  s e l e c t i o n  t a b l e s )

A. 1  G e n e ra l

A. 1 . 1  M a t e ri a l s  g ro u p s

 T h e  m a t e ri a l s  g ro u p s  u s e d  t o  l i s t  C R A s  o r o t h e r a l l o y s  ( s e e  6 . 1 )  a re  a s  fo l l o w s :

—	 austenitic	 stainless	 steels	 (identifed 	 as	 material 	 type	 and 	 as	 individual 	 al loys)	 (see	 A. 2 ) ;

—	 highly	 al loyed 	 austenitic	 stainless	 steels	 (identifed 	 as	 material 	 types	 and 	 as	 individual 	

a l l o y s )  ( s e e  A. 3 ) ;

—	 solid-solution 	 nickel-based	 al loys	 (identifed 	 as	 material 	 types	 and 	 as	 individual 	 al loys)	  

( s e e  A. 4 ) ;

—	 ferritic	 stainless	 steels	 (identifed 	 as	 material 	 type)	 (see	 A. 5 ) ;

—	 martensitic	 stainless	 steels	 (identifed 	 as	 individual 	 al loys)	 (see	 A. 6 ) ;

—	 duplex	 stainless	 steels	 (identifed 	 as	 material 	 types)	 (see	 A. 7 ) ;

—	 precipitation-hardened	 stainless	 steels	 (identifed 	 as	 individual 	 al loys)	 (see	 A. 8 ) ;

—	 precipitation-hardened	 nickel-based	 al loys	 (identifed 	 as	 individual 	 al loys)	 (see	 A. 9 ) ;

—	 cobalt-based	 al loys	 (identifed 	 as	 individual 	 al loys)	 (see	 A. 1 0 ) ;

—	 titanium	 and 	 tantalum	 (identifed 	 as	 individual 	 al loys)	 (see	 A. 1 1 ) ;

—	 copper, 	 aluminum	 (identifed 	 as	 materials	 types)	 (see	 A . 1 2 ) .

 S u b j e c t  t o  A . 1 . 2 ,  A. 1 . 3 ,  A. 1 . 4 ,  a n d  A. 1 . 5  b e l o w,  t h e  C R As  a n d  o t h e r a l l o y s  l i s t e d  i n  Ta b l e  A. 1  t o  Ta -

b l e  A. 4 2  m a y  b e  u s e d  w i t h o u t  fu rt h e r t e s t i n g  fo r S S C ,  S C C ,  a n d  G H S C  c ra c k i n g - re s i s t a n c e  w i t h i n  

t h e  e n v i ro n m e n t a l  l i m i t s  s h o w n .

 I n fo rm a t i o n  o n  t h e  u s e  o f c o p p e r a n d  a l u m i n u m  a l l o y s  i s  c o n t a i n e d  i n  A. 1 2 .

 A. 1 3  c o n t a i n s  re c o m m e n d a t i o n s  o n  t h e  u s e  o f c l a d d i n g ,  o v e rl a y s ,  a n d  w e a r- re s i s t a n t  a l l o y s .

N O T E  T h e  m a t e ri a l s  l i s t e d  a n d  t h e  re s t ri c t i o n s  s h o w n  a re  t h o s e  o ri g i n a l l y  l i s t e d  i n  

N A C E  M R 0 1 7 5 : 2 0 0 3 4  e x c e p t  fo r b a l l o t e d  c h a n g e s  i n t ro d u c e d  s i n c e  2 0 0 3 .

A . 1 . 2  L i m i t s  o f c h e m i c a l  c o m p o s i t i o n

 T h e  u s e r o f a  C R A o r o t h e r a l l o y  s h a l l  e n s u re  t h a t  t h e  c h e m i c a l  a n a l y s i s  o f t h e  m a t e ri a l  u s e d  m e e t s  

t h e  m a t e ri a l  a n a l y s i s  re q u i re m e n t s  s h o w n  fo r t h e  m a t e ri a l  i n  S AE  — AS T M ,  Me ta ls a n d a llo ys in  

th e  Un ife d Num b e rin g Syste m .

 

 T h e  m a t e ri a l  s h a l l  a l s o  m e e t  a n y  p ro v i s i o n  s h o w n  i n  t h e  t e x t  a n d /o r t a b l e s  o f i t s  m a t e ri a l s  g ro u p .

4   W i t h d ra w n .
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A. 1 . 3  E n v i ro n m e n t a l  a n d  m e t a l l u rg i c a l  l i m i t s  fo r c ra c k i n g - re s i s t a n c e

 A. 2 . 2  t o  A. 1 1 . 2  c o n t a i n  m a t e ri a l s  s e l e c t i o n  t a b l e s  s h o w i n g  t h e  e n v i ro n m e n t a l  l i m i t s  o f t h e  m a t e ri a l s  

w h e n  u s e d  fo r a n y  e q u i p m e n t  o r c o m p o n e n t .  T h e s e  s u b c l a u s e s  a l s o  o ft e n  c o n t a i n  m a t e ri a l s  s e l e c -

t i o n  t a b l e s  s h o w i n g  t h e  l e s s  re s t ri c t i v e  e n v i ro n m e n t a l  l i m i t s  o f t h e  m a t e ri a l s  w h e n  u s e d  fo r n a m e d  

e q u i p m e n t  o r c o m p o n e n t s .

 T h e  t a b l e s  s h o w  t h e  a p p l i c a t i o n  l i m i t s  w i t h  re s p e c t  t o  t e m p e ra t u re ,  ρH
2

S ,  C l −,  p H ,  S 0 .  T h e s e  l i m i t s  

a p p l y  c o l l e c t i v e l y.  T h e  p H  u s e d  i n  t h e  t a b l e s  c o rre s p o n d s  t o  t h e  m i n i m u m  i n  s i t u  p H .

N O T E  1  I n  t h e  t a b l e s  o f t h i s  a n n e x ,  t h e  S I  u n i t  “ m i l l i g ra m s  p e r l i t e r”  i s  u s e d  fo r m a s s  c o n c e n -

t ra t i o n .  I n  U S  C u s t o m a ry  u n i t s ,  t h e s e  a re  c o m m o n l y  e x p re s s e d  i n  p a rt s  p e r m i l l i o n  

( p p m ) .

N O T E  2  G u i d a n c e  o n  t h e  c a l c u l a t i o n  o f ρH
2

S  i s  g i v e n  i n  AN S I /N AC E  M R 0 1 7 5 - 2 0 2 1 /

I S O  1 5 1 5 6 - 2 : 2 0 2 0 ,  An n e x  C .

N O T E  3  G u i d a n c e  o n  t h e  c a l c u l a t i o n  o f p H  i s  g i v e n  i n  AN S I /N AC E  M R 0 1 7 5 - 2 0 2 1 /I S O  1 5 1 5 6 -

2 : 2 0 2 0 ,  An n e x  D .

N O T E  4  I n  p re p a ri n g  t h e  m a t e ri a l s  s e l e c t i o n  t a b l e s ,  i t  i s  a s s u m e d  t h a t  n o  o x y g e n  i s  p re s e n t  

i n  t h e  s e rv i c e  e n v i ro n m e n t .

 Where	 no	 specifed 	 l imit	 for	 a	 variable	 can	 be	 defned	 in 	 a	 table, 	 explanatory	 remarks	 that	 refect	

c u rre n t  k n o w l e d g e  h a v e  b e e n  i n c l u d e d  i n  t h e  t a b l e .

 T h e  e n v i ro n m e n t a l  l i m i t s  fo r a n  a l l o y  a re  v a l i d  o n l y  w i t h i n  a n y  a d d i t i o n a l  m e t a l l u rg i c a l  l i m i t s  g i v e n  

fo r t h e  a l l o y  i n  t h e  t e x t  o f t h e  s a m e  t a b l e .  W h e re  t e m p e ri n g  o f a  m a t e ri a l  i s  re q u i re d ,  t h e  t e m p e ri n g  

time	 shal l 	 be	 suffcient	 to	 ensure	 the	 achievement	 of	 the	 required 	 through-thickness	 hardness.

 W h e n  p u rc h a s i n g  m a t e ri a l s ,  m e t a l l u rg i c a l  p ro p e rt i e s  kn o w n  t o  a ffe c t  t h e  m a t e ri a l s ’  p e rfo rm a n c e  i n  

H
2
S-containing 	 oi l 	 and 	 gas	 environments	 in 	 addition 	 to	 those	 specifcal ly	 l isted 	 in 	 this	 annex	 should 	

a l s o  b e  c o n s i d e re d .  AN S I /N AC E  M R 0 1 7 5 - 2 0 2 1 /I S O  1 5 1 5 6 - 1 : 2 0 2 0 ,  8 . 1  l i s t s  s u c h  p ro p e rt i e s .

A . 1 . 4  R e q u i re m e n t s  a n d  re c o m m e n d a t i o n s  o n  w e l d i n g

 T h e  c l a u s e s  fo r t h e  m a t e ri a l s  g ro u p s  c o n t a i n  re q u i re m e n t s  a n d  re c o m m e n d a t i o n s  fo r w e l d i n g  t h e  

m a t e ri a l s  o f t h e  g ro u p  t o  a c h i e v e  s a t i s fa c t o ry  c ra c k i n g - re s i s t a n c e  i n  t h e  w e l d m e n t  p ro d u c e d .

A . 1 . 5  O t h e r re q u i re m e n t s  a n d  re c o m m e n d a t i o n s  o n  C R As  a n d  o t h e r a l l o y s

A . 1 . 5 . 1  R e q u i re m e n t s  fo r o v e rl a y s ,  s u rfa c e  t re a t m e n t s ,  p l a t i n g ,  c o a t i n g s ,  l i n i n g s ,  e t c .

 F o r t h e  c o m p o s i t i o n ,  c ra c k i n g - re s i s t a n c e  a n d  u s e  o f o v e rl a y s ,  s e e  A. 1 3 .

 M e t a l l i c  c o a t i n g s  ( e l e c t ro p l a t e d  a n d  e l e c t ro l e s s  p l a t e d ) ,  c o n v e rs i o n  c o a t i n g s ,  p l a s t i c  

c o a t i n g s ,  o r l i n i n g s  m a y  b e  u s e d ,  b u t  a re  n o t  a c c e p t a b l e  fo r p re v e n t i n g  c ra c k i n g .

 T h e  e ffe c t  o f t h e i r a p p l i c a t i o n  o n  t h e  c ra c k i n g - re s i s t a n c e  o f t h e  s u b s t ra t e  s h a l l  b e  

c o n s i d e re d .

 N i t ri d i n g  w i t h  a  m a x i m u m  c a s e  d e p t h  o f 0 . 1 5  m m  ( 0 . 0 0 6  i n )  i s  a n  a c c e p t a b l e  s u rfa c e  

t re a t m e n t  i f c o n d u c t e d  a t  a  t e m p e ra t u re  b e l o w  t h e  l o w e r c ri t i c a l  t e m p e ra t u re  o f t h e  

a l l o y  b e i n g  t re a t e d .  T h e  u s e  o f n i t ri d i n g  a s  a  m e a n s  o f p re v e n t i n g  c ra c k i n g  i n  s o u r 

s e rv i c e  i s  n o t  a c c e p t a b l e .
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A. 1 . 5 . 1 . 2  T h re a d i n g

 T h re a d s  p ro d u c e d  u s i n g  a  m a c h i n e - c u t t i n g  p ro c e s s  a re  a c c e p t a b l e .

 T h re a d s  p ro d u c e d  b y  c o l d  fo rm i n g  ( ro l l i n g )  a re  a c c e p t a b l e  o n  C R As  

a n d  o t h e r a l l o y s  i f t h e  m a t e ri a l  a n d  t h e  l i m i t s  o f i t s  a p p l i c a t i o n  o t h e r-

w i s e  c o n fo rm  w i t h  t h i s  d o c u m e n t .

A . 1 . 5 . 3  C o l d  d e fo rm a t i o n  o f s u rfa c e s

 C o l d  d e fo rm a t i o n  o f s u rfa c e s  i s  a c c e p t a b l e  i f c a u s e d  b y  p ro c e s s e s  s u c h  a s  b u r-

n i s h i n g  t h a t  d o  n o t  i m p a rt  m o re  c o l d  w o rk  t h a n  t h a t  i n c i d e n t a l  t o  n o rm a l  m a c h i n i n g  

o p e ra t i o n s  ( s u c h  a s  t u rn i n g  o r b o ri n g ,  ro l l i n g ,  t h re a d i n g ,  d ri l l i n g ,  e t c . ) .

 C o l d  d e fo rm a t i o n  b y  c o n t ro l l e d  s h o t - p e e n i n g  i s  a c c e p t a b l e  i f a p p l i e d  t o  b a s e  m a -

t e ri a l s  t h a t  c o n fo rm  w i t h  t h i s  d o c u m e n t  a n d  i f re s t ri c t e d  t o  a  m a x i m u m  s h o t  s i z e  o f 

2 . 0  m m  ( 0 . 0 8 0  i n )  a n d  a n  Al m e n  i n t e n s i t y  n o t  e x c e e d i n g  1 0 C .  T h e  p ro c e s s  s h a l l  b e  

c o n t ro l l e d  i n  a c c o rd a n c e  w i t h  S AE  AM S - 2 4 3 0 .

A . 1 . 5 . 4  Identifcation 	 stamping

 The	 use	 of	 identifcation 	 stamping	 using 	 low-stress	 (dot, 	 vibratory, 	 and 	 round-V)	

s t a m p s  i s  a c c e p t a b l e .

 T h e  u s e  o f c o n v e n t i o n a l  s h a rp  V- s t a m p i n g  i s  a c c e p t a b l e  i n  l o w - s t re s s  a re a s  s u c h  

as	 the	 outside	 diameter	 of	 fanges. 	 Conventional 	 sharp	 V-stamping	 shal l 	 not	 be	 per-

fo rm e d  i n  h i g h - s t re s s  a re a s  u n l e s s  a g re e d  w i t h  t h e  e q u i p m e n t  u s e r.

A . 1 . 6  U s e  o f m a t e ri a l s  s e l e c t i o n  t a b l e s

 Ta b l e  A. 1  p ro v i d e s  a  g u i d e  t o  t h e  m a t e ri a l s  s e l e c t i o n  t a b l e s  fo r a n y  e q u i p m e n t  o r c o m p o n e n t .  I t  

also	 provides	 a	 guide	 to	 additional 	 materials	 selection 	 tables	 for	 specifc	 named	 equipment	 or	

c o m p o n e n t s  w h e n  o t h e r,  l e s s  re s t ri c t i v e ,  e n v i ro n m e n t a l ,  o r m e t a l l u rg i c a l  l i m i t s  m a y  b e  a p p l i e d .
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Ta b l e  A . 1  — G u i d a n c e  o n  t h e  u s e  o f t h e  m a t e ri a l s  s e l e c t i o n  t a b l e s  o f A n n e x  A  
b a s e d  o n  e q u i p m e n t  o r c o m p o n e n t  t y p e
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A. 2  Austenitic	 stainless	 steels	 (identifed 	 as	 material 	 type	 and 	 as	 individual 	 al loys)

A. 2 . 1  M a t e ri a l s  a n a l y s e s

 Au s t e n i t i c  s t a i n l e s s  s t e e l s  o f t h i s  m a t e ri a l  t y p e  s h a l l  c o n t a i n  t h e  fo l l o w i n g  e l e m e n t s  i n  t h e  fo l -

l o w i n g  p ro p o rt i o n s ,  e x p re s s e d  a s  m a s s  fra c t i o n s :  C ,  0 . 0 8  %  m a x ;  C r,  1 6  %  m i n ;  N i ,  8  %  m i n ;  P,  

0 . 0 4 5  %  m a x ;  S ,  0 . 0 4  %  m a x ;  M n ,  2 . 0  %  m a x ;  a n d  S i ,  2 . 0  %  m a x .  O t h e r a l l o y i n g  e l e m e n t s  a re  

p e rm i t t e d .

 H i g h e r c a rb o n  c o n t e n t s  fo r U N S  S 3 0 9 0 0  a n d  S 3 1 0 0 0  a re  a c c e p t a b l e  u p  t o  t h e  l i m i t s  o f t h e i r re -

spective	 specifcations.

 I t  i s  c o m m o n  i n d u s t ry  p ra c t i c e  t o  d u a l  c e rt i fy  3 0 0  s e ri e s  s t a i n l e s s  s t e e l s  a s  s t a n d a rd  g ra d e  a n d  l o w  

c a rb o n  g ra d e  s u c h  a s  S 3 1 6 0 0  ( 3 1 6 )  a n d  S 3 1 6 0 3  ( 3 1 6 L ) .  T h e  e n v i ro n m e n t a l  l i m i t s  g i v e n  fo r l o w  

carbon	 300	 series	 stainless	 steels	 are	 acceptable	 for	 the	 dual 	 certifed 	 grades.

 F re e - m a c h i n i n g  a u s t e n i t i c  s t a i n l e s s  s t e e l  p ro d u c t s  s h a l l  n o t  b e  u s e d .

A. 2 . 2  E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r t h e  u s e s  o f a u s t e n i t i c  s t a i n l e s s  s t e e l s
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Ta b l e  A . 2  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r a u s t e n i t i c  s t a i n l e s s  s t e e l s  u s e d  fo r a n y  e q u i p m e n t  o r c o m p o n e n t s

M a t e ri a l s  

t y p e / 

i n d i v i d u a l  

a l l o y  U N S  

n u m b e r

Te m p e ra t u re

P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .
p H

S u l fu r-  

re s i s t a n t ?
R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g /l

A u s t e n i t i c  

s t a i n l e s s  

s t e e l  

fro m  

m a t e ri a l s  

t y p e  

d e s c ri b e d  

i n  A . 2 a

6 0  ( 1 4 0 ) 1 0 0  ( 1 5 ) S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N o A n y  c o m b i n a t i o n  o f c h l o ri d e  

c o n c e n t ra t i o n  a n d  i n  s i t u  

p H  o c c u rri n g  i n  p ro d u c t i o n  

e n v i ro n m e n t s  i s  a c c e p t a b l e .

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

5 0

S e e  

“ R e m a rk s ”  

c o l u m n

N o

T h e s e  m a t e ri a l s  h a v e  b e e n  

u s e d  w i t h o u t  re s t ri c t i o n s  o n  

t e m p e ra t u re ,  pH
2

S ,  o r i n  s i t u  p H  

i n  p ro d u c t i o n  e n v i ro n m e n t s .  N o  

l i m i t s  o n  i n d i v i d u a l  p a ra m e t e rs  a re  

s e t ,  b u t  s o m e  c o m b i n a t i o n s  o f t h e  

v a l u e s  o f t h e s e  p a ra m e t e rs  m i g h t  

n o t  b e  a c c e p t a b l e .

S 3 1 6 0 3 b 6 0  ( 1 4 0 ) 1  0 0 0  ( 1 4 5 ) 5 0  0 0 0 ≥4.5 N D S d

9 0  ( 1 9 4 ) 1  0 0 0  ( 1 4 5 ) 1  0 0 0 ≥3.5 N D S d

9 0  ( 1 9 4 ) 1  ( 0 . 1 4 5 ) 5 0  0 0 0 ≥4.5 N D S d

9 3  ( 2 0 0 ) 1 0 . 2  ( 1 . 5 ) 5  0 0 0 ≥5.0 N D S d

1 2 0  ( 2 4 8 ) 1 0 0  ( 1 4 . 5 ) 1  0 0 0 ≥3.5 N D S d

1 4 9  ( 3 0 0 ) 1 0 . 2  ( 1 . 5 ) 1  0 0 0 ≥4.0 N D S d

S 2 0 9 1 0 c 6 6  ( 1 5 0 ) 1 0 0  ( 1 5 ) S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N o A n y  c o m b i n a t i o n  o f c h l o ri d e  

c o n c e n t ra t i o n  a n d  i n  s i t u  p H  

o c c u rri n g  i n  p ro d u c t i o n  

e n v i ro n m e n t s  i s  a c c e p t a b l e .

A l i m i t  o n  t h e  m a rt e n s i t e  c o n t e n t  o f t h e s e  a u s t e n i t i c  s t a i n l e s s  s t e e l s  s h o u l d  b e  c o n s i d e re d .

T h e  s t re s s  c o rro s i o n  c ra c k i n g  re s i s t a n c e  o f a l l  a u s t e n i t i c  s t a i n l e s s  s t e e l s  o f t h e  m a t e ri a l  t y p e  d e s c ri b e d  i n  A. 2  c a n  b e  a d v e rs e l y  

a ffe c t e d  b y  c o l d  w o rk i n g .

a    T h e s e  m a t e ri a l s  s h a l l

     —   b e  i n  t h e  s o l u t i o n - a n n e a l e d  a n d  q u e n c h e d  o r a n n e a l e d  a n d  t h e rm a l l y - s t a b i l i z e d  h e a t - t re a t m e n t  c o n d i t i o n ,

     —   b e  fre e  o f c o l d  w o rk  i n t e n d e d  t o  e n h a n c e  t h e i r m e c h a n i c a l  p ro p e rt i e s ,  a n d

     —   h a v e  a  m a x i m u m  h a rd n e s s  o f 2 2  H R C .

b    U N S  S 3 1 6 0 3  s h a l l  b e  i n  th e  s o l u ti o n - a n n e a l e d  a n d  q u e n c h e d  c o n d i ti o n  w h e n  u s e d  i n  e n v i ro n m e n t s  o u ts i d e  t h e  l i m i ts  i m p o s e d  

for	 the	 material 	 type	 (i.e. , 	 in 	 the	 top	 two	 rows), 	 but	 within 	 those	 given	 specifcally	 for	 S31 603. 	 The	 following	 conditions	 shall 	 apply:

     —   t h e  m a t e ri a l  s h a l l  b e  fre e  fro m  c o l d  w o rk  c a u s e d  b y  s h a p i n g ,  fo rm i n g ,  c o l d  re d u c i n g ,  t e n s i o n ,  e x p a n s i o n ,  

	 	 	 	 	 	 	 	 	 	 	 	 etc. 	 after	 the	 fnal 	 solution 	 annealing 	 and 	 quenching 	 treatment;

	 	 	 	 	 —	 	 	 after	 the	 fnal 	 solution 	 anneal ing 	 and 	 quenching 	 treatment, 	 hardness	 and 	 cold 	 work	 incidental 	 to  

            m a c h i n i n g  o r s t ra i g h t e n i n g  s h a l l  n o t  e x c e e d  t h e  l i m i t s  i m p o s e d  b y  t h e  a p p ro p ri a t e  p ro d u c t  

	 	 	 	 	 	 	 	 	 	 	 	 specifcation.

c 	 UNS	 S2091 0	 is	 acceptable	 for	 environments	 inside	 the	 l imits	 imposed	 for	 the	 material 	 type	 and 	 for	 this	 al loy, 	 specifcally, 	 in 	 the	

a n n e a l e d  o r h o t - ro l l e d  ( h o t /c o l d - w o rk e d )  c o n d i t i o n  a t  a  m a x i m u m  h a rd n e s s  o f 3 5  H R C .

d    N o  d a t a  s u b m i t t e d  ( N D S )  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  i n  s e rv i c e  w i t h  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  

t h e  e n v i ro n m e n t .
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Ta b l e  A . 3  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r a u s t e n i t i c  s t a i n l e s s  s t e e l s  u s e d  a s  v a l v e  s t e m s ,  p i n s ,  a n d  s h a ft s

I n d i v i d u a l  

a l l o y  

U N S  n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g /l

S 2 0 9 1 0 S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a A n y  c o m b i n a t i o n  o f t e m p e ra t u re ,  

ρH
2

S ,  c h l o ri d e  c o n c e n t ra t i o n ,  

a n d  i n  s i t u  p H  o c c u rri n g  i n  

p ro d u c t i o n  e n v i ro n m e n t s  i s  

a c c e p t a b l e .

F o r t h e s e  a p p l i c a t i o n s ,  t h e  fo l l o w i n g  m a t e ri a l  re s t ri c t i o n s  s h a l l  a l s o  a p p l y :

—   U N S  S 2 0 9 1 0  a t  a  m a x i m u m  h a rd n e s s  l e v e l  o f 3 5  H R C  m a y  b e  u s e d  i n  ( 1 )  t h e  a s - h o t  w o rk e d  c o n d i t i o n ,   

        ( 2 )  t h e  s o l u t i o n  a n n e a l e d  c o n d i t i o n  o r ( 3 )  t h e  s o l u t i o n  a n n e a l e d  c o n d i t i o n  fo l l o w e d  b y  c o l d - w o rk i n g .   

        N o t e  t h a t  t h e  c o l d  w o rk e d  c o n d i t i o n  s h a l l  b e  p re c e d e d  b y  s o l u t i o n  a n n e a l i n g .

a  N o  d a t a  s u b m i t te d  ( N D S )  to  a s c e r t a i n  w h e t h e r  t h e s e  m a te r i a l s  a re  a c c e p t a b l e  fo r  s e r v i c e  i n  t h e  p re s e n c e  of e l e m e n t a l  s u lfu r  

i n  t h e  e n v i ro n m e n t .

Ta b l e  A . 4  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r a u s t e n i t i c  s t a i n l e s s  s t e e l s  u s e d  i n  s u rfa c e  a p p l i c a t i o n s   

fo r c o n t ro l - l i n e  t u b i n g ,  i n s t ru m e n t  t u b i n g ,  a s s o c i a t e d  f t t i n g s ,  a n d  s c re e n  d e v i c e s

I n d i v i d u a l  a l l o y  

U N S  n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r 

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g /l

S 3 1 6 0 0 S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a T h i s  m a t e ri a l  h a s  b e e n  

u s e d  fo r t h e s e  c o m p o n e n t s  

w i t h o u t  re s t ri c t i o n  o n  

t e m p e ra t u re ,  ρH
2

S ,  C l −,  

o r i n  s i t u  p H  i n  p ro d u c t i o n  

e n v i ro n m e n t s .  N o  l i m i t s  

o n  i n d i v i d u a l  p a ra m e t e rs  

a re  s e t ,  b u t  s o m e  

c o m b i n a t i o n s  o f t h e  

v a l u e s  o f t h e s e  p a ra m e t e rs  

m i g h t  n o t  b e  a c c e p t a b l e .

UNS	 S31 600	 stainless	 steel 	 may	 be	 used 	 for	 compression 	 fttings	 and 	 instrument	 tubing	 even	 though	 i t	 might	 not	 satisfy	 the	

re q u i re m e n t s  s t a t e d  fo r a n y  e q u i p m e n t  o r c o m p o n e n t  i n  Ta b l e  A . 2 .

a    N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .
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Ta b l e  A . 5  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r a u s t e n i t i c  s t a i n l e s s  s t e e l s  u s e d  a s  s e a l  ri n g s  a n d  g a s k e t s

I n d i v i d u a l  a l l o y  

U N S  n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H 2 S  

p H 2 S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a m a x

° C  ( ° F ) k P a  ( p s i ) m g / l

J 9 2 6 0 0 ,  J 9 2 9 0 0

S 3 0 4 0 0 ,  S 3 0 4 0 3

S 3 1 6 0 0 ,  S 3 1 6 0 3

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a

A n y  c o m b i n a t i o n  o f 

t e m p e ra t u re ,  ρH
2

S ,  

c h l o ri d e  c o n c e n t ra t i o n ,  

a n d  i n  s i t u  p H  o c c u rri n g  

i n  p ro d u c t i o n  

e n v i ro n m e n t s  i s  

a c c e p t a b l e .

F o r t h e s e  a p p l i c a t i o n s ,  t h e  fo l l o w i n g  m a t e ri a l s  re s t ri c t i o n s  s h a l l  a p p l y ;

—   J 9 2 6 0 0 ,  J 9 2 9 0 0  A P I  c o m p re s s i o n  s e a l  ri n g s  a n d  g a s k e t s  m a d e  o f c e n t ri fu g a l l y  c a s t  m a t e ri a l  i n  t h e  a s - c a s t   

        o r s o l u t i o n - a n n e a l e d  c o n d i t i o n  s h a l l  h a v e  a  h a rd n e s s  o f 1 6 0  H B W  ( 8 3  H R B )  m a x i m u m ;

—   S 3 0 4 0 0 ,  S 3 0 4 0 3 ,  S 3 1 6 0 0  o r S 3 1 6 0 3  A P I  c o m p re s s i o n  s e a l  ri n g s  a n d  g a s k e t s  m a d e  o f w ro u g h t  m a t e ri a l   

        i n  t h e  s o l u t i o n - a n n e a l e d  c o n d i t i o n  s h a l l  h a v e  a  h a rd n e s s  o f 1 6 0  H B W  ( 8 3  H R B )  m a x i m u m .

a    N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .
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Ta b l e  A . 6  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r a u s t e n i t i c  s t a i n l e s s  s t e e l s  u s e d  i n  c o m p re s s o rs   

a n d  i n s t ru m e n t a t i o n  a n d  c o n t ro l  d e v i c e s

M a t e ri a l s  t y p e Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g /l

C o m p re s s o rs

A u s t e n i t i c  

s t a i n l e s s  s t e e l  

fro m  m a t e ri a l s  

t y p e  d e s c ri b e d  

i n  A. 2

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a T h e s e  m a t e ri a l s  h a v e  b e e n  

u s e d  fo r t h e s e  c o m p o n e n t s  

w i t h o u t  re s t ri c t i o n  o n  

t e m p e ra t u re ,  ρH
2
S, 	 Cl−, 	 or 

i n  s i t u  p H  i n  p ro d u c t i o n  

e n v i ro n m e n t s .  N o  l i m i t s  o n  

i n d i v i d u a l  p a ra m e t e rs  a re  

s e t ,  b u t  s o m e  c o m b i n a t i o n s  

o f t h e  v a l u e s  o f t h e s e  

p a ra m e t e rs  m i g h t  n o t  b e  

a c c e p t a b l e .

I n s t ru m e n t a t i o n  a n d  c o n t ro l  d e v i c e s b

Au s t e n i t i c  

s t a i n l e s s  s t e e l  

fro m  m a t e ri a l s  

t y p e  d e s c ri b e d  

i n  A. 2

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a T h e s e  m a t e ri a l s  h a v e  b e e n  

u s e d  fo r t h e s e  c o m p o n e n t s  

w i t h o u t  re s t ri c t i o n  o n  

t e m p e ra t u re ,  ρH
2

S ,  C l −,  o r 

i n  s i t u  p H  i n  p ro d u c t i o n  

e n v i ro n m e n t s .  N o  l i m i t s  o n  

i n d i v i d u a l  p a ra m e t e rs  a re  

s e t ,  b u t  s o m e  c o m b i n a ti o n s  

o f t h e  v a l u e s  o f t h e s e  

p a ra m e t e rs  m i g h t  n o t  b e  

a c c e p t a b l e .

F o r t h e s e  a p p l i c a t i o n s ,  t h e s e  m a t e ri a l s  s h a l l  a l s o

—   b e  i n  t h e  s o l u t i o n - a n n e a l e d  a n d  q u e n c h e d  o r a n n e a l e d  a n d  s t a b i l i z e d  h e a t - t re a t m e n t  c o n d i t i o n ,

—   b e  fre e  o f c o l d  w o rk  i n t e n d e d  t o  e n h a n c e  t h e i r m e c h a n i c a l  p ro p e rt i e s ,  a n d

—   h a v e  a  m a x i m u m  h a rd n e s s  o f 2 2  H R C .

A l i m i t  o n  t h e  m a rt e n s i t e  c o n t e n t  o f t h e s e  a u s t e n i t i c  s t a i n l e s s  s t e e l s  s h o u l d  b e  c o n s i d e re d .

a    N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .

b    I n s t ru m e n t a t i o n  a n d  c o n t ro l  d e v i c e s  i n c l u d e ,  b u t  a re  n o t  l i m i t e d  t o  d i a p h ra g m s ,  p re s s u re  m e a s u ri n g  d e v i c e s ,  a n d  p re s s u re  

s e a l s .
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Ta b l e  A . 7  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r a u s t e n i t i c  s t a i n l e s s  s t e e l s  u s e d  i n  g a s  l i ft  s e rv i c e   

a n d  fo r s p e c i a l  c o m p o n e n t s  fo r s u b s u rfa c e  a p p l i c a t i o n s  s u c h  a s  d o w n h o l e  s c re e n s ,  c o n t ro l - l i n e  t u b i n g ,   

h a rd wa re  ( e . g . ,  s e t  s c re ws ,  e t c . ) ,  i n j e c t i o n  t u b i n g ,  a n d  i n j e c t i o n  e q u i p m e n t

M a t e ri a l s  t y p e Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g / l

A u s t e n i t i c  

s t a i n l e s s  s t e e l  

fro m  m a t e ri a l s  

g ro u p  d e s c ri b e d  

i n  A. 2

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a T h e s e  m a t e ri a l s  h a v e  

b e e n  u s e d  fo r t h e s e  

c o m p o n e n t s  w i t h o u t  

re s t ri c t i o n  o n  

t e m p e ra t u re ,  ρH
2

S ,  C l −,  

o r i n  s i t u  p H  i n  

p ro d u c t i o n  

e n v i ro n m e n t s .  N o  l i m i t s  

o n  i n d i v i d u a l  p a ra m e t e rs  

a re  s e t ,  b u t  s o m e  

c o m b i n a t i o n s  o f 

t h e  v a l u e s  o f t h e s e  

p a ra m e t e rs  m i g h t  n o t  

b e  a c c e p t a b l e .

a    N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .

 

A . 2 . 3  We l d i n g  o f a u s t e n i t i c  s t a i n l e s s  s t e e l s  o f t h i s  m a t e ri a l s  g ro u p

 T h e  re q u i re m e n t s  fo r t h e  c ra c k i n g - re s i s t a n c e  p ro p e rt i e s  o f w e l d s  s h a l l  a p p l y  ( s e e  6 . 2 . 2 ) .

 T h e  h a rd n e s s  o f t h e  H AZ  a ft e r w e l d i n g  s h a l l  n o t  e x c e e d  t h e  m a x i m u m  h a rd n e s s  a l l o w e d  fo r t h e  

b a s e  m e t a l  a n d  t h e  h a rd n e s s  o f t h e  w e l d  m e t a l  s h a l l  n o t  e x c e e d  t h e  m a x i m u m  h a rd n e s s  l i m i t  o f 

t h e  re s p e c t i v e  a l l o y  u s e d  fo r t h e  w e l d i n g  c o n s u m a b l e .

 Austenitic	 stainless	 steel, 	 “L”, 	 f l ler	 metal 	 shal l 	 have	 a	 maximum	 carbon 	 content	 of	 0.03	 %	 mass	

fra c t i o n .

 We l d m e n t s  m a y  b e  re p a i r- w e l d e d  i f t h e y  m e e t  t h e  w e l d i n g  p ro c e d u re  re q u i re m e n t s .

A . 3  Highly	 al loyed 	 austenitic	 stainless	 steels	 (identifed 	 as	 material 	 types	 and 	 as	 individual 	 al loys)

A . 3 . 1  M a t e ri a l s  c h e m i c a l  c o m p o s i t i o n s

 H i g h l y  a l l o y e d  a u s t e n i t i c  s t a i n l e s s  s h a l l  b e  a s  re q u i re d  i n  Ta b l e  A. 8  a n d  Ta b l e  A. 9 .  F re e - m a c h i n i n g  

h i g h l y  a l l o y e d  a u s t e n i t i c  s t a i n l e s s  s t e e l s  s h a l l  n o t  b e  u s e d .

 F re e - m a c h i n i n g  h i g h l y  a l l o y e d  a u s t e n i t i c  s t a i n l e s s  s t e e l s  s h a l l  n o t  b e  u s e d .

A . 3 . 2  E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r t h e  u s e s  o f h i g h l y  a l l o y e d  a u s t e n i t i c  s t a i n l e s s  s t e e l s
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Ta b l e  A . 8  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r h i g h l y - a l l o y e d  a u s t e n i t i c  s t a i n l e s s  s t e e l s   

u s e d  fo r a n y  e q u i p m e n t  o r c o m p o n e n t s

M a t e ri a l s  

t y p e /  

i n d i v i d u a l  

a l l o y  

U N S  

n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g / l

M a t e ri a l s  

t y p e  

3 a ,  3 b ,  a n d  

J 9 3 2 5 4

6 0  ( 1 4 0 ) 1 0 0  ( 1 5 ) S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N o A n y  c o m b i n a t i o n s  o f c h l o ri d e  

c o n c e n t ra t i o n ,  a n d  i n  s i t u  p H  

o c c u rri n g  i n  p ro d u c t i o n  

e n v i ro n m e n t s  a re  a c c e p t a b l e .

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

5 0 S e e  

“ R e m a rk s ”  

c o l u m n

N o T h e s e  m a t e ri a l s  h a v e  b e e n  u s e d  

w i t h o u t  re s t ri c t i o n s  o n  t e m p e ra t u re ,  

ρH
2

S ,  o r i n  s i t u  p H  i n  p ro d u c t i o n  

e n v i ro n m e n t s .  N o  l i m i t s  o n  

i n d i v i d u a l  p a ra m e t e rs  a re  s e t ,  b u t  

s o m e  c o m b i n a t i o n s  o f t h e  v a l u e s  

o f t h e s e  p a ra m e t e rs  m i g h t  n o t  b e  

a c c e p t a b l e .

M a t e ri a l s  

t y p e  

3 b

1 2 1  ( 2 5 0 ) 7 0 0  ( 1 0 0 ) 5  0 0 0 S e e  

“ R e m a rk s ”  

c o l u m n

N o T h e  i n  s i t u  p H  v a l u e s  o c c u rri n g  

i n  p ro d u c t i o n  e n v i ro n m e n t s  a re  

a c c e p t a b l e .

1 4 9  ( 3 0 0 ) 3 1 0  ( 4 5 ) 5  0 0 0 S e e  

“ R e m a rk s ”  

c o l u m n

N o

1 7 1  ( 3 4 0 ) 1 0 0  ( 1 5 ) 5  0 0 0 S e e  

“ R e m a rk s ”  

c o l u m n

N o

N 0 8 9 2 6 1 2 1  ( 2 5 0 ) 7 0 0  ( 1 0 0 ) 6 5  0 0 0 ≥3.5;  

S e e  a l s o  

“ R e m a rk s ”  

c o l u m n

N o p H  e s t i m a t e d  fro m  l a b o ra t o ry  

t e s t  c o n d i t i o n s .

U N S  N 0 8 9 2 6  i s  m a t e ri a l  

t y p e  3 b  t e s t e d  t o  h i g h e r l i m i t s  

o f c h l o ri d e  c o n c e n t ra t i o n  t h a n  

a p p l y  fo r t h e  m a t e ri a l s  t y p e  a s  

a  w h o l e .

J 9 5 3 7 0 1 5 0  ( 3 0 2 ) 7 0 0 1 0 1  0 0 0 S e e  

“ R e m a rk s ”  

c o l u m n

N o T h e  i n  s i t u  p H  v a l u e s  o c c u rri n g  

i n  p ro d u c t i o n  e n v i ro n m e n t s  a re  

a c c e p t a b l e .

T h e s e  m a t e ri a l s  s h a l l  a l s o  c o n fo rm  w i t h  t h e  fo l l o w i n g :

—   m a t e ri a l s  t y p e  3 a  s h a l l  b e  h i g h l y  a l l o y e d  a u s t e n i t i c  s t a i n l e s s  s t e e l  w i t h  (w
N i

 +  2w
M o

)  >  3 0   

( w h e re  w
M o  

h a s  a  m i n i m u m  v a l u e  o f 2  % ) .  T h e  s y m b o l  w re p re s e n t s  t h e  p e rc e n t a g e  m a s s  fra c t i o n   

o f t h e  e l e m e n t  i n d i c a t e d  b y  t h e  s u b s c ri p t ;

—   m a t e ri a l s  t y p e  3 b  s h a l l  b e  h i g h l y  a l l o y e d  a u s t e n i t i c  s t a i n l e s s  s t e e l  w i t h  F
P R E N

 >  4 0 . 0 ;

—   m a t e ri a l s  t y p e s  3 a  a n d  3 b  ( i n c l u d i n g  N 0 8 9 2 6 )  s h a l l  b e  i n  t h e  s o l u t i o n - a n n e a l e d  c o n d i t i o n ;

—   U N S  J 9 3 2 5 4  ( C K 3 M c u N ,  c a s t  2 5 4 S M O )  i n  a c c o rd a n c e  w i t h  AS T M  A3 5 1 ,  AS T M  A7 4 3 ,  o r AS T M  A7 4 4   

s h a l l  b e  i n  t h e  c a s t ,  s o l u t i o n  h e a t - t re a t e d  a n d  w a t e r- q u e n c h e d  c o n d i t i o n ,  a n d  s h a l l  h a v e  a  m a x i m u m   

h a rd n e s s  o f 1 0 0  H R B ;

—   U N S  J 9 5 3 7 0  s h a l l  b e  i n  t h e  s o l u t i o n  h e a t - t re a t e d  a n d  w a t e r- q u e n c h e d  c o n d i t i o n  a n d  s h a l l  h a v e   

a  m a x i m u m  h a rd n e s s  o f 9 4  H R B .
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P a rt  3 - 2 7

Ta b l e  A . 9  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r h i g h l y - a l l o y e d  a u s t e n i t i c  s t a i n l e s s  s t e e l s   

u s e d  fo r d o wn h o l e  t u b u l a r c o m p o n e n t s  a n d  p a c k e rs  a n d  o t h e r s u b s u rfa c e  e q u i p m e n t

M a t e ri a l s  t y p e /  

i n d i v i d u a l  a l l o y  

U N S  n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g / l

M a t e ri a l s  

t y p e  3 a  a n d  3 b

6 0  ( 1 4 0 ) 1 0 0  ( 1 5 ) S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N o A n y  c o m b i n a t i o n  o f 

c h l o ri d e  c o n c e n t ra t i o n  

a n d  i n  s i t u  p H  o c c u rri n g  i n  

p ro d u c t i o n  e n v i ro n m e n t s  

i s  a c c e p t a b l e .

M a t e ri a l s  

t y p e  3 a

6 0  ( 1 4 0 ) 3 5 0  ( 5 0 ) 5 0 S e e  

“ R e m a rk s ”  

c o l u m n

N o T h e  i n  s i t u  p H  v a l u e s  

o c c u rri n g  i n  p ro d u c t i o n  

e n v i ro n m e n t s  a re  

a c c e p t a b l e .
M a t e ri a l s  

t y p e  3 b

1 2 1  ( 2 5 0 ) 7 0 0  ( 1 0 0 ) 5  0 0 0 S e e  

“ R e m a rk s ”  

c o l u m n

N o

1 4 9  ( 3 0 0 ) 3 1 0  ( 4 5 ) 5  0 0 0 S e e  

“ R e m a rk s ”  

c o l u m n

N o

1 7 1  ( 3 4 0 ) 1 0 0  ( 1 5 ) 5  0 0 0 S e e  

“ R e m a rk s ”  

c o l u m n

N o

N 0 8 9 2 6 1 2 1  ( 2 5 0 ) 7 0 0  ( 1 0 0 ) 6 5  0 0 0 ≥3,5;  

S e e  a l s o  

“ R e m a rk s ”  

c o l u m n

N o p H  i s  e s t i m a t e d  fro m  

l a b o ra t o ry  t e s t  c o n d i t i o n s .

U N S  N 0 8 9 2 6  i s  m a t e ri a l  

t y p e  3 b  t e s t e d  t o  h i g h e r 

l i m i t s  o f c h l o ri d e  

c o n c e n t ra t i o n  t h a n  a p p l y  

fo r t h e  m a t e ri a l s  t y p e  a s  a  

w h o l e .

F o r t h e s e  a p p l i c a t i o n s ,  t h e s e  m a t e ri a l s  s h a l l  a l s o  c o n fo rm  w i t h  t h e  fo l l o w i n g :

— h i g h l y  a l l o y e d  a u s t e n i t i c  s t a i n l e s s  s t e e l s  u s e d  fo r d o w n h o l e  t u b u l a r c o m p o n e n t s  s h a l l  c o n t a i n  a t  l e a s t  t h e s e  e l e m e n t s ,  

e x p re s s e d  a s  p e rc e n t a g e  m a s s  fra c t i o n s :  C ,  0 . 0 8  %  m a x ;  C r,  1 6  %  m i n ;  N i ,  8  %  m i n ;  P,  0 . 0 3  %  m a x ;  S ,  0 . 0 3 0  %  m a x ;  M n ,  

2  %  m a x ;  a n d  S i ,  0 . 5  %  m a x .  O t h e r a l l o y i n g  e l e m e n t s  m a y  b e  a d d e d ;

—   m a t e ri a l s  t y p e  3 a  s h a l l  b e  h i g h l y  a l l o y e d  a u s t e n i t i c  s t a i n l e s s  s t e e l  w i t h  (w
N i

 +  2w
M o

)  >  3 0  ( w h e re  w
M o  

h a s  a  m i n i m u m  v a l u e  o f 

2  % ) ;

—   m a t e ri a l s  t y p e  3 b  s h a l l  b e  h i g h l y  a l l o y e d  a u s t e n i t i c  s t a i n l e s s  s t e e l  w i t h  a  F
P R E N

 >  4 0 . 0 .

Al l  t h e  a b o v e  a l l o y s  s h a l l  b e  i n  t h e  s o l u t i o n - a n n e a l e d  a n d  c o l d - w o rk e d  c o n d i t i o n  w i t h  a  m a x i m u m  h a rd n e s s  o f 3 5  H R C .
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P a rt  3 - 2 8

Ta b l e  A . 1 0  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r h i g h l y - a l l o y e d  a u s t e n i t i c  s t a i n l e s s  s t e e l s  u s e d  i n  g a s  l i ft  s e rv i c e

M a t e ri a l s  t y p e Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g /l

H i g h l y  a l l o y e d  

a u s t e n i t i c  

s t a i n l e s s  s t e e l  

fro m  m a t e ri a l s  

g ro u p  d e s c ri b e d  

i n  A . 3

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a T h e s e  m a t e ri a l s  h a v e  b e e n  

u s e d  fo r t h e s e  c o m p o n e n t s  

w i t h o u t  re s t ri c t i o n  o n  

t e m p e ra t u re ,  ρH
2

S ,  C l−,  o r 

i n  s i t u  p H  i n  p ro d u c t i o n  

e n v i ro n m e n t s .  N o  l i m i t s  o n  

i n d i v i d u a l  p a ra m e t e rs  a re  

s e t ,  b u t  s o m e  c o m b i n a ti o n s  

o f t h e  v a l u e s  o f t h e s e  

p a ra m e t e rs  m i g h t  n o t  b e  

a c c e p t a b l e .

a    N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .

Ta b l e  A . 1 1  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r h i g h l y  a l l o y e d  a u s t e n i t i c  s t a i n l e s s  s t e e l s  u s e d  a s  i n s t ru m e n t  t u b i n g ,  

c o n t ro l - l i n e  t u b i n g ,  c o m p re s s i o n  f t t i n g s ,  a n d  s u rfa c e  a n d  d o wn h o l e  s c re e n  d e v i c e s

I n d i v i d u a l  a l l o y  

U N S  n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g /l

M a t e ri a l s  

t y p e s  3 a  a n d  3 b

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a T h e s e  m a t e ri a l s  h a v e  b e e n  

u s e d  fo r t h e s e  c o m p o n e n t s  

w i t h o u t  re s t ri c t i o n  o n  

t e m p e ra t u re ,  pH
2

S ,  C l−,  o r 

i n  s i t u  p H  i n  p ro d u c t i o n  

e n v i ro n m e n t s .  N o  l i m i t s  

o n  i n d i v i d u a l  p a ra m e t e rs  

a re  s e t ,  b u t  s o m e  

c o m b i n a t i o n s  o f t h e  v a l u e s  

o f t h e s e  p a ra m e t e rs  m i g h t  

n o t  b e  a c c e p t a b l e .

N 0 8 9 0 4 S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a A n y  c o m b i n a t i o n  o f 

t e m p e ra t u re ,  ρH
2

S ,  

c h l o ri d e  c o n c e n t ra t i o n ,  

a n d  i n  s i t u  p H  o c c u rri n g  i n  

p ro d u c t i o n  e n v i ro n m e n t s  

i s  a c c e p t a b l e .

M a t e ri a l s  t y p e  3 a  s h a l l  b e  h i g h l y  a l l o y e d  a u s t e n i t i c  s t a i n l e s s  s t e e l  w i t h  (w
N i

 +  2w
M o

)  >  3 0  ( w h e re  w
M o  

h a s  a  m i n i m u m  v a l u e  o f 2  %  

m a s s  fra c t i o n ) .  T h e  s y m b o l  w re p re s e n t s  t h e  p e rc e n t a g e  m a s s  fra c t i o n  o f t h e  e l e m e n t  i n d i c a t e d  b y  t h e  s u b s c ri p t .

M a t e ri a l s  t y p e  3 b  s h a l l  b e  h i g h l y  a l l o y e d  a u s t e n i t i c  s t a i n l e s s  s t e e l  w i t h  a  F
P R E N

 >  4 0 . 0 .

Wro u g h t  N 0 8 9 0 4  fo r u s e  a s  i n s t ru m e n t  t u b i n g  s h a l l  b e  i n  t h e  a n n e a l e d  c o n d i t i o n  w i t h  a  m a x i m u m  h a rd n e s s  o f 1 8 0  H V 1 0 .

a    N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .
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P a rt  3 - 2 9

A. 3 . 3  We l d i n g  h i g h l y  a l l o y e d  a u s t e n i t i c  s t a i n l e s s  s t e e l s  o f t h i s  m a t e ri a l s  g ro u p

 T h e  re q u i re m e n t s  fo r t h e  c ra c k i n g - re s i s t a n c e  p ro p e rt i e s  o f w e l d s  s h a l l  a p p l y  ( s e e  6 . 2 . 2 ) .

 T h e  h a rd n e s s  o f t h e  H AZ  a ft e r w e l d i n g  s h a l l  n o t  e x c e e d  t h e  m a x i m u m  h a rd n e s s  a l l o w e d  fo r t h e  

b a s e  m e t a l ,  a n d  t h e  h a rd n e s s  o f t h e  w e l d  m e t a l  s h a l l  n o t  e x c e e d  t h e  m a x i m u m  h a rd n e s s  l i m i t  o f 

t h e  re s p e c t i v e  a l l o y  u s e d  fo r t h e  w e l d i n g  c o n s u m a b l e .

 We l d m e n t s  m a y  b e  re p a i r- w e l d e d  i f t h e y  m e e t  t h e  w e l d  p ro c e d u re  re q u i re m e n t s .

A . 4  Solid-solution 	 nickel-based	 al loys	 (identifed 	 as	 material 	 types	 and 	 as	 individual 	 al loys)

A. 4 . 1  M a t e ri a l s  c h e m i c a l  c o m p o s i t i o n s

 Ta b l e  A. 1 2  p ro v i d e s  a  b re a k d o w n  o f t h i s  m a t e ri a l s  g ro u p  i n t o  t y p e s  4 a ,  4 b ,  4 c ,  4 d ,  a n d  4 e  u s e d  i n  

Ta b l e  A. 1 3  a n d  Ta b l e  A. 1 4 .

Ta b l e  A . 1 2  — M a t e ri a l s  t y p e s  o f s o l i d - s o l u t i o n  n i c k e l - b a s e d  a l l o y s

M a t e ri a l s  

t y p e

C r 

m a s s  fra c t i o n

N i  +  C o  

m a s s  fra c t i o n

M o  

m a s s  fra c t i o n

M o  +  W  

m a s s  fra c t i o n

M e t a l l u rg i c a l  

c o n d i t i o n

m i n m i n m i n m i n

% % % %

Ty p e  4 a 1 9 . 0 2 9 . 5 2 . 5 —
S o l u t i o n - a n n e a l e d  o r 

a n n e a l e d

Ty p e  4 b 1 4 . 5 5 2 1 2 —
S o l u t i o n - a n n e a l e d  o r 

a n n e a l e d

Ty p e  4 c 1 9 . 5 2 9 . 5 2 . 5 —
S o l u t i o n - a n n e a l e d  o r 

a n n e a l e d  a n d  c o l d - w o rk e d

Ty p e  4 d 1 9 . 0 4 5 — 6
S o l u t i o n - a n n e a l e d  o r 

a n n e a l e d  a n d  c o l d - w o rk e d

Ty p e  4 e 1 4 . 5 5 2 1 2 —
S o l u t i o n - a n n e a l e d  o r 

a n n e a l e d  a n d  c o l d - w o rk e d

Ty p e  4 fa 2 0 . 0 5 8 1 5 . 5 — a )  S o l u t i o n - a n n e a l e d  o r 

a n n e a l e d  a n d  c o l d -

w o rk e d  c o n d i t i o n

b )  S o l u t i o n - a n n e a l e d  o r 

a n n e a l e d  a n d  c o l d -

w o rk e d  a n d  a g e d  

c o n d i t i o n

a    T h e  t y p e  4 f fa m i l y  i s  c u rre n t l y  l i m i t e d  t o  o n l y  U N S  N 0 7 0 2 2 .

A. 4 . 2  E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r t h e  u s e s  o f s o l i d - s o l u t i o n  n i c k e l - b a s e d  a l l o y s
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P a rt  3 - 3 0

Ta b l e  A . 1 3  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r s o l i d - s o l u t i o n  n i c k e l - b a s e d  a l l o y s   

u s e d  i n  a n y  e q u i p m e n t  o r c o m p o n e n t

M a t e ri a l s  t y p e /  

i n d i v i d u a l  a l l o y  

U N S  n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g / l

A n n e a l e d  a l l o y s  

o f t y p e s  4 a  a n d  

4 b

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

Ye s T h e s e  m a t e ri a l s  h a v e  

b e e n  u s e d  w i t h o u t  

re s t ri c t i o n  o n  

t e m p e ra t u re ,  ρH 2 S ,  

c h l o ri d e  c o n c e n t ra t i o n ,  

o r i n  s i t u  p H  i n  p ro d u c t i o n  

e n v i ro n m e n t s .  N o  l i m i t s  

o n  i n d i v i d u a l  p a ra m e t e rs  

a re  s e t ,  b u t  s o m e  

c o m b i n a t i o n s  o f t h e  

v a l u e s  o f t h e s e  

p a ra m e t e rs  m i g h t n o t  b e  

a c c e p t a b l e .

N 0 4 4 0 0  

N 0 4 4 0 5

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a

Wro u g h t  o r c a s t  s o l i d - s o l u t i o n  n i c k e l - b a s e d  p ro d u c t s  m a d e  fro m  a l l o y s  o f t y p e s  4 a  a n d  4 b  s h a l l  b e  i n  t h e  s o l u t i o n - a n n e a l e d  o r 

a n n e a l e d  c o n d i t i o n .

U N S  N 0 4 4 0 0  a n d  U N S  N 0 4 4 0 5  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 3 5  H R C .

We l l h e a d  a n d  c h ri s t m a s  t re e  c o m p o n e n t s  s h a l l  a l s o  b e  i n  a c c o rd a n c e  w i t h  I S O  1 0 4 2 3 .

a     N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .
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P a rt  3 - 3 1

Ta b l e  A . 1 4  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r a n n e a l e d  a n d  c o l d - wo rk e d ,   

s o l i d - s o l u t i o n  n i c k e l - b a s e d  a l l o y s  u s e d  a s  a n y  e q u i p m e n t  o r c o m p o n e n t a

M a t e ri a l s  
t y p e

Te m p e ra t u re P a rt i a l  
p re s s u re  

H
2

S  
ρH

2
S

C h l o ri d e  
c o n c .

p H S u l fu r-  
re s i s t a n t ?

Re m a rks

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g /l

C o l d - w o rk e d  
a l l o y s  o f t y p e s  

4 c ,  4 d  a n d  4 e

2 3 2  ( 4 5 0 ) 2 0 0  ( 3 0 )
S e e  

“ R e m a rk s ”  
c o l u m n

S e e  
“ R e m a rk s ”  

c o l u m n
N o

An y  c o m b i n a ti o n  o f c h l o ri d e  co n ce n tra ti o n  
a n d  i n  s i tu  p H  o cc u rri n g  i n  p ro d u cti o n  
e n v i ro n m e n ts  i s  a c ce p ta b l e .

2 1 8  ( 4 2 5 ) 7 0 0  ( 1 0 0 )
S e e  

“ R e m a rk s ”  
c o l u m n

S e e  
“ R e m a rk s ”  

c o l u m n
N o

2 0 4  ( 4 0 0 ) 1  0 0 0  ( 1 5 0 )
S e e  

“ R e m a rk s ”  
c o l u m n

S e e  
“ R e m a rk s ”  

c o l u m n
N o

1 7 7  ( 3 5 0 ) 1  4 0 0  ( 2 0 0 )
S e e  

“ R e m a rk s ”  
c o l u m n

S e e  
“ R e m a rk s ”  

c o l u m n
N o

1 3 2  ( 2 7 0 )
S e e  

“ R e m a rk s ”  
c o l u m n

S e e  
“ R e m a rk s ”  

c o l u m n

S e e  
“ R e m a rk s ”  

c o l u m n
Ye s

Any	 combination	 of	 hydrogen	 sulfde, 	
ch l o ri d e  co n ce n tra ti o n ,  a n d  i n  s i tu  p H  i n  
p ro d u cti o n  e n v i ro n m e n ts  i s  a c ce p ta b l e .

C o l d - w o rk e d  
a l l o y s  o f t y p e s  

4 d  a n d  4 e

2 1 8  ( 4 2 5 ) 2  0 0 0  ( 3 0 0 )
S e e  

“ R e m a rk s ”  
c o l u m n

S e e  
“ R e m a rk s ”  

c o l u m n
N o

An y  c o m b i n a ti o n  o f c h l o ri d e  co n ce n tra ti o n  
a n d  i n  s i tu  p H  o cc u rri n g  i n  p ro d u cti o n  
e n v i ro n m e n ts  i s  a c ce p ta b l e .

1 4 9  ( 3 0 0 )
S e e  

“ R e m a rk s ”  
c o l u m n

S e e  
“ R e m a rk s ”  

c o l u m n

S e e  
“ R e m a rk s ”  

c o l u m n
Ye s

Any	 combinations	 of	 hydrogen	 sulfde, 	
ch l o ri d e  co n ce n tra ti o n ,  a n d  i n  s i tu  p H  i n  
p ro d u cti o n  e n v i ro n m e n ts  a re  a c ce p ta b l e .

C o l d - w o rk e d  
a l l o y s  o f 

t y p e  4 e

2 3 2  ( 4 5 0 )
7  0 0 0  

( 1  0 0 0 )

S e e  
“ R e m a rk s ”  

c o l u m n

S e e  
“ R e m a rk s ”  

c o l u m n
Ye s

An y  c o m b i n a ti o n  o f c h l o ri d e  co n ce n tra ti o n  
a n d  i n  s i tu  p H  o cc u rri n g  i n  p ro d u cti o n  
e n v i ro n m e n ts  i s  a c ce p ta b l e .

2 0 4  ( 4 0 0 )
S e e  

“ R e m a rk s ”  
c o l u m n

S e e  
“ R e m a rk s ”  

c o l u m n

S e e  
“ R e m a rk s ”  

c o l u m n
Ye s

Any	 combination	 of	 hydrogen	 sulfde, 	
ch l o ri d e  co n ce n tra ti o n ,  a n d  i n  s i tu  p H  i n  
p ro d u cti o n  e n v i ro n m e n ts  i s  a c ce p ta b l e .

C o l d - w o rk e d  
a l l o y s  o f t y p e  4 f

2 0 4  ( 4 0 0 )
3  5 0 0  

( 5 0 0 )
1 8 0  0 0 0

S e e  
“ R e m a rk s ”  

c o l u m n
Ye s

An y  i n  s i tu  p ro d u c ti o n  e n vi ro n m e n t p H  i s  
a cc e p ta b l e  fo r ρC O

2
 +  ρH

2
S	 ≤	 7	 000	 kPa	

( 1  0 0 0  p s i )

2 8 8  ( 5 5 0 )
7  0 0 0  

( 1  0 0 0 )
1 8 0  0 0 0

S e e  
“ R e m a rk s ”  

c o l u m n
N D S b

An y  i n  s i tu  p ro d u c ti o n  e n vi ro n m e n t p H  i s  
a cc e p ta b l e  fo r ρC O

2
 s u ch  th a t:  

F o r ρH
2

S  <  3  0 0 0  kP a  ( 4 5 0  p s i ) :  
ρC O

2
 +  ρH

2
S	 ≤	 1 0	 000	 kPa  

( 1  4 5 0  p s i ) .

F o r ρH
2

S  fro m  3  0 0 0  kP a  to  7  0 0 0  kP a :  
ρC O

2
	 ≤	 7	 000	 kPa	 (1 	 000	 psi).

Wro u g h t o r ca s t s o l i d - s o l u ti o n  n i cke l - b a s e d  p ro d u cts  i n  th e s e  a p p l i ca ti o n s  s h a l l  b e  i n  th e  a n n e a l e d  a n d  co l d - wo rke d  co n d i ti o n  o r a n n e a l e d ,  co l d -
wo rke d ,  a n d  a g e d  fo r typ e  4 f a n d  s h a l l  m e e t a l l  o f th e  fo l l o wi n g  a s  a p p l i ca b l e :

1 )    th e  m a xi m u m  h a rd n e s s  va l u e  fo r typ e s  4 c,  4 d ,  a n d  4 e  i n  th e s e  a p p l i ca ti o n s  s h a l l  b e  4 0  H RC ;

2 )    th e  m a xi m u m  yi e l d  s tre n g th  o f th e  a l l o ys  a ch i e ve d  b y co l d  wo rk s h a l l  b e

       —   typ e  4 c:  1  0 3 4  M P a  ( 1 5 0  ks i ) ;

       —   typ e  4 d :  1  0 3 4  M P a  ( 1 5 0  ks i ) ;

       —   typ e  4 e :  1  2 4 0  M P a  ( 1 8 0  ks i ) .

3 )    U N S  N 1 0 2 7 6  ( Typ e  4 e )  wh e n  u s e d  a t a  m i n i m u m  te m p e ra tu re  o f 1 2 1  ° C  ( 2 5 0  ° F )  s h a l l  h a ve  a  m a xi m u m  h a rd n e s s  o f 4 5  H RC ;

4 )    U N S  N 0 7 0 2 2  ( Typ e  4 f)  i n  th e  a n n e a l e d  a n d  co l d - wo rke d  co n d i ti o n  s h a l l  h a ve  a  m a xi m u m  h a rd n e s s  o f 4 3  H RC  a n d  a  m a xi m u m  yi e l d  s tre n g th  o f 1  
4 1 3  M P a  ( 2 0 5  ks i ) ;

5 )    U N S  N 0 7 0 2 2  ( Typ e  4 f)  i n  th e  a n n e a l e d  a n d  co l d - wo rke d  a n d  a g e d  co n d i ti o n  s h a l l  h a ve  a  m a xi m u m  h a rd n e s s  o f 4 7  H RC  a n d  a  m a xi m u m  yi e l d  
s tre n g th  o f 1  4 2 0  M P a  ( 2 0 6  ks i ) .

a    T h e  l i m i ts  o f a p p l i ca ti o n  o f th e  m a te ri a l s  typ e s  4 c,  4 d ,  a n d  4 e  i n  th i s  ta b l e  o ve rl a p .

b    N o  d a ta  s u b m i tte d  to  a s ce rta i n  wh e th e r th e s e  m a te ri a l s  a re  a cce p ta b l e  fo r s e rvi ce  i n  th e  p re s e n ce  o f e l e m e n ta l  s u l fu r i n  th e  e n vi ro n m e n t.
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P a rt  3 - 3 2

Ta b l e  A . 1 5  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r n i c k e l - b a s e d  a l l o y s  u s e d  fo r b e a ri n g  p i n s

I n d i v i d u a l  a l l o y  

U N S  n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g /l

N 1 0 2 7 6 S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a An y  c o m b i n a t i o n  o f 

t e m p e ra t u re ,  ρH
2

S ,  

c h l o ri d e  c o n c e n t ra t i o n ,  

a n d  i n  s i t u  p H  o c c u rri n g  i n  

p ro d u c t i o n  e n v i ro n m e n t s  

i s  a c c e p t a b l e .

N 1 0 2 7 6  b e a ri n g  p i n s ,  e . g . ,  c o re  ro l l  p i n s ,  s h a l l  b e  i n  t h e  c o l d - w o rk e d  c o n d i t i o n  w i t h  a  m a x i m u m  h a rd n e s s  o f 4 5  H R C .

a    N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .

Ta b l e  A . 1 6  —E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r n i c k e l - b a s e d  a l l o y s  u s e d  i n  g a s  l i ft  s e rv i c e  a n d  fo r d o wn h o l e  ru n n i n g ,  

s e t t i n g ,  a n d  s e rv i c e  t o o l  a p p l i c a t i o n s  fo r t e m p o ra ry  s e rv i c e

I n d i v i d u a l  a l l o y  

U N S  n u m b e r

Te m p e ra t u re

P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .
p H

S u l fu r-  

re s i s t a n t ?
R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g / l

ρH
2

S

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a

T h e s e  m a t e ri a l s  h a v e  b e e n  

u s e d  fo r t h e s e  c o m p o n e n t s  

w i t h o u t  re s t ri c t i o n  o n  

t e m p e ra t u re ,  ρH
2

S ,  C l −,  

o r i n  s i t u  p H  i n  p ro d u c t i o n  

e n v i ro n m e n t s .  N o  l i m i t s  o n  

i n d i v i d u a l  p a ra m e t e rs  a re  

s e t ,  b u t  s o m e  c o m b i n a ti o n s  

o f t h e  v a l u e s  o f t h e s e  

p a ra m e t e rs  m i g h t  n o t  b e  

a c c e p t a b l e .

a     N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .

A. 4 . 3  We l d i n g  s o l i d - s o l u t i o n  n i c k e l - b a s e d  a l l o y s  o f t h i s  m a t e ri a l s  g ro u p

 T h e  re q u i re m e n t s  fo r t h e  c ra c k i n g - re s i s t a n c e  p ro p e rt i e s  o f w e l d s  s h a l l  a p p l y  ( s e e  6 . 2 . 2 ) .

 T h e  h a rd n e s s  o f t h e  H AZ  a ft e r w e l d i n g  s h a l l  n o t  e x c e e d  t h e  m a x i m u m  h a rd n e s s  a l l o w e d  fo r t h e  

b a s e  m e t a l  a n d  t h e  h a rd n e s s  o f t h e  w e l d  m e t a l  s h a l l  n o t  e x c e e d  t h e  m a x i m u m  h a rd n e s s  l i m i t  o f 

t h e  re s p e c t i v e  a l l o y  u s e d  fo r t h e  w e l d i n g  c o n s u m a b l e .

 T h e re  a re  n o  h a rd n e s s  re q u i re m e n t s  fo r w e l d i n g  s o l i d - s o l u t i o n  n i c k e l - b a s e d  a l l o y s  w i t h  s o l i d - s o l u -

t i o n  n i c k e l - b a s e d  w e l d  m e t a l .

A . 5  Ferritic	 stainless	 steels	 (identifed 	 as	 material 	 type)

A. 5 . 1  E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r t h e  u s e s  o f fe rri t i c  s t a i n l e s s  s t e e l s
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P a rt  3 - 3 3

Ta b l e  A . 1 7  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r fe rri t i c  s t a i n l e s s  s t e e l s  u s e d  fo r a n y  e q u i p m e n t  o r c o m p o n e n t s

M a t e ri a l s  

t y p e

Te m p e ra t u re

P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .
p H

S u l fu r-  

re s i s t a n t ?
R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g /l

F e rri t i c  s t a i n l e s s  

s t e e l s  fro m  

m a t e ri a l s  t y p e  

d e s c ri b e d  

i n  A . 5

S e e  

“ R e m a rk s ”  

c o l u m n

1 0  ( 1 . 5 )

S e e  

“ R e m a rk s ”  

c o l u m n

≥3.5 N D S a

S u b j e c t  t o  l i m i t a t i o n s  o n  

ρH
2

S  a n d  p H .  T h e s e  m a t e ri a l s  

h a v e  b e e n  u s e d  w i t h o u t  

re s t ri c t i o n s  o n  t e m p e ra t u re  

o r c h l o ri d e  c o n c e n t ra t i o n  i n  

p ro d u c t i o n  e n v i ro n m e n t s .  

N o  l i m i t s  o n  t h e s e  t w o  

p a ra m e t e rs  a re  s e t ,  b u t  s o m e  

c o m b i n a t i o n s  o f t h e i r v a l u e s  

m i g h t  n o t  b e  a c c e p t a b l e .

T h e s e  m a t e ri a l s  s h a l l  b e  i n  t h e  a n n e a l e d  c o n d i t i o n  a n d  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 2 2  H R C .

a    N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .

A. 5 . 2  We l d i n g  o f fe rri t i c  s t a i n l e s s  s t e e l s  o f t h i s  m a t e ri a l s  g ro u p

 T h e  re q u i re m e n t s  fo r t h e  c ra c k i n g - re s i s t a n c e  p ro p e rt i e s  o f w e l d s  s h a l l  a p p l y  ( s e e  6 . 2 . 2 ) .

 Hardness	 testing 	 of	 qual ifcation 	 welds	 shall 	 be	 carried 	 out	 and 	 the	 maximum	 hardness	 shal l 	 be	

2 5 0  H V  o r,  i f a  d i ffe re n t  h a rd n e s s  t e s t  m e t h o d  i s  p e rm i t t e d ,  i t s  e q u i v a l e n t .

A . 6  Martensitic	 (stainless)	 steels	 (identifed 	 as	 individual 	 al loys)

A. 6 . 1  M a t e ri a l s  c h e m i c a l  c o m p o s i t i o n s

 F re e - m a c h i n i n g  m a rt e n s i t i c  s t a i n l e s s  s t e e l s  s h a l l  n o t  b e  u s e d .

A. 6 . 2  E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r t h e  u s e s  o f m a rt e n s i t i c  s t a i n l e s s  s t e e l s
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©2 0 2 2  As s o c i a t i o n  fo r M a t e ri a l s  P ro t e c t i o n  a n d  P e rfo rm a n c e  ( A M P P )  a n d  I n t e rn a t i o n a l  O rg a n i z a t i o n  fo r S t a n d a rd i z a t i o n  ( I S O ) .  Al l  ri g h t s  re s e rv e d .  

P a rt  3 - 3 4

Ta b l e  A . 1 8  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r m a rt e n s i t i c  s t a i n l e s s  s t e e l s  u s e d  fo r a n y  e q u i p m e n t  o r c o m p o n e n t s

I n d i v i d u a l  a l l o y  

U N S  n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g /l

S 4 1 0 0 0  

S 4 1 5 0 0  

S 4 2 0 0 0  

J 9 1 1 5 0  

J 9 1 1 5 1  

J 9 1 5 4 0  

S 4 2 4 0 0

S e e  

“ R e m a rk s ”  

c o l u m n

1 0  ( 1 . 5 ) S e e  

“ R e m a rk s ”  

c o l u m n

≥3.5 N D S a S u b j e c t  t o  l i m i t a t i o n s  o n  t h e  

i n  s i t u  p H  a n d  p H 2 S ,  t h e s e  

m a t e ri a l s  h a v e  b e e n  u s e d  fo r 

t h e s e  c o m p o n e n t s  w i t h o u t  

re s t ri c t i o n  o n  t e m p e ra t u re  

a n d  c h l o ri d e  c o n c e n t ra t i o n  i n  

p ro d u c t i o n  e n v i ro n m e n t s .  N o  

l i m i t s  o n  t h e s e  p a ra m e t e rs  a re  

s e t ,  b u t  s o m e  c o m b i n a t i o n s  

o f t h e i r v a l u e s  m i g h t  n o t  b e  

a c c e p t a b l e .

S 4 1 4 2 5 S e e  

“ R e m a rk s ”  

c o l u m n

1 0  ( 1 . 5 ) S e e  

“ R e m a rk s ”  

c o l u m n

≥3.5 N o

T h e s e  m a t e ri a l s  s h a l l  a l s o  c o n fo rm  w i t h  t h e  fo l l o w i n g :

a )    c a s t  o r w ro u g h t  a l l o y s  U N S  S 4 1 0 0 0 ,  J 9 1 1 5 0  ( C A 1 5 ) ,  a n d  J 9 1 1 5 1  ( C A1 5 M )  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 2 2  H R C  a n d  

s h a l l  b e

      1 )    a u s t e n i t i z e d  a n d  q u e n c h e d  o r a i r- c o o l e d ;

      2 )    t e m p e re d  a t  6 2 1  ° C  ( 1  1 5 0  ° F )  m i n i m u m ,  t h e n  c o o l e d  t o  a m b i e n t  t e m p e ra t u re ;

	 	 	 	 	 	 3)	 	 	 tempered 	 at	 621 	 °C	 (1 	 1 50	 °F)	 minimum, 	 but	 lower	 than	 the	 frst	 tempering 	 temperature, 	 then	 cooled  

              t o  a m b i e n t  t e m p e ra t u re .

b )    l o w - c a rb o n ,  m a rt e n s i t i c  s t a i n l e s s  s t e e l s ,  e i t h e r c a s t  J 9 1 5 4 0  ( C A 6 N M ) ,  o r w ro u g h t  S 4 2 4 0 0  o r S 4 1 5 0 0  ( F 6 N M )  s h a l l  h a v e  a  

m a x i m u m  h a rd n e s s  o f 2 3  H R C  a n d  s h a l l  b e

      1 )    a u s t e n i t i z e d  a t  1  0 1 0  ° C  ( 1  8 5 0  ° F )  m i n i m u m ,  t h e n  a i r-  o r o i l - q u e n c h e d  t o  a m b i e n t  t e m p e ra t u re ;

      2 )    t e m p e re d  a t  6 4 9  ° C  t o  6 9 1  ° C  ( 1  2 0 0  ° F  t o  1  2 7 5  ° F ) ,  t h e n  a i r- c o o l e d  t o  a m b i e n t  t e m p e ra t u re ;

      3 )    t e m p e re d  a t  5 9 3  ° C  t o  6 2 1  ° C  ( 1  1 0 0  ° F  t o  1  1 5 0  ° F ) ,  t h e n  a i r- c o o l e d  t o  a m b i e n t  t e m p e ra t u re .

c )    c a s t  o r w ro u g h t  a l l o y  U N S  S 4 2 0 0 0  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 2 2  H R C  a n d  s h a l l  b e  i n  t h e  q u e n c h e d  a n d  t e m p e re d  

h e a t - t re a t m e n t  c o n d i t i o n ;

d )    w ro u g h t  l o w - c a rb o n  U N S  S 4 1 4 2 5  m a rt e n s i t i c  s t a i n l e s s  s t e e l  i n  t h e  a u s t e n i t i z e d ,  q u e n c h e d ,  a n d  t e m p e re d  c o n d i t i o n  s h a l l  

h a v e  a  m a x i m u m  h a rd n e s s  o f 2 8  H R C .

a    N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .



A N S I / N A C E  M R 0 1 7 5 - 2 0 2 1 / I S O  1 5 1 5 6 - 3 : 2 0 2 0
©2 0 2 2  As s o c i a t i o n  fo r M a t e ri a l s  P ro t e c t i o n  a n d  P e rfo rm a n c e  ( A M P P )  a n d  I n t e rn a t i o n a l  O rg a n i z a t i o n  fo r S t a n d a rd i z a t i o n  ( I S O ) .  Al l  ri g h t s  re s e rv e d .  

P a rt  3 - 3 5

Ta b l e  A . 1 9  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r m a rt e n s i t i c  s t a i n l e s s  s t e e l s  u s e d   

a s  d o w n h o l e  t u b u l a r c o m p o n e n t s  a n d  fo r p a c k e rs  a n d  o t h e r s u b s u rfa c e  e q u i p m e n t

Specifcation/ 

I n d i v i d u a l  a l l o y  

U N S  n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g /l

I S O  1 1 9 6 0  L - 8 0  

Ty p e  1 3  C r,  

S 4 1 4 2 6 ,  S 4 2 5 0 0

S e e  

“ R e m a rk s ”  

c o l u m n

1 0  ( 1 . 5 ) S e e  

“ R e m a rk s ”  

c o l u m n

≥3.5 N D S a S u b j e c t  t o  l i m i t a t i o n s  o n  t h e  

i n  s i t u  p H  a n d  ρH
2

S ,  t h e s e  

m a t e ri a l s  h a v e  b e e n  u s e d  fo r 

t h e s e  c o m p o n e n t s  w i t h o u t  

re s t ri c t i o n  o n  t e m p e ra t u re  

a n d  c h l o ri d e  c o n c e n t ra t i o n  i n  

p ro d u c t i o n  e n v i ro n m e n t s .  N o  

l i m i t s  o n  t h e s e  p a ra m e t e rs  a re  

s e t ,  b u t  s o m e  c o m b i n a t i o n s  

o f t h e i r v a l u e s  m i g h t  n o t  b e  

a c c e p t a b l e .

S 4 1 4 2 9 S e e  

“ R e m a rk s ”  

c o l u m n

1 0  ( 1 . 5 ) S e e  

“ R e m a rk s ”  

c o l u m n

≥4.5 N D S a

F o r t h e s e  a p p l i c a t i o n s ,  t h e s e  m a t e ri a l s  s h a l l  a l s o  c o n fo rm  w i t h  t h e  fo l l o w i n g :

a )     U N S  S 4 1 4 2 6  t u b u l a r c o m p o n e n t s  s h a l l  b e  q u e n c h e d  a n d  t e m p e re d  t o  m a x i m u m  2 7  H R C  a n d  m a x i m u m  y i e l d  s t re n g t h  

7 2 4  M P a  ( 1 0 5  k s i ) ;

b )     U N S  S 4 2 5 0 0  ( 1 5  C r)  t u b i n g  a n d  c a s i n g  i s  a c c e p t a b l e  a s  G ra d e  8 0  [ S M Y S  5 5 6  M P a  ( 8 0  k s i ) ]  o n l y  a n d  s h a l l  b e  i n  t h e  

q u e n c h e d  a n d  d o u b l e - t e m p e re d  c o n d i t i o n  w i t h  a  m a x i m u m  h a rd n e s s  o f 2 2  H R C .  T h e  q u e n c h  a n d  d o u b l e - t e m p e r p ro c e s s  

s h a l l  b e  a s  fo l l o w s :

      1 )    a u s t e n i t i z e  a t  m i n i m u m  9 0 0  ° C  ( 1  6 5 2  ° F ) ,  t h e n  a i r-  o r o i l - q u e n c h ;

      2 )    t e m p e r a t  m i n i m u m  7 3 0  ° C  ( 1  3 4 6  ° F ) ,  t h e n  c o o l  t o  a m b i e n t  t e m p e ra t u re ;

      3 )    t e m p e r a t  m i n i m u m  6 2 0  ° C  ( 1  1 4 8  ° F ) ,  t h e n  c o o l  t o  a m b i e n t  t e m p e ra t u re .

c )     U N S  S 4 1 4 2 9  t u b u l a r c o m p o n e n t s  s h a l l  b e  q u e n c h e d  a n d  t e m p e re d  o r n o rm a l i z e d  a n d  t e m p e re d  t o  a  m a x i m u m  h a rd n e s s  o f 

2 7  H R C  a n d  a  m a x i m u m  y i e l d  s t re n g t h  o f 8 2 7  M P a  ( 1 2 0  k s i ) .

a     N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .

Ta b l e  A . 2 0  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r m a rt e n s i t i c  a l l o y  s t e e l  u s e d  a s  s u b s u rfa c e  e q u i p m e n t

I n d i v i d u a l  

a l l o y  

U N S  n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g / l

K 9 0 9 4 1 S e e  “ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a T h e s e  m a t e ri a l s  h a v e  b e e n  

u s e d  w i t h o u t  re s t ri c t i o n s  o n  

t e m p e ra t u re ,  ρH
2

S ,  c h l o ri d e  

c o n c e n t ra t i o n ,  o r i n  s i t u  p H  i n  

p ro d u c t i o n  e n v i ro n m e n t s .  N o  

l i m i t s  o n  i n d i v i d u a l  p a ra m e t e rs  

a re  s e t ,  b u t  s o m e  c o m b i n a t i o n s  

o f t h e  v a l u e s  o f t h e s e  p a ra m e t e rs  

m i g h t  n o t  b e  a c c e p t a b l e .

F o r t h e s e  a p p l i c a t i o n s ,  U N S  K 9 0 9 4 1  ( m a rt e n s i t i c  9 C r 1 M o  t o  AS T M  A2 7 6  t y p e  9 ,  AS T M  A1 8 2 /A1 8 2 M  g ra d e  F 9  o r 

AS T M  A2 1 3 /A2 1 3 M  g ra d e  T 9 )  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 2 2  H R C .

a     N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .



A N S I / N A C E  M R 0 1 7 5 - 2 0 2 1 / I S O  1 5 1 5 6 - 3 : 2 0 2 0
©2 0 2 2  As s o c i a t i o n  fo r M a t e ri a l s  P ro t e c t i o n  a n d  P e rfo rm a n c e  ( A M P P )  a n d  I n t e rn a t i o n a l  O rg a n i z a t i o n  fo r S t a n d a rd i z a t i o n  ( I S O ) .  Al l  ri g h t s  re s e rv e d .  

P a rt  3 - 3 6

Ta b l e  A . 2 1  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r m a rt e n s i t i c  s t a i n l e s s  s t e e l s  u s e d  a s  p a c k e rs  a n d  s u b s u rfa c e  e q u i p -

m e n t

A l l o y  

specifcation

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g /l

AI S I  4 2 0  

(modifed)

S e e  

“ R e m a rk s ”  

c o l u m n

1 0  ( 1 . 5 ) S e e  

“ R e m a rk s ”  

c o l u m n

≥3.5 N D S a An y  c o m b i n a t i o n  o f t e m p e ra t u re  

a n d  c h l o ri d e  c o n c e n t ra t i o n  

o c c u rri n g  i n  p ro d u c t i o n  

e n v i ro n m e n t s  i s  a c c e p t a b l e

S 4 1 4 2 7 S e e  

“ R e m a rk s ”  

c o l u m n

1 0  ( 1 . 5 ) 6  1 0 0 ≥3.5 N D S a Te m p e ra t u re s  o c c u rri n g  i n  

p ro d u c t i o n  e n v i ro n m e n t s  a re  

a c c e p t a b l e .

F o r t h e s e  a p p l i c a t i o n s ,  AI S I  4 2 0 	 (modifed)	 shall 	 have	 chemical 	 composition 	 in 	 accordance	 with 	 I S O  1 1 9 6 0  L - 8 0  Ty p e  1 3  C r 

a n d  s h a l l  b e  q u e n c h e d  a n d  t e m p e re d  t o  2 2  H R C  m a x i m u m .

U N S  S 4 1 4 2 7  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 2 9  H R C  a n d  s h a l l  h a v e  b e e n  h e a t - t re a t e d  i n  a c c o rd a n c e  w i t h  t h e  fo l l o w i n g  

t h re e - s t e p  p ro c e s s :

a )    a u s t e n i t i z e  a t  9 0 0  ° C  t o  9 8 0  ° C  ( 1  6 5 2  ° F  t o  1  7 9 6  ° F ) ,  t h e n  a i r- c o o l  o r o i l - q u e n c h  t o  a m b i e n t  t e m p e ra t u re ;

b )    t e m p e re d  a t  6 0 0  ° C  t o  7 0 0  ° C  ( 1  1 1 2  ° F  t o  1  2 9 2  ° F ) ,  t h e n  a i r- c o o l  t o  a m b i e n t  t e m p e ra t u re ;

c )    t e m p e re d  a t  5 4 0  ° C  t o  6 2 0  ° C  ( 1  0 0 4  ° F  t o  1  1 4 8  ° F ) ,  t h e n  a i r- c o o l  t o  a m b i e n t  t e m p e ra t u re .

a     N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .
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©2 0 2 2  As s o c i a t i o n  fo r M a t e ri a l s  P ro t e c t i o n  a n d  P e rfo rm a n c e  ( A M P P )  a n d  I n t e rn a t i o n a l  O rg a n i z a t i o n  fo r S t a n d a rd i z a t i o n  ( I S O ) .  Al l  ri g h t s  re s e rv e d .  

P a rt  3 - 3 7

Ta b l e  A . 2 2  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r m a rt e n s i t i c  s t a i n l e s s  s t e e l s  u s e d  a s  c o m p re s s o r c o m p o n e n t s

I n d i v i d u a l  a l l o y  

U N S  n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g / l

S 4 1 0 0 0  

S 4 1 5 0 0  

S 4 2 4 0 0  

J 9 1 1 5 0  

J 9 1 1 5 1  

J 9 1 5 4 0

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a A n y  c o m b i n a t i o n  o f 

t e m p e ra t u re ,  ρH
2

S ,  c h l o ri d e  

c o n c e n t ra t i o n ,  a n d  i n  s i t u  

p H  o c c u rri n g  i n  p ro d u c t i o n  

e n v i ro n m e n t s  i s  a c c e p t a b l e .

F o r t h e s e  a p p l i c a t i o n s ,  t h e s e  m a t e ri a l s  s h a l l  a l s o  c o n fo rm  w i t h  t h e  fo l l o w i n g :

a )    c a s t  o r w ro u g h t  a l l o y s  U N S  S 4 1 0 0 0 ,  J 9 1 1 5 0  ( C A 1 5 ) ,  a n d  J 9 1 1 5 1  ( C A1 5 M )  s h a l l  h a v e  2 2  H R C  m a x i m u m  h a rd n e s s  i f u s e d  fo r 

c o m p re s s o r c o m p o n e n t s  a n d  s h a l l  b e

      1 )    a u s t e n i t i z e d  a n d  q u e n c h e d  o r a i r- c o o l e d ;

      2 )    t e m p e re d  a t  6 2 1  ° C  ( 1  1 5 0  ° F )  m i n i m u m ,  t h e n  c o o l e d  t o  a m b i e n t  t e m p e ra t u re ;

	 	 	 	 	 	 3)	 	 	 tempered 	 at	 621 	 °C	 (1 	 1 50	 °F)	 minimum, 	 but	 lower	 than	 the	 frst	 tempering 	 temperature, 	 then	 cooled 	 to  

             a m b i e n t  t e m p e ra t u re .

b )    l o w - c a rb o n ,  m a rt e n s i t i c  s t a i n l e s s  s t e e l s ,  e i t h e r c a s t  J 9 1 5 4 0  ( C A 6 N M )  o r w ro u g h t  S 4 2 4 0 0  o r S 4 1 5 0 0  ( F 6 N M ) ,  s h a l l  h a v e  a  

m a x i m u m  h a rd n e s s  o f 2 3  H R C  a n d  s h a l l  b e

      1 )    a u s t e n i t i z e d  a t  1  0 1 0  ° C  ( 1  8 5 0  ° F )  m i n i m u m ,  t h e n  a i r-  o r o i l - q u e n c h e d  t o  a m b i e n t  t e m p e ra t u re ;

      2 )    t e m p e re d  a t  6 4 9  ° C  t o  6 9 1  ° C  ( 1  2 0 0  ° F  t o  1  2 7 5  ° F ) ,  t h e n  a i r- c o o l e d  t o  a m b i e n t  t e m p e ra t u re ;

      3 )    t e m p e re d  a t  5 9 3  ° C  t o  6 2 1  ° C  ( 1  1 0 0  ° F  t o  1  1 5 0  ° F ) ,  t h e n  a i r- c o o l e d  t o  a m b i e n t  t e m p e ra t u re .

c )    i f u s e d  fo r i m p e l l e rs ,  c a s t  o r w ro u g h t  a l l o y s  U N S  S 4 1 0 0 0 ,  J 9 1 1 5 0  ( C A 1 5 )  a n d  J 9 1 1 5 1  ( C A 1 5 M ) ,  c a s t  J 9 1 5 4 0  ( C A 6 N M )  a n d  

wrought	 S42400, 	 or	 S41 500	 (F6NM)	 shall 	 exhibit	 a	 threshold 	 stress	 ≥95	 %	 of	 actual 	 yield 	 strength 	 in 	 the	 anticipated 	 service	

e n v i ro n m e n t .
a    N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .
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Ta b l e  A . 2 3  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r m a rt e n s i t i c  s t a i n l e s s  s t e e l s  u s e d  a s  we l l h e a d  a n d  t re e  c o m p o n e n t s  

a n d  v a l v e  a n d  c h o k e  c o m p o n e n t s  ( e x c l u d i n g  c a s i n g  a n d  t u b i n g  h a n g e rs  a n d  v a l v e  s t e m s )

I n d i v i d u a l  

a l l o y  

U N S  n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x . m a x . m a x .

° C  ( ° F ) k P a  ( p s i ) m g /l

S 4 1 0 0 0  

S 4 1 5 0 0  

S 4 2 0 0 0  

J 9 1 1 5 0  

J 9 1 1 5 1  

J 9 1 5 4 0  

S 4 2 4 0 0

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

≥3.5 N D S a S u b j e c t  t o  l i m i t a t i o n s  o n  i n  s i t u  p H ,  

t h e s e  m a t e ri a l s  h a v e  b e e n  u s e d  

fo r t h e s e  c o m p o n e n t s  w i t h o u t  

re s t ri c t i o n  o n  t e m p e ra t u re ,  ρH
2

S ,  

o r C l−  i n  p ro d u c t i o n  e n v i ro n m e n t s .  

N o  l i m i t s  o n  t h e s e  p a ra m e t e rs  a re  

s e t ,  b u t  s o m e  c o m b i n a t i o n s  o f t h e i r 

v a l u e s  m i g h t  n o t  b e  a c c e p t a b l e .

F o r t h e s e  a p p l i c a t i o n s ,  t h e s e  m a t e ri a l s  s h a l l  a l s o  c o n fo rm  w i t h  t h e  fo l l o w i n g :

a )    c a s t  o r w ro u g h t  a l l o y s  U N S  S 4 1 0 0 0 ,  J 9 1 1 5 0  ( C A 1 5 ) ,  a n d  J 9 1 1 5 1  ( C A1 5 M ) ,  s h a l l  h a v e  2 2  H R C  m a x i m u m  h a rd n e s s  a n d  s h a l l  

b e

1 )  a u s t e n i t i z e d  a n d  q u e n c h e d  o r a i r- c o o l e d ;

2 )  t e m p e re d  a t  6 2 1  ° C  ( 1  1 5 0  ° F )  m i n i m u m ,  t h e n  c o o l e d  t o  a m b i e n t  t e m p e ra t u re ;

3)	 	 	 tempered 	 at	 621 	 °C	 (1 	 1 50	 °F)	 minimum, 	 but	 lower	 than	 the	 frst	 tempering 	 temperature, 	 then	 cooled 	 to	 ambient	

t e m p e ra t u re .

b )    l o w - c a rb o n ,  m a rt e n s i t i c  s t a i n l e s s  s t e e l s  e i t h e r c a s t  J 9 1 5 4 0  ( C A 6 N M )  o r w ro u g h t  S 4 2 4 0 0  o r S 4 1 5 0 0  ( F 6 N M )  s h a l l  h a v e  

2 3  H R C  m a x i m u m  h a rd n e s s  a n d  s h a l l  b e

1 )    a u s t e n i t i z e d  a t  1  0 1 0  ° C  ( 1  8 5 0  ° F )  m i n i m u m ,  t h e n  a i r-  o r o i l - q u e n c h e d  t o  a m b i e n t  t e m p e ra t u re ;

2 )    t e m p e re d  a t  6 4 9  ° C  t o  6 9 1  ° C  ( 1  2 0 0  ° F  t o  1  2 7 5  ° F ) ,  t h e n  a i r- c o o l e d  t o  a m b i e n t  t e m p e ra t u re ;

3 )    t e m p e re d  a t  5 9 3  ° C  t o  6 2 1  ° C  ( 1  1 0 0  ° F  t o  1  1 5 0  ° F ) ,  t h e n  a i r- c o o l e d  t o  a m b i e n t  t e m p e ra t u re .

c )    c a s t  o r w ro u g h t  a l l o y  U N S  S 4 2 0 0 0  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 2 2  H R C  a n d  s h a l l  b e  i n  t h e  q u e n c h e d  a n d  t e m p e re d  

h e a t - t re a t m e n t  c o n d i t i o n .

d)	 	 	 low-carbon, 	 martensitic	 stainless	 steel 	 J91 540; 	 the	 maximum	 design	 tensi le	 stress	 shall 	 not	 exceed	 2/3	 specifed 	 minimum	

y i e l d  s t re n g t h  o r 3 4 5  M P a  ( 5 0  k s i )  w h i c h e v e r i s  l e s s .

a     N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .

A. 6 . 3  We l d i n g  o f m a rt e n s i t i c  s t a i n l e s s  s t e e l s  o f t h i s  m a t e ri a l s  g ro u p

 T h e  re q u i re m e n t s  fo r t h e  c ra c k i n g - re s i s t a n c e  p ro p e rt i e s  o f w e l d s  s h a l l  a p p l y  ( s e e  6 . 2 . 2 ) .

 T h e  h a rd n e s s  o f t h e  H AZ  a ft e r w e l d i n g  s h a l l  n o t  e x c e e d  t h e  m a x i m u m  h a rd n e s s  a l l o w e d  fo r t h e  

b a s e  m e t a l  a n d  t h e  h a rd n e s s  o f t h e  w e l d  m e t a l  s h a l l  n o t  e x c e e d  t h e  m a x i m u m  h a rd n e s s  l i m i t  o f 

t h e  re s p e c t i v e  a l l o y  u s e d  fo r t h e  w e l d i n g  c o n s u m a b l e .

 M a rt e n s i t i c  s t a i n l e s s  s t e e l s  w e l d e d  w i t h  n o m i n a l l y  m a t c h i n g  c o n s u m a b l e s  s h a l l  m e e t  t h e  fo l l o w i n g  

re q u i re m e n t s .

 We l d m e n t s  i n  m a rt e n s i t i c  s t a i n l e s s  s t e e l s  s h a l l  u n d e rg o  a  P W H T  a t  6 2 1  ° C  ( 1  1 5 0  ° F )  m i n i m u m  

a n d  s h a l l  c o n fo rm  w i t h  6 . 2 . 2 . 2 .

 We l d m e n t s  i n  t h e  l o w - c a rb o n  m a rt e n s i t i c  s t a i n l e s s  s t e e l s  [ c a s t  J 9 1 5 4 0  ( C A6 N M )  o r w ro u g h t  

S42400	 or	 S41 500	 (F6NM)] 	 shal l 	 undergo	 a	 single-	 or	 double-cycle	 PWHT	 after	 frst	 being 	 cooled 	

t o  2 5  ° C  ( 7 7  ° F ) ,  a s  fo l l o w s :
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— s i n g l e - c y c l e  P W H T s h a l l  b e  a t  5 8 0  ° C  t o  6 2 1  ° C  ( 1  0 7 5  ° F  t o  1  1 5 0  ° F ) ;

— d o u b l e - c y c l e  P W H T  s h a l l  b e  a t  6 7 1  ° C  t o  6 9 1  ° C  ( 1  2 4 0  ° F  t o  1  2 7 5  ° F ) ,  t h e n  c o o l e d  t o  

2 5  ° C  ( 7 7  ° F )  o r l e s s ,  t h e n  h e a t e d  t o  5 8 0  ° C  t o  6 2 1  ° C  ( 1  0 7 5  ° F  t o  1  1 5 0  ° F ) .

A . 7  Duplex	 stainless	 steels	 (identifed 	 as	 material 	 types)

A . 7 . 1  E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r t h e  u s e s  o f d u p l e x  s t a i n l e s s  s t e e l s

Ta b l e  A . 2 4  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r d u p l e x  s t a i n l e s s  s t e e l s  u s e d  fo r a n y  e q u i p m e n t  o r c o m p o n e n t

M a t e ri a l s  

t y p e /  

i n d i v i d u a l  

a l l o y  

U N S  

n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g /l

30	 ≤	 F
P R E N

	 ≤	 40.0  

Mo	 ≥	 1 .5	 %
2 3 2  ( 4 5 0 ) 1 0  ( 1 . 5 )

1 8 0  0 0 0

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a

T h e s e  m a t e ri a l s  h a v e  b e e n  

u s e d  w i t h o u t  re s t ri c t i o n s  

o n  in  situ p H  i n  p ro d u c t i o n  

e n v i ro n m e n t s .  N o  l i m i t s  o n  p H  

a re  s e t ,  b u t  s o m e  v a l u e s  m i g h t  

n o t  b e  a c c e p t a b l e .
30	 ≤	 F

P R E N
	 ≤	 40.0  

Mo	 ≥	 1 .5	 %	 (HIP)
2 3 2  ( 4 5 0 ) 1 0  ( 1 . 5 )

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a

4 0 . 0  <  F
P R E N

	 ≤	 45 2 3 2  ( 4 5 0 ) 2 0  ( 3 )

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a

4 0 . 0  <  F
P R E N

	 ≤	 45	

( H I P )
2 3 2  ( 4 5 0 ) 2 0  ( 3 )

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a

30	 ≤	 F
P R E N

	 ≤	 40.0  

Mo	 ≥	 1 .5	 %

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

5 0

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a

T h e s e  m a t e ri a l s  h a v e  b e e n  

u s e d  w i t h o u t  re s t ri c t i o n s  o n  

t e m p e ra t u re ,  ρH
2

S  o r in  situ 

p H  i n  p ro d u c t i o n  e n v i ro n m e n t s .  

N o  l i m i t s  o n  i n d i v i d u a l  

p a ra m e t e rs  a re  s e t ,  b u t  s o m e  

c o m b i n a t i o n s  o f t h e  v a l u e s  o f 

t h e s e  p a ra m e t e rs  m i g h t  n o t  b e  

a c c e p t a b l e .

4 0 . 0  <  F
P R E N

	 ≤	 45

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n N D S a

Wro u g h t ,  c a s t  a n d  h o t  i s o s t a t i c a l l y  p re s s e d  ( H I P ) [ 1 5 ]  d u p l e x  s t a i n l e s s  s t e e l s  s h a l l

—   b e  s o l u t i o n - a n n e a l e d  a n d  l i q u i d - q u e n c h e d  o r ra p i d l y  c o o l e d  b y  o t h e r m e t h o d s b ,

—   h a v e  a  fe rri t e  c o n t e n t  ( v o l u m e  fra c t i o n )  o f b e t w e e n  3 5  %  a n d  6 5  % ,  a n d

—   n o t  h a v e  u n d e rg o n e  a g i n g  h e a t - t re a t m e n t s .

N O T E    H i g h e r v a l u e s  o f F
P R E N  

p ro v i d e  h i g h e r c o rro s i o n  re s i s t a n c e ;  h o w e v e r,  t h e y  a l s o  l e a d  t o  i n c re a s e d  ri s k  o f s i g m a -  a n d  a l p h a -

p ri m e  p h a s e  fo rm a t i o n  i n  t h e  m a t e ri a l s ’  fe rri t e  p h a s e  d u ri n g  m a n u fa c t u re  d e p e n d i n g  o n  p ro d u c t  t h i c k n e s s  a n d  a c h i e v a b l e  q u e n c h  

ra t e .  T h e  ra n g e s  o f F
P R E N  

q u o t e d  a re  t y p i c a l  o f t h o s e  fo u n d  t o  m i n i m i z e  t h e  p ro b l e m  o f s i g m a -  a n d  a l p h a - p ri m e  p h a s e  fo rm a t i o n .

a    N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .

b 	 	 	 A	 rapid 	 cool ing 	 rate	 is	 one	 suffciently	 fast	 to	 avoid 	 the	 formation 	 of	 deleterious	 phases	 such	 as	 sigma-phase	 and 	 precipitates. 	

T h e  p re s e n c e  o f d e l e t e ri o u s  p h a s e s  c a n  re d u c e  t h e  c ra c k i n g - re s i s t a n c e  o f d u p l e x  s t a i n l e s s  s t e e l s .
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Ta b l e  A . 2 5  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r d u p l e x  s t a i n l e s s  s t e e l s  u s e d  a s  d o wn h o l e  t u b u l a r c o m p o n e n t s  a n d  a s  

p a c k e rs  a n d  o t h e r s u b s u rfa c e  e q u i p m e n t

M a t e ri a l s  t y p e Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g / l

30	 ≤	 F
P R E N

	 ≤	 40.0  

Mo	 ≥	 1 .5	 %

S e e  

“ R e m a rk s ”  

c o l u m n

2  ( 0 . 3 )

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a

An y  c o m b i n a t i o n  o f 

t e m p e ra t u re ,  c h l o ri d e  

c o n c e n t ra t i o n  a n d  in  situ 

p H  o c c u rri n g  i n  p ro d u c t i o n  

e n v i ro n m e n t s  i s  a c c e p t a b l e .

4 0 . 0  <  F
P R E N

	 ≤	 45

S e e  

“ R e m a rk s ”  

c o l u m n

2 0  ( 3 ) 1 2 0  0 0 0

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a

An y  c o m b i n a ti o n  o f 

te m p e ra tu re  a n d  in  situ 

p H  o c cu rri n g  i n  p ro d u c ti o n  

e n v i ro n m e n ts  i s  a c ce p ta b l e .  

C h l o ri d e  l i m i ts  h a ve  b e e n  

fo u n d  to  b e  s tro n g l y  

d e p e n d e n t u p o n  y i e l d  s tre n g th  

a n d  th e  l e v e l  o f co l d  wo rk.

F o r t h e s e  a p p l i c a t i o n s ,  t h e s e  m a t e ri a l s  s h a l l

—   b e  i n  t h e  s o l u t i o n - a n n e a l e d ,  l i q u i d - q u e n c h e d ,  a n d  c o l d - w o rk e d  c o n d i t i o n ,

—   h a v e  a  fe rri t e  c o n t e n t  ( v o l u m e  fra c t i o n )  o f b e t w e e n  3 5  %  a n d  6 5  % ,  a n d

—   h a v e  a  m a x i m u m  h a rd n e s s  o f 3 6  H R C .

N O T E    H i g h e r v a l u e s  o f F
P R E N  

p ro v i d e  h i g h e r c o rro s i o n  re s i s t a n c e ;  h o w e v e r,  t h e y  a l s o  l e a d  t o  i n c re a s e d  ri s k  o f s i g m a -  a n d  a l p h a -

p ri m e  p h a s e  fo rm a t i o n  i n  t h e  m a t e ri a l s ’  fe rri t e  p h a s e  d u ri n g  m a n u fa c t u re  d e p e n d i n g  o n  p ro d u c t  t h i c k n e s s  a n d  a c h i e v a b l e  q u e n c h  

ra t e .  T h e  ra n g e s  o f F
P R E N  

q u o t e d  a re  t y p i c a l  o f t h o s e  fo u n d  t o  m i n i m i z e  t h e  p ro b l e m  o f s i g m a -  a n d  a l p h a - p ri m e  p h a s e  fo rm a t i o n .

a    N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .

A. 7 . 2  We l d i n g  o f d u p l e x  s t a i n l e s s  s t e e l s  o f t h i s  m a t e ri a l s  g ro u p

 T h e  re q u i re m e n t s  fo r t h e  c ra c k i n g - re s i s t a n c e  p ro p e rt i e s  o f w e l d s  s h a l l  a p p l y  ( s e e  6 . 2 . 2 ) .

 T h e  h a rd n e s s  o f t h e  H AZ  a ft e r w e l d i n g  s h a l l  n o t  e x c e e d  t h e  m a x i m u m  h a rd n e s s  a l l o w e d  fo r t h e  

b a s e  m e t a l  a n d  t h e  h a rd n e s s  o f t h e  w e l d  m e t a l  s h a l l  n o t  e x c e e d  t h e  m a x i m u m  h a rd n e s s  l i m i t  o f 

t h e  re s p e c t i v e  a l l o y  u s e d  fo r t h e  w e l d i n g  c o n s u m a b l e .

 A c ro s s - s e c t i o n  o f t h e  w e l d  m e t a l ,  H AZ ,  a n d  b a s e  m e t a l  s h a l l  b e  e x a m i n e d  a s  p a rt  o f t h e  w e l d i n g  

procedure	 qual ifcation. 	 The	 microstructure	 shal l 	 be	 suitably	 etched	 and 	 examined	 at	 ×400	 mag-

nifcation 	 and 	 shal l 	 have	 grain 	 boundaries	 with 	 no	 continuous	 precipitates. 	 Intermetal l ic	 phases, 	

n i t ri d e s ,  a n d  c a rb i d e s  s h a l l  n o t  e x c e e d  1 . 0  %  i n  t o t a l .  T h e  s i g m a  p h a s e  s h a l l  n o t  e x c e e d  0 . 5  % .  T h e  

fe rri t e  c o n t e n t  i n  t h e  w e l d  m e t a l  ro o t  a n d  u n re h e a t e d  w e l d  c a p  s h a l l  b e  d e t e rm i n e d  i n  a c c o rd a n c e  

w i t h  AS T M  E 5 6 2  a n d  s h a l l  b e  i n  t h e  ra n g e  o f 3 0  %  t o  7 0  %  v o l u m e  fra c t i o n .

A . 8  Precipitation-hardened	 stainless	 steels	 (identifed 	 as	 individual 	 al loys)

A. 8 . 1  M a t e ri a l s  c h e m i c a l  c o m p o s i t i o n s

 Au s t e n i t i c  p re c i p i t a t i o n - h a rd e n e d  s t a i n l e s s  s t e e l s  a re  a d d re s s e d  i n  Ta b l e  A. 2 6 .  M a rt e n s i t i c  p re c i p -

i t a t i o n - h a rd e n e d  s t a i n l e s s  s t e e l s  a re  a d d re s s e d  i n  Ta b l e  A. 2 7  t o  Ta b l e  A. 3 0 .

A. 8 . 2  E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r t h e  u s e s  o f p re c i p i t a t i o n - h a rd e n e d  s t a i n l e s s  s t e e l s
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P a rt  3 - 4 1

Ta b l e  A . 2 6  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r a u s t e n i t i c  p re c i p i t a t i o n - h a rd e n e d   

s t a i n l e s s  s t e e l s  u s e d  fo r a n y  e q u i p m e n t  o r c o m p o n e n t

I n d i v i d u a l  a l l o y  

U N S  n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g / l

S 6 6 2 8 6 6 6  ( 1 5 0 ) 1 0 0  ( 1 5 )

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N o

A n y  c o m b i n a t i o n  o f c h l o ri d e  

c o n c e n t ra t i o n  a n d  i n  s i t u  

p H  o c c u rri n g  i n  p ro d u c t i o n  

e n v i ro n m e n t s  i s  a c c e p t a b l e .

U N S  S 6 6 2 8 6  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 3 5  H R C  a n d  s h a l l  b e  i n  e i t h e r t h e  s o l u t i o n - a n n e a l e d  a n d  a g e d  o r s o l u t i o n -

a n n e a l e d  a n d  d o u b l e - a g e d  c o n d i t i o n .

Ta b l e  A . 2 7  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r m a rt e n s i t i c  p re c i p i t a t i o n - h a rd e n e d  s t a i n l e s s  s t e e l s  u s e d  fo r we l l h e a d  

a n d  c h ri s t m a s  t re e  c o m p o n e n t s  ( e x c l u d i n g  b o d i e s  a n d  b o n n e t s ) ,  v a l v e s  a n d  c h o k e s  ( e x c l u d i n g  b o d i e s  a n d  b o n n e t s ) ,  a n d  

p a c k e rs  a n d  o t h e r s u b s u rfa c e  e q u i p m e n t

I n d i v i d u a l  a l l o y  

U N S  n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g / l

U N S  S 1 7 4 0 0

S e e  

“ R e m a rk s ”  

c o l u m n

3 . 4  ( 0 . 5 )

S e e  

“ R e m a rk s ”  

c o l u m n

≥4.5 N D S a

S e e  b ;  t h e  s a fe  u s e  l i m i t s  o n  

c h l o ri d e  a n d  t e m p e ra t u re  h a v e  n o t  

been	 defned.

U N S  S 4 5 0 0 0

S e e  

“ R e m a rk s ”  

c o l u m n
1 0  ( 1 . 5 )

S e e  

“ R e m a rk s ”  

c o l u m n
≥3.5 N D S a

An y co m b i n a ti o n  o f te m p e ra tu re  

a n d  ch l o ri d e  co n ce n tra ti o n  o ccu rri n g  

i n  p ro d u cti o n  e n vi ro n m e n ts  i s  

a cce p ta b l e .

F o r t h e s e  a p p l i c a t i o n s ,  t h e s e  m a t e ri a l s  s h a l l  a l s o  c o n fo rm  w i t h  t h e  fo l l o w i n g :

a )    w ro u g h t  U N S  S 1 7 4 0 0  p re c i p i t a t i o n - h a rd e n i n g  m a rt e n s i t i c  s t a i n l e s s  s t e e l s  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 3 3  H R C  a n d  

s h a l l  h a v e  b e e n  h e a t - t re a t e d  i n  a c c o rd a n c e  w i t h  e i t h e r 1 )  o r 2 ) ,  a s  fo l l o w s :

1 )    d o u b l e  a g e - h a rd e n i n g  p ro c e s s  a t  6 2 1  ° C  ( 1  1 5 0  ° F ) :

— s o l u t i o n - a n n e a l  a t  ( 1  0 3 8  ±  1 4 )  ° C  [ ( 1  9 0 0  ±  2 5 )  ° F ]  a n d  a i r- c o o l  o r l i q u i d - q u e n c h  t o  b e l o w  3 2  ° C  ( 9 0  ° F ) ;

—	 	 	 frst	 precipitation-hardening 	 cycle	 at	 (621 	 ±	 1 4)	 °C	 [(1 	 1 50	 ±	 25)	 °F] 	 for	 4	 h 	 minimum	 at	 temperature, 	 then	 air-cool 	 or	

l i q u i d - q u e n c h  t o  b e l o w  3 2  ° C  ( 9 0  ° F ) ;

—   s e c o n d  p re c i p i t a t i o n - h a rd e n i n g  c y c l e  a t  ( 6 2 1  ±  1 4 )  ° C  [ ( 1  1 5 0  ±  2 5 )  ° F ]  fo r 4  h  m i n i m u m  a t  t e m p e ra t u re ,  t h e n  a i r- c o o l  

o r l i q u i d - q u e n c h  t o  b e l o w  3 2  ° C  ( 9 0  ° F ) .

2)	 	 	 modifed 	 double	 age-hardening 	 process:

 —   s o l u t i o n - a n n e a l  a t  ( 1  0 3 8  ±  1 4 )  ° C  [ ( 1  9 0 0  ±  2 5 )  ° F ] ,  t h e n  a i r- c o o l  o r l i q u i d - q u e n c h  t o  b e l o w  3 2  ° C  ( 9 0  ° F ) ;

	 —	 	 	 frst	 precipitation-hardening 	 cycle	 at	 (760	 ±	 1 4)	 °C	 [(1 	 400	 ±	 25)	 °F] 	 for	 2	 h 	 minimum	 at	 temperature	 and	 air-cool 	 or	

l i q u i d - q u e n c h  t o  b e l o w  3 2  ° C  ( 9 0  ° F ) ;

 —   s e c o n d  p re c i p i t a t i o n - h a rd e n i n g  c y c l e  a t  ( 6 2 1  ±  1 4 )  ° C  [ ( 1  1 5 0  ±  2 5 )  ° F ]  fo r 4  h  m i n i m u m  a t  t e m p e ra t u re ,  t h e n  a i r- c o o l  

o r l i q u i d - q u e n c h  t o  b e l o w  3 2  ° C  ( 9 0  ° F ) .

b)	 	 	 wrought	 UNS	 S45000	 molybdenum-modifed	 martensitic	 precipitation-hardened	 stainless	 steel 	 shall 	 have	 a	 maximum	 hardness	

o f 3 1  H R C  ( e q u i va l e n t to  3 0 6  H B W fo r th i s  a l l o y)  a n d  s h a l l  h a v e  u n d e rg o n e  th e  fo l l o wi n g  two - s te p  h e a t- tre a tm e n t p ro ce d u re :

1 )    s o l u t i o n - a n n e a l ;

2 )    p re c i p i t a t i o n - h a rd e n  a t  ( 6 2 1  ±  8 )  ° C  [ ( 1  1 5 0  ±  1 5 )  ° F ]  fo r 4  h  m i n i m u m  a t  t e m p e ra t u re .

a     N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .

b 	 	 	 	 The	 use	 of	 UNS	 S1 7400	 is	 restricted	 to	 those	 applications	 where	 the	 sustained	 stress	 is	 no	 more	 than	 50	 %	 of	 the	 specifed	 minimum	

yi e l d  s tre n g th  ( S M YS )  o r 3 8 0  M P a  ( 5 5  ks i ) ,  wh i ch e ve r i s  l e s s .  Th e  u s e  o f U N S  S 1 7 4 0 0  i s  a cce p ta b l e  fo r we l l h e a d  va l ve  tri m  wh e re  

th e  s te m  i s  s u b j e cte d  to  h i g h e r s tre s s  l e ve l s  fo r ve ry s h o rt p e ri o d s  o f ti m e  d u ri n g  a ctu a ti o n ;  o th e r o r l o n g e r s tre s s  d u ra ti o n  a p p l i ca ti o n s  

are	 prohibited	 above	 50	 %	 of	 the	 specifed	 minimum	 yield	 strength	 (SMYS)	 or	 380	 MPa	 (55	 ksi), 	 whichever	 is	 less.
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P a rt  3 - 4 2

Ta b l e  A . 2 8  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r m a rt e n s i t i c  p re c i p i t a t i o n - h a rd e n e d  s t a i n l e s s  s t e e l s  u s e d  a s  n o n -  

p re s s u re - c o n t a i n i n g  i n t e rn a l - v a l v e ,  p re s s u re - re g u l a t o r,  a n d  l e v e l - c o n t ro l l e r c o m p o n e n t s  a n d  m i s c e l l a n e o u s  e q u i p m e n t

I n d i v i d u a l  

a l l o y  

U N S  

n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x  

° C  ( ° F )

m a x  

k P a  ( p s i )

m a x  

m g /l

N o n - p re s s u re - c o n t a i n i n g  i n t e rn a l - v a l v e ,  p re s s u re - re g u l a t o r,  a n d  l e v e l - c o n t ro l l e r c o m p o n e n t s

C B 7 C u - 1  

C B 7 C u - 2

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a Th e s e  m a te ri a l s  h a ve  b e e n  u s e d  

fo r th e s e  co m p o n e n ts  wi th o u t  

re s tri cti o n  o n  te m p e ra tu re ,  ρH
2

S ,  

C l−,  o r in  situ p H  i n  p ro d u cti o n  

e n vi ro n m e n ts .  N o  l i m i ts  o n  

i n d i vi d u a l  p a ra m e te rs  a re  s e t,  b u t  

s o m e  co m b i n a ti o n s  o f th e  va l u e s  

o f th e s e  p a ra m e te rs  m i g h t n o t b e  

a cce p ta b l e .

S 1 7 4 0 0  

S 1 5 5 0 0

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a

S 4 5 0 0 0 S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a An y  c o m b i n a t i o n  o f t e m p e ra t u re .  

ρH
2

S ,  C l−,  a n d  in  situ p H  o c c u rri n g  

i n  p ro d u c ti o n  e n v i ro n m e n t s  i s  

a c c e p t a b l e .

M i s c e l l a n e o u s  e q u i p m e n t

S 1 7 4 0 0 S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a T h i s  a l l o y  h a s  b e e n  u s e d  i n  

s e rv i c e  t o o l  a p p l i c a t i o n s  a t t h e  

s u rfa c e  a n d  fo r t e m p o ra ry  d ri l l i n g  

a n d  s u b s u rfa c e  w e l l -  s e rv i c i n g  

e q u i p m e n t w h e n  s t re s s e d  a t  l e s s  

than	 60	 %	 of	 i ts	 specifed	 minimum	

y i e l d  s t re n g t h  u n d e r w o rki n g  

c o n d i t i o n s .  E n v i ro n m e n t a l  l i m i ts  

fo r th i s  a l l o y  fo r th e s e  a p p l i c a t i o n s  

h a v e  n o t  b e e n  e s t a b l i s h e d .

F o r t h e s e  a p p l i c a t i o n s ,  t h e s e  m a t e ri a l s  s h a l l  a l s o  c o n fo rm  w i t h  t h e  fo l l o w i n g :

a )    c a s t  C B 7 C u - 1  a n d  C B 7 C u - 2  s h a l l  b e  i n  t h e  H 1 1 5 0  D B L  c o n d i t i o n  i n  a c c o rd a n c e  w i t h  ASTM  A747/A747M  a n d  s h a l l  h a v e  a  

m a x i m u m  h a rd n e s s  o f 3 0  H R C ;

b )    w ro u g h t  U N S  S 1 7 4 0 0  a n d  S 1 5 5 0 0  p re c i p i t a t i o n - h a rd e n i n g  m a rt e n s i t i c  s t a i n l e s s  s t e e l s  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 

3 3  H R C  a n d  s h a l l  h a v e  b e e n  h e a t - t re a t e d  i n  a c c o rd a n c e  w i t h  e i t h e r 1 )  o r 2 ) ,  a s  fo l l o w s :

1 )    d o u b l e  a g e - h a rd e n i n g  p ro c e s s  a t  6 2 1 ° C  ( 1  1 5 0 ° F ) :

—   s o l u t i o n - a n n e a l  a t  ( 1  0 3 8  ±  1 4 )  ° C  [ ( 1  9 0 0  ±  2 5 )  ° F ] ,  t h e n  a i r- c o o l  o r l i q u i d - q u e n c h  t o  b e l o w  3 2  ° C  ( 9 0  ° F ) ;

—	 	 	 frst	 precipitation-hardening 	 cycle	 at	 (621 	 ±	 1 4)	 °C	 [(1 	 1 50	 ±	 25)	 °F] 	 for	 4	 h 	 minimum	 at	 temperature	 and 	 air-cool 	 or	

l i q u i d - q u e n c h  t o  b e l o w  3 2  ° C  ( 9 0  ° F ) ;

—   s e c o n d  p re c i p i t a t i o n - h a rd e n i n g  c y c l e  a t  ( 6 2 1  ±  1 4 )  ° C  [ ( 1  1 5 0  ±  2 5 )  ° F ]  fo r 4  h  m i n i m u m  a t  t e m p e ra t u re  a n d  a i r- c o o l  

o r l i q u i d - q u e n c h  t o  b e l o w  3 2  ° C  ( 9 0  ° F ) .

2)	 	 	 modifed 	 double	 age-hardening 	 process:

—   s o l u t i o n - a n n e a l  a t  ( 1  0 3 8  ±  1 4 )  ° C  [ ( 1  9 0 0  ±  2 5 )  ° F ]  a n d  a i r- c o o l  o r l i q u i d - q u e n c h  t o  b e l o w  3 2  ° C  ( 9 0  ° F ) ;

—	 	 	 frst	 precipitation-hardening 	 cycle	 at	 (760	 ±	 1 4)	 °C	 [(1 	 400	 ±	 25)	 °F] 	 for	 2	 h 	 minimum	 at	 temperature	 and 	 air-cool 	 or	

l i q u i d - q u e n c h  t o  b e l o w  3 2  ° C  ( 9 0  ° F ) ;

 —   s e c o n d  p re c i p i t a t i o n - h a rd e n i n g  c y c l e  a t  ( 6 2 1  ±  1 4 )  ° C  [ ( 1  1 5 0  ±  2 5 )  ° F ]  fo r 4  h  m i n i m u m  a t  t e m p e ra t u re  a n d  a i r- c o o l  

o r l i q u i d - q u e n c h  t o  b e l o w  3 2  ° C  ( 9 0  ° F ) .

c )    fo r U N S  1 7 4 0 0 ,  l i m i t s  o n  i t s  fe rri t e  c o n t e n t  s h o u l d  b e  c o n s i d e re d ;

d )    w ro u g h t  U N S  S 4 5 0 0 0  p re c i p i t a t i o n - h a rd e n i n g  m a rt e n s i t i c  s t a i n l e s s  s t e e l  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 3 1  H R C  

( e q u i v a l e n t  t o  3 0 6  H B W  fo r t h i s  a l l o y )  a n d  s h a l l  b e  h e a t - t re a t e d  u s i n g  t h e  fo l l o w i n g  t w o - s t e p  p ro c e s s :

1 )    s o l u t i o n - a n n e a l ;

2 )    p re c i p i t a t i o n - h a rd e n  a t  ( 6 2 1  ±  8 )  ° C  [ ( 1  1 5 0  ±  1 4 )  ° F ]  fo r 4  h  m i n i m u m  a t  t e m p e ra t u re .

a  N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .
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P a rt  3 - 4 3

Ta b l e  A . 2 9  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r m a rt e n s i t i c  p re c i p i t a t i o n - h a rd e n e d  s t a i n l e s s  s t e e l s  u s e d  a s  s n a p  ri n g s

I n d i v i d u a l  

a l l o y  

U N S  

n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g /l

S 1 5 7 0 0 S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a An y  c o m b i n a t i o n  o f t e m p e ra t u re .  

ρH
2

S ,  C l −,  a n d  in  situ p H  o c c u rri n g  i n  

p ro d u c t i o n  e n v i ro n m e n t s  i s  a c c e p t a b l e .

F o r t h i s  a p p l i c a t i o n ,  U N S  S 1 5 7 0 0  s n a p  ri n g s  o ri g i n a l l y  i n  t h e  R H 9 5 0  s o l u t i o n - a n n e a l e d  a n d  a g e d  c o n d i t i o n  s h a l l  a l s o  b e  fu rt h e r 

h e a t - t re a t e d  t o  a  h a rd n e s s  o f b e t w e e n  3 0  H R C  a n d  3 2  H R C  u s i n g  t h e  fo l l o w i n g  t h re e - s t e p  p ro c e s s :

a )    t e m p e r a t  6 2 1  ° C  ( 1  1 5 0  ° F )  fo r 4  h ,  1 5  m i n ,  t h e n  c o o l  t o  ro o m  t e m p e ra t u re  i n  s t i l l  a i r;

b )    re - t e m p e r a t  6 2 1  ° C  ( 1  1 5 0  ° F )  fo r 4  h ,  1 5  m i n ,  t h e n  c o o l  t o  ro o m  t e m p e ra t u re  i n  s t i l l  a i r;

c )    t e m p e r a t  5 6 6  ° C  ( 1  0 5 0  ° F )  fo r 4  h ,  1 5  m i n ,  t h e n  c o o l  t o  ro o m  t e m p e ra t u re  i n  s t i l l  a i r.

a     N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .

Ta b l e  A . 3 0  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r m a rt e n s i t i c  p re c i p i t a t i o n - h a rd e n e d  s t a i n l e s s  s t e e l s   

u s e d  i n  c o m p re s s o r c o m p o n e n t s

I n d i v i d u a l  

a l l o y  

U N S  n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g / l

S 1 7 4 0 0  

S 1 5 5 0 0

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a An y  c o m b i n a ti o n  o f te m p e ra tu re .  

p H
2

S ,  C l−,  a n d  in  situ p H  o c cu rri n g  i n  

p ro d u cti o n  e n v i ro n m e n ts  i s  a c ce p ta b l e .

S 4 5 0 0 0 S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a An y  c o m b i n a t i o n  o f t e m p e ra t u re .  

p H
2

S ,  C l −,  a n d  in  situ p H  o c c u rri n g  i n  

p ro d u c t i o n  e n v i ro n m e n t s  i s  a c c e p t a b l e .

F o r t h e s e  a p p l i c a t i o n s ,  t h e s e  m a t e ri a l s  s h a l l  a l s o  c o n fo rm  w i t h  t h e  fo l l o w i n g :

a )    w ro u g h t  U N S  S 1 7 4 0 0  a n d  S 1 5 5 0 0  p re c i p i t a t i o n - h a rd e n i n g  m a rt e n s i t i c  s t a i n l e s s  s t e e l s  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 

3 3  H R C  a n d  s h a l l  h a v e  b e e n  h e a t - t re a t e d  i n  a c c o rd a n c e  w i t h  e i t h e r 1 )  o r 2 ) ,  a s  fo l l o w s :

1 )    d o u b l e  a g e - h a rd e n i n g  p ro c e s s  a t  6 2 1  ° C  ( 1  1 5 0  ° F ) :

— s o l u t i o n - a n n e a l  a t  ( 1  0 3 8  ±  1 4 )  ° C  [ ( 1  9 0 0  ±  2 5 )  ° F ]  a n d  a i r- c o o l  o r l i q u i d - q u e n c h  t o  b e l o w  3 2  ° C  ( 9 0  ° F ) ;

—	 	 frst	 precipitation-hardening 	 cycle	 at	 (621 	 ±	 1 4)	 °C	 [(1 	 1 50	 ±	 25)	 °F] 	 for	 4	 h 	 minimum	 at	 temperature	 and 	 air-cool 	 or	

l i q u i d - q u e n c h  t o  b e l o w  3 2  ° C  ( 9 0  ° F ) ;

— s e c o n d  p re c i p i t a t i o n - h a rd e n i n g  c y c l e  a t  ( 6 2 1  ±  1 4 )  ° C  [ ( 1  1 5 0  ±  2 5 )  ° F ]  fo r 4  h  m i n i m u m  a t  t e m p e ra t u re  a n d  a i r- c o o l  o r 

l i q u i d - q u e n c h  t o  b e l o w  3 2  ° C  ( 9 0  ° F ) .

2)	 	 	 modifed 	 double	 age-hardening 	 process:

— s o l u t i o n - a n n e a l  a t  ( 1  0 3 8  ±  1 4 )  ° C  [ ( 1  9 0 0  ±  2 5 )  ° F ]  a n d  a i r- c o o l  o r l i q u i d - q u e n c h  t o   b e l o w  3 2  ° C  ( 9 0  ° F ) ;

—	 frst	 precipitation-hardening 	 cycle	 at	 (760	 ±	 1 4)	 °C	 [(1 	 400	 ±	 25)	 °F] 	 for	 2	 h 	 minimum	 at	 temperature	 and 	 air-cool 	 or	

l i q u i d - q u e n c h  t o  b e l o w  3 2  ° C  ( 9 0  ° F ) ;

— s e c o n d  p re c i p i t a t i o n - h a rd e n i n g  c y c l e  a t  ( 6 2 1  ±  1 4 )  ° C  [ ( 1  1 5 0  ±  2 5 )  ° F ]  fo r 4  h  m i n i m u m  a t  t e m p e ra t u re  a n d  a i r- c o o l  o r 

l i q u i d - q u e n c h  t o  b e l o w  3 2  ° C  ( 9 0  ° F ) .

b )    fo r U N S  1 7 4 0 0 ,  l i m i t s  o n  i t s  fe rri t e  c o n t e n t  s h o u l d  b e  c o n s i d e re d ;

c )    fo r u s e  a s  i m p e l l e rs  a t  h i g h e r h a rd n e s s  ( s t re n g t h )  l e v e l s ,  t h e s e  a l l o y s  s h a l l  b e  t e s t e d  i n  a c c o rd a n c e  w i t h  A n n e x  B  a t  a  t e s t  

s t re s s  l e v e l  o f a t  l e a s t  9 5  %  o f AY S ;

d)	 	 	 wrought	 UNS	 S45000	 molybdenum-modifed	 martensitic	 precipitation-hardened	 stainless	 steel 	 shall 	 have	 a	 maximum	 hardness	

o f 3 1  H R C  ( e q u i v a l e n t  t o  3 0 6  H B W  fo r th i s  a l l o y )  a n d  s h a l l  h a v e  u n d e rg o n e  th e  fo l l o w i n g  t w o - s t e p  h e a t- tre a t m e n t p ro c e d u re :

1 )    s o l u t i o n  a n n e a l i n g ;

2 )    p re c i p i t a t i o n  h a rd e n i n g  a t  ( 6 2 1  ±  8 )  ° C  [ 1  1 5 0  ±  1 5 )  ° F ]  fo r 4  h  m i n i m u m  a t  t e m p e ra t u re .

e)	 UNS	 S1 7400	 or	 S1 5500	 used 	 for	 impellers	 at	 a	 hardness	 of	 >33	 HRC	 shal l 	 exhibit	 a	 threshold 	 stress	 ≥95	 %	 of	 AYS	 in 	 the	

a n t i c i p a t e d  s e rv i c e  e n v i ro n m e n t  ( s e e  B . 3 . 4 ) .

a  N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .
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P a rt  3 - 4 4

A. 8 . 3  We l d i n g  o f p re c i p i t a t i o n - h a rd e n e d  s t a i n l e s s  s t e e l s  o f t h i s  m a t e ri a l s  g ro u p

 T h e  re q u i re m e n t s  fo r t h e  c ra c k i n g - re s i s t a n c e  p ro p e rt i e s  o f w e l d s  s h a l l  a p p l y  ( s e e  6 . 2 . 2 ) .

 T h e  h a rd n e s s  o f t h e  b a s e  m e t a l  a ft e r w e l d i n g  s h a l l  n o t  e x c e e d  t h e  m a x i m u m  h a rd n e s s  a l l o w e d  fo r 
t h e  b a s e  m e t a l  a n d  t h e  h a rd n e s s  o f t h e  w e l d  m e t a l  s h a l l  n o t  e x c e e d  t h e  m a x i m u m  h a rd n e s s  l i m i t  
o f t h e  re s p e c t i v e  m e t a l  fo r t h e  w e l d  a l l o y.

A . 9  Precipitation-hardened	 nickel-based	 al loys	 (identifed 	 as	 individual 	 al loys)

A. 9 . 1  E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r t h e  u s e s  o f p re c i p i t a t i o n - h a rd e n e d  n i c k e l - b a s e d  a l l o y s

 Ta b l e  A. 3 1  t o  Ta b l e  A. 3 3  g i v e  t h e  e n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r t h e  u s e s  fo r a n y  e q u i p -
m e n t  o r c o m p o n e n t  o f p re c i p i t a t i o n - h a rd e n e d  n i c k e l - b a s e d  a l l o y s  d i v i d e d  i n t o  g ro u p s  I ,  I I ,  a n d  I I I ,  
re s p e c t i v e l y.

Ta b l e  A . 3 1  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r p re c i p i t a t i o n - h a rd e n e d  n i c k e l - b a s e d  a l l o y s  ( I )   

u s e d  fo r a n y  e q u i p m e n t  o r c o m p o n e n t

I n d i v i d u a l  

a l l o y  

U N S  n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g / l

N 0 7 0 3 1  

N 0 7 0 4 8  

N 0 7 7 7 3  

N 0 9 7 7 7  

( w ro u g h t )  

N 0 7 7 1 8  ( c a s t )  

N 0 9 9 2 5  ( c a s t )

2 3 2  ( 4 5 0 ) 2 0 0  ( 3 0 ) S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N o A n y  c o m b i n a t i o n  o f c h l o ri d e  

c o n c e n t ra t i o n  a n d  in  situ p H  o c c u rri n g  i n  

p ro d u c t i o n  e n v i ro n m e n t s  i s  a c c e p t a b l e .

2 0 4  ( 4 0 0 ) 1  4 0 0  ( 2 0 0 ) S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N o

1 4 9  ( 3 0 0 ) 2  7 0 0  ( 4 0 0 ) S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N o

N 0 7 0 3 1  

N 0 7 0 4 8  

N 0 7 7 7 3  

N 0 9 7 7 7  

( w ro u g h t )

1 3 5  ( 2 7 5 ) S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

Ye s Any	 combination 	 of	 hydrogen	 sulfde, 	

c h l o ri d e  c o n c e n t ra t i o n ,  a n d  in  situ p H  i n  

p ro d u c t i o n  e n v i ro n m e n t s  i s  a c c e p t a b l e .

N 0 9 9 2 5  ( c a s t )

1 3 5  ( 2 7 5 ) S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a

N 0 7 7 1 8  ( c a s t )

1 3 5  ( 2 7 5 ) S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a

N 0 7 9 2 4  

( w ro u g h t )

1 7 5  ( 3 4 7 ) 3  5 0 0  ( 5 0 0 ) 1 3 9  0 0 0 ≥3.5,  

S e e  a l s o  

“ R e m a rk s ”  

c o l u m n

N o p H  e s t i m a t e d  fro m  l a b o ra t o ry  t e s t  

c o n d i t i o n s .

T h e s e  m a t e ri a l s  s h a l l  a l s o  c o n fo rm  w i t h  t h e  fo l l o w i n g :

a )    w ro u g h t  U N S  N 0 7 0 3 1  s h a l l  b e  i n  e i t h e r o f t h e  fo l l o w i n g  c o n d i t i o n s :

1 )    s o l u t i o n - a n n e a l e d  t o  a  m a x i m u m  h a rd n e s s  o f 3 5  H R C ;

2 )    s o l u t i o n - a n n e a l e d  a n d  a g e d  a t  7 6 0  ° C  t o  8 7 1  ° C  ( 1  4 0 0  ° F  t o  1  6 0 0  ° F )  fo r a  m a x i m u m  o f 4  h  t o  a  m a x i m u m  h a rd n e s s  o f 

4 0  H R C .

b )  w ro u g h t  U N S  N 0 7 0 4 8 ,  w ro u g h t  U N S  N 0 7 7 7 3 ,  a n d  w ro u g h t  U N S  N 0 9 7 7 7  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 4 0  H R C  a n d  

s h a l l  b e  i n  t h e  s o l u t i o n - a n n e a l e d  a n d  a g e d  c o n d i t i o n ;

c )  w ro u g h t  U N S  N 0 7 9 2 4  s h a l l  b e  i n  t h e  s o l u t i o n - a n n e a l e d  a n d  a g e d  c o n d i t i o n  a t  a  m a x i m u m  h a rd n e s s  o f 3 5  H R C ;

d )  c a s t  U N S  N 0 9 9 2 5  s h a l l  b e  i n  t h e  s o l u t i o n - a n n e a l e d  a n d  a g e d  c o n d i t i o n  a t  a  m a x i m u m  h a rd n e s s  o f 3 5  H R C ;

e )  c a s t  U N S  N 0 7 7 1 8  s h a l l  b e  i n  t h e  s o l u t i o n - a n n e a l e d  a n d  a g e d  c o n d i t i o n  a t  a  m a x i m u m  h a rd n e s s  o f 4 0  H R C .

a  N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .
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P a rt  3 - 4 5

Ta b l e  A . 3 2  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r p re c i p i t a t i o n - h a rd e n e d  n i c k e l - b a s e d  a l l o y s  ( I I )   

u s e d  fo r a n y  e q u i p m e n t  o r c o m p o n e n t

I n d i v i d u a l  

a l l o y  U N S  

n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x  

° C  ( ° F )

m a x  

k P a  ( p s i )

m a x  

m g / l

N 0 7 7 1 8 a )

N 0 9 9 2 5 b )

2 3 2  ( 4 5 0 ) 2 0 0  ( 3 0 ) S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N o An y  c o m b i n a t i o n  o f c h l o ri d e  

c o n c e n t ra t i o n  a n d  in  situ p H  o c c u rri n g  i n  

p ro d u c t i o n  e n v i ro n m e n t s  i s  a c c e p t a b l e .

2 0 4  ( 4 0 0 ) 1  4 0 0  ( 2 0 0 ) S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N o

1 9 9  ( 3 9 0 ) 2  3 0 0  ( 3 3 0 ) S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N o

1 9 1  ( 3 7 5 ) 2  5 0 0  ( 3 6 0 ) S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N o

1 4 9  ( 3 0 0 ) 2  8 0 0  ( 4 0 0 ) S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N o

1 3 5  ( 2 7 5 ) S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

Ye s Any	 combination 	 of	 hydrogen	 sulfde, 	

c h l o ri d e  c o n c e n t ra t i o n ,  a n d  in  situ p H  i n  

p ro d u c t i o n  e n v i ro n m e n t s  i s  a c c e p t a b l e .

N 0 7 7 1 8 c ) 2 0 5  ( 4 0 1 )
3  5 0 0  

( 5 0 0 )
1 8 0  0 0 0

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a

An y  in  situ p ro d u c t i o n  e n v i ro n m e n t  p H  i s  

a c c e p t a b l e  fo r ρC O
2

 +  ρH
2
S	 ≤	 7	 000	 kPa	

( 1  0 0 0  p s i ) .

N 0 9 9 2 5 b )  3 ) 2 0 5  ( 4 0 1 )
3  5 0 0  

( 5 0 0 )
1 8 0  0 0 0

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a

An y  in  situ p ro d u c t i o n  

e n v i ro n m e n t  p H  i s  a c c e p t a b l e  

fo r ρC O
2

 +  ρH
2
S	 ≤	 7	 000	 kPa	 (1 	 000	 psi).

N 0 9 9 3 5 d ) 2 3 2  ( 4 5 0 )
2  8 0 0  

( 4 0 0 )
1 8 0  0 0 0

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a

An y  in  situ p ro d u c t i o n  e n v i ro n m e n t  p H  i s  

a c c e p t a b l e  fo r ρC O
2

 +  ρH
2
S	 ≤	 8	 300	 kPa	

( 1  2 0 0  p s i )

N 0 9 9 4 5 e )  

N 0 9 9 4 6 f)

2 3 2  ( 4 5 0 )
3  5 0 0  

( 5 0 8 )
1 3 9  0 0 0

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a

An y  in  situ p ro d u c t i o n  e n v i ro n m e n t  p H  i s  

a c c e p t a b l e  fo r ρC O
2

 +  ρH
2
S	 ≤	 7	 000	 kPa	

( 1  0 0 0  p s i )

2 0 5  ( 4 0 1 )
3  5 0 0  

( 5 0 8 )
1 8 0  0 0 0

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a

N 0 9 9 4 5 e ) 1 7 7  ( 3 5 0 )
7  7 0 0  

( 1  1 0 0 )
1 2 5  0 0 0

S e e  

“ R e m a rk s ”  

c o l u m n

Ye s b

An y  in  situ p ro d u c t i o n  e n v i ro n m e n t  p H  i s  

a c c e p t a b l e  fo r p C O
2

 s u c h  t h a t :

F o r ρH
2

S  <  5  8 0 0  k P a  ( 8 4 2  p s i ) :  

ρC O
2

 +  p H
2
S	 ≤	 1 0	 000	 kPa	 (1 	 450	 psi).

F o r p H
2

S  fro m  5  8 0 0  k P a  t o  7  7 0 0  k P a :  

ρC O
2
	 ≤	 4 	 200	 kPa	 (61 0	 psi).

N 0 9 9 5 5 g ) 2 0 5  ( 4 0 1 )
3  5 0 0  

( 5 0 0 )
1 8 0  0 0 0

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a

An y  in  situ p ro d u c t i o n  e n v i ro n m e n t  p H  i s  

a c c e p t a b l e  fo r ρC O
2

 +  ρH
2
S	 ≤	 7	 000	 kPa	

( 1  0 0 0  p s i ) .
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P a rt  3 - 4 6

T h e s e  m a t e ri a l s  s h a l l  a l s o  c o n fo rm  w i t h  t h e  fo l l o w i n g :

a )  e x c e p t  a s  s t a t e d  i n  c ) ,  w ro u g h t  U N S  N 0 7 7 1 8  s h a l l  b e  i n  a n y  o n e  o f t h e  fo l l o w i n g  c o n d i t i o n s :

1 )    s o l u t i o n - a n n e a l e d  t o  a  m a x i m u m  h a rd n e s s  o f 3 5  H R C ;

2 )    h o t - w o rk e d  t o  a  m a x i m u m  h a rd n e s s  o f 3 5  H R C ;

3 )    h o t - w o rk e d  a n d  a g e d  t o  a  m a x i m u m  h a rd n e s s  o f 3 5  H R C ;

4 )    s o l u t i o n - a n n e a l e d  a n d  a g e d  t o  a  m a x i m u m  h a rd n e s s  o f 4 0  H R C .

b )  w ro u g h t  U N S  N 0 9 9 2 5  s h a l l  b e  i n  a n y  o n e  o f t h e  fo l l o w i n g  c o n d i t i o n s :

1 )    c o l d - w o rk e d  t o  a  m a x i m u m  h a rd n e s s  o f 3 5  H R C ;

2 )    s o l u t i o n - a n n e a l e d  t o  a  m a x i m u m  h a rd n e s s  o f 3 5  H R C ;

3 )    s o l u t i o n - a n n e a l e d  a n d  a g e d  t o  a  m a x i m u m  h a rd n e s s  o f 3 8  H R C ;

4 )    c o l d - w o rk e d  a n d  a g e d  t o  a  m a x i m u m  h a rd n e s s  o f 4 0  H R C ;

5)	 	 	 hot-fnished 	 and 	 aged 	 to	 a	 maximum	 hardness	 of	 40	 HRC.

c )  w ro u g h t  U N S  N 0 7 7 1 8  m e e t i n g  t h e  c o m p o s i t i o n  o f API  6A  C R A i s  a c c e p t a b l e  t o  a  m a x i m u m  h a rd n e s s  o f 4 5  H R C ,  w h e n  

s o l u t i o n  a n n e a l e d  a n d  a g e d  a s  fo l l o w s :

1 )    s o l u t i o n - a n n e a l e d  1  0 2 1  ° C  t o  1  0 5 2  ° C  ( 1  8 7 0  ° F  t o  1  9 2 5  ° F )  fo r 1  t o  2 . 5  h o u rs  a t  t e m p e ra t u re ,  a i r c o o l  o r fa s t e r.

2 )    a g e  h a rd e n e d  7 0 0  ° C  t o  7 5 0  ° C  ( 1  2 9 2  ° F  t o  1  3 8 2  ° F ) ,  h o l d  fo r 8  h o u rs  m i n i m u m ,  fu rn a c e  c o o l  t o  6 0 0  ° C  t o  6 5 0  ° C  

( 1  1 1 2  ° F  t o  1  2 0 2  ° F )  a n d  h o l d  fo r a n  a d d i t i o n a l  8  h o u rs  m i n i m u m ,  a i r c o o l .

d )  w ro u g h t  U N S  N 0 9 9 3 5  s h a l l  b e  i n  t h e  s o l u t i o n  a n n e a l e d  a n d  a g e d  c o n d i t i o n  t o  a  m a x i m u m  h a rd n e s s  o f 3 4  H R C ;

e )  w ro u g h t  U N S  N 0 9 9 4 5  s h a l l  b e  i n  t h e  s o l u t i o n  a n n e a l e d  a n d  a g e d  c o n d i t i o n  t o  a  m a x i m u m  h a rd n e s s  o f 4 2  H R C ;

f)  w ro u g h t  U N S  N 0 9 9 4 6  s h a l l  b e  i n  s o l u t i o n  a n n e a l e d  a n d  a g e d  c o n d i t i o n  t o  a  m a x i m u m  h a rd n e s s  o f 4 6  H R C ;

g )  w ro u g h t  U N S  N 0 9 9 5 5  s h a l l  b e  i n  s o l u t i o n  a n n e a l e d  a n d  a g e d  c o n d i t i o n  t o  a  m a x i m u m  h a rd n e s s  o f 4 2  H R C .

a  N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .

b 	 Sulfur	 resistant	 as	 tested 	 in 	 accordance	 with 	 Group	 1 	 as	 defned	 in 	 NACE	 Conference	 paper	 95047	 and 	 EFC	 1 7, 	 Appendix	

S 1 .
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©2 0 2 2  As s o c i a t i o n  fo r M a t e ri a l s  P ro t e c t i o n  a n d  P e rfo rm a n c e  ( A M P P )  a n d  I n t e rn a t i o n a l  O rg a n i z a t i o n  fo r S t a n d a rd i z a t i o n  ( I S O ) .  Al l  ri g h t s  re s e rv e d .  

P a rt  3 - 4 7

Ta b l e  A . 3 3  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r p re c i p i t a t i o n - h a rd e n e d  n i c k e l - b a s e d  a l l o y s  ( I I I )   

u s e d  fo r a n y  e q u i p m e n t  o r c o m p o n e n t

I n d i v i d u a l  

a l l o y  U N S  

n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g / l

N 0 7 6 2 6  

( p o w d e r 

m e t a l )  

N 0 7 7 1 6  

N 0 7 7 2 5  

( w ro u g h t )

2 3 2  ( 4 5 0 ) 1  0 0 0  

( 1 5 0 )

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N o An y  c o m b i n a t i o n  o f c h l o ri d e  

c o n c e n t ra t i o n  a n d  in  situ p H  

o c c u rri n g  i n  p ro d u c t i o n  e n v i ro n m e n t s  

i s  a c c e p t a b l e .
2 1 8  ( 4 2 5 ) 2  0 0 0  

( 3 0 0 )

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

Ye s

N 0 7 6 2 6  

( p o w d e r 

m e t a l )

2 0 4  ( 4 0 0 ) 4  1 0 0  

( 6 0 0 )

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N o

N 0 7 7 1 6  

N 0 7 7 2 5  

( w ro u g h t )

2 0 4  ( 4 0 0 ) 4  1 0 0  

( 6 0 0 )

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

Ye s

N 0 7 0 2 2  

( w ro u g h t )

2 0 4  ( 4 0 0 ) 3  5 0 0  

( 5 0 0 )

1 8 0  0 0 0 S e e  

“ R e m a rk s ”  

c o l u m n

Ye s An y  in  situ p ro d u c t i o n  e n v i ro n m e n t  

p H  i s  a c c e p t a b l e  fo r ρC O
2

 +  

ρH
2
S	 ≤	 7	 000	 kPa	 (1 	 000	 psi)

N 0 7 6 2 6  

( p o w d e r 

m e t a l )  

N 0 7 7 1 6  

N 0 7 7 2 5  

( w ro u g h t )

1 7 7  ( 3 5 0 ) S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

Ye s Any	 combination 	 of	 hydrogen	 sulfde, 	

c h l o ri d e  c o n c e n t ra t i o n ,  a n d  in  situ 

p H  i n  p ro d u c t i o n  e n v i ro n m e n t s  i s  

a c c e p t a b l e .

T h e s e  m a t e ri a l s  s h a l l  a l s o  c o n fo rm  w i t h  t h e  fo l l o w i n g :

a )    U N S  N 0 7 6 2 6 ,  t o t a l l y  d e n s e  h o t - c o m p a c t e d  b y  a  p o w d e r m e t a l l u rg y  p ro c e s s ,  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 4 0  H R C  a n d  

a  m a x i m u m  t e n s i l e  s t re n g t h  o f 1  3 8 0  M P a  ( 2 0 0  k s i )  a n d  s h a l l  b e  e i t h e r

      1 )    s o l u t i o n - a n n e a l e d  [ 9 2 7  ° C  ( 1  7 0 0  ° F )  m i n i m u m ]  a n d  a g e d  [ 5 3 8  ° C  t o  8 1 6  ° C  ( 1  0 0 0  ° F  t o  1  5 0 0  ° F ) ] ,  o r

      2 )    d i re c t - a g e d  [ 5 3 8  ° C  t o  8 1 6  ° C  ( 1  0 0 0  ° F  t o  1  5 0 0  ° F ) ] .

b )    w ro u g h t  U N S  N 0 7 7 1 6  a n d  w ro u g h t  U N S  N 0 7 7 2 5  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f H R C  4 3  a n d  s h a l l  b e  i n  t h e  s o l u t i o n -

a n n e a l e d  a n d  a g e d  c o n d i t i o n ;

c )    w ro u g h t  U N S  N 0 7 7 1 6  a n d  w ro u g h t  U N S  N 0 7 7 2 5  i n  t h e  s o l u t i o n - a n n e a l e d  a n d  a g e d  c o n d i t i o n  c a n  a l s o  b e  u s e d  a t  a  

m a x i m u m  h a rd n e s s  o f H R C  4 4  i n  t h e  a b s e n c e  o f e l e m e n t a l  s u l fu r a n d  s u b j e c t  t o  t h e  o t h e r e n v i ro n m e n t a l  l i m i t s  s h o w n  fo r t h e  

m a x i m u m  t e m p e ra t u re  o f 2 0 4  ° C  ( 4 0 0  ° F ) ;

d )    w ro u g h t  U N S  N 0 7 0 2 2  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f H R C  3 9  i n  t h e  a n n e a l e d  a n d  a g e d  c o n d i t i o n .



A N S I / N A C E  M R 0 1 7 5 - 2 0 2 1 / I S O  1 5 1 5 6 - 3 : 2 0 2 0
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P a rt  3 - 4 8

Ta b l e  A . 3 4  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r p re c i p i t a t i o n - h a rd e n e d  n i c k e l - b a s e d  a l l o y s   

u s e d  fo r we l l h e a d  a n d  c h ri s t m a s  t re e  c o m p o n e n t s  ( e x c l u d i n g  b o d i e s  a n d  b o n n e t s )  a n d  v a l v e  a n d  c h o k e   

c o m p o n e n t s  ( e x c l u d i n g  b o d i e s  a n d  b o n n e t s )

I n d i v i d u a l  a l l o y  

U N S  n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g / l

N 0 5 5 0 0 S e e  

“ R e m a rk s ”  

c o l u m n

3 . 4  ( 0 . 5 ) S e e  

“ R e m a rk s ”  

c o l u m n

≥4.5 N D S a A n y  c o m b i n a t i o n  o f t e m p e ra t u re  

a n d  c h l o ri d e  c o n c e n t ra t i o n  

o c c u rri n g  i n  p ro d u c t i o n  

e n v i ro n m e n t s  i s  a c c e p t a b l e .

F o r t h e s e  a p p l i c a t i o n s ,  t h i s  m a t e ri a l  s h a l l  a l s o  c o n fo rm  w i t h  t h e  fo l l o w i n g .

Wro u g h t  U N S  N 0 5 5 0 0  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 3 5  H R C  a n d  s h a l l  b e  e i t h e r

a )    h o t - w o rk e d  a n d  a g e - h a rd e n e d ,

b )    s o l u t i o n - a n n e a l e d ,  o r

c )    s o l u t i o n - a n n e a l e d  a n d  a g e - h a rd e n e d .

a    N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .
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P a rt  3 - 4 9

Ta b l e  A . 3 5  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r p re c i p i t a t i o n - h a rd e n e d  n i c k e l - b a s e d  a l l o y s  u s e d  a s  n o n - p re s s u re  c o n -

t a i n i n g  i n t e rn a l  v a l v e ,  p re s s u re  re g u l a t o r,  a n d  l e v e l  c o n t ro l l e r c o m p o n e n t s  a n d  m i s c e l l a n e o u s  e q u i p m e n t

I n d i v i d u a l  a l l o y  

U N S  n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g /l

N o n - p re s s u re - c o n t a i n i n g  i n t e rn a l - v a l v e ,  p re s s u re - re g u l a t o r,  a n d  l e v e l  c o n t ro l l e r c o m p o n e n t s

N 0 7 7 5 0  

N 0 5 5 0 0

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a A n y  c o m b i n a t i o n  o f 

t e m p e ra t u re .  ρH
2

S ,  

c h l o ri d e  c o n c e n t ra t i o n ,  

a n d  i n  s i t u  p H  o c c u rri n g  

i n  p ro d u c t i o n  e n v i ro n m e n t s  

i s  a c c e p t a b l e .

M i s c e l l a n e o u s  e q u i p m e n t

N 0 5 5 0 0 S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a T h i s  a l l o y  h a s  b e e n  u s e d  

i n  d o w n h o l e  ru n n i n g ,  

s e t t i n g  a n d  s e rv i c e  t o o l  

a p p l i c a t i o n s  fo r t e m p o ra ry  

s e rv i c e  a n d  i n  t e m p o ra ry  

s u rfa c e  s e rv i c e  t o o l  

a p p l i c a t i o n s  w i t h  t h e  

e x c e p t i o n s  o f b o d i e s  a n d  

b o n n e t s .  E n v i ro n m e n t a l  

l i m i t s  fo r t h i s  a l l o y  fo r t h e s e  

a p p l i c a t i o n s  h a v e  n o t  b e e n  

e s t a b l i s h e d .

F o r t h e s e  a p p l i c a t i o n s ,  t h e s e  m a t e ri a l s  s h a l l  a l s o  c o n fo rm  w i t h  t h e  fo l l o w i n g :

a )    w ro u g h t  U N S  N 0 7 7 5 0  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 3 5  H R C  a n d  s h a l l  b e  e i t h e r

      1 )    s o l u t i o n - a n n e a l e d  a n d  a g e d ,

      2 )    s o l u t i o n - a n n e a l e d ,

      3 )    h o t - w o rk e d ,  o r

      4 )    h o t - w o rk e d  a n d  a g e d .

b )    w ro u g h t  U N S  N 0 5 5 0 0  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 3 5  H R C  a n d  s h a l l  b e  e i t h e r

      1 )    h o t - w o rk e d  a n d  a g e - h a rd e n e d ,

      2 )    s o l u t i o n - a n n e a l e d ,  o r

      3 )    s o l u t i o n - a n n e a l e d  a n d  a g e - h a rd e n e d .

a     N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .
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©2 0 2 2  As s o c i a t i o n  fo r M a t e ri a l s  P ro t e c t i o n  a n d  P e rfo rm a n c e  ( A M P P )  a n d  I n t e rn a t i o n a l  O rg a n i z a t i o n  fo r S t a n d a rd i z a t i o n  ( I S O ) .  Al l  ri g h t s  re s e rv e d .  

P a rt  3 - 5 0

Ta b l e  A . 3 6  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r p re c i p i t a t i o n - h a rd e n e d  n i c k e l - b a s e d  a l l o y s  u s e d  a s  s p ri n g s

I n d i v i d u a l  a l l o y  

U N S  N u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g / l

N 0 7 7 5 0 S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a T h i s  m a t e ri a l  h a s  b e e n  

u s e d  fo r t h e s e  c o m p o n e n t s  

w i t h o u t  re s t ri c t i o n  o n  

t e m p e ra t u re ,  ρH
2

S ,  c h l o ri d e  

c o n c e n t ra t i o n ,  o r in  situ p H  

i n  p ro d u c t i o n  e n v i ro n m e n t s .  

N o  l i m i t s  o n  i n d i v i d u a l  

p a ra m e t e rs  a re  s e t ,  b u t  

s o m e  c o m b i n a t i o n s  o f t h e  

v a l u e s  o f t h e s e  p a ra m e t e rs  

have	 led 	 to	 feld 	 failures.

N 0 7 0 9 0 S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a T h i s  m a t e ri a l  h a s  b e e n  

u s e d  fo r t h e s e  c o m p o n e n t s  

w i t h o u t  re s t ri c t i o n  o n  

t e m p e ra t u re ,  ρH
2

S ,  c h l o ri d e  

c o n c e n t ra t i o n ,  o r in  situ p H  

i n  p ro d u c t i o n  e n v i ro n m e n t s .  

N o  l i m i t s  o n  i n d i v i d u a l  

p a ra m e t e rs  a re  s e t ,  b u t  

s o m e  c o m b i n a t i o n s  o f t h e  

v a l u e s  o f t h e s e  p a ra m e t e rs  

m i g h t  n o t  b e  a c c e p t a b l e .

F o r t h i s  a p p l i c a t i o n  t h e s e  m a t e ri a l s  s h a l l  a l s o  c o n fo rm  w i t h  t h e  fo l l o w i n g :

— U N S  N 0 7 7 5 0  s p ri n g s  s h a l l  b e  i n  t h e  c o l d - w o rk e d  a n d  a g e - h a rd e n e d  c o n d i t i o n  a n d  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 

5 0  H R C ;

— U N S  N 0 7 0 9 0  c a n  b e  u s e d  fo r s p ri n g s  fo r c o m p re s s o r v a l v e s  i n  t h e  c o l d - w o rk e d  a n d  a g e - h a rd e n e d  c o n d i t i o n  w i t h  a  m a x i m u m  

h a rd n e s s  o f 5 0  H R C .

a  N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .
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©2 0 2 2  As s o c i a t i o n  fo r M a t e ri a l s  P ro t e c t i o n  a n d  P e rfo rm a n c e  ( A M P P )  a n d  I n t e rn a t i o n a l  O rg a n i z a t i o n  fo r S t a n d a rd i z a t i o n  ( I S O ) .  Al l  ri g h t s  re s e rv e d .  

P a rt  3 - 5 1

Ta b l e  A . 3 7  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r p re c i p i t a t i o n - h a rd e n e d  n i c k e l - b a s e d  a l l o y s  u s e d  i n  g a s  l i ft  s e rv i c e

I n d i v i d u a l  

a l l o y  

U N S  

n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g / l

N 0 5 5 0 0 S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a T h i s  m a t e ri a l  h a s  b e e n  u s e d  

fo r t h e s e  c o m p o n e n t s  w i t h o u t  

re s t ri c t i o n  o n  t e m p e ra t u re ,  ρH
2

S ,  

C l −,  o r in  situ p H  i n  p ro d u c t i o n  

e n v i ro n m e n t s .  N o  l i m i t s  o n  

i n d i v i d u a l  p a ra m e t e rs  a re  s e t ,  b u t  

s o m e  c o m b i n a t i o n s  o f t h e  v a l u e s  

o f th e s e  p a ra m e t e rs  m i g h t  n o t  b e  

a c c e p t a b l e .

a  N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .

A. 9 . 2  We l d i n g  o f p re c i p i t a t i o n - h a rd e n e d  n i c k e l - b a s e d  a l l o y s  o f t h i s  m a t e ri a l s  g ro u p

 T h e  re q u i re m e n t s  fo r t h e  c ra c k i n g - re s i s t a n c e  p ro p e rt i e s  o f w e l d s  s h a l l  a p p l y  ( s e e  6 . 2 . 2 ) .

 T h e  h a rd n e s s  o f t h e  b a s e  m e t a l  a ft e r w e l d i n g  s h a l l  n o t  e x c e e d  t h e  m a x i m u m  h a rd n e s s  a l l o w e d  fo r 

t h e  b a s e  m e t a l  a n d  t h e  h a rd n e s s  o f t h e  w e l d  m e t a l  s h a l l  n o t  e x c e e d  t h e  m a x i m u m  h a rd n e s s  l i m i t  

o f t h e  re s p e c t i v e  m e t a l  fo r t h e  w e l d  a l l o y.

A. 1 0  Cobalt-based	 al loys	 (identifed 	 as	 individual 	 al loys)

A. 1 0 . 1  E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r t h e  u s e s  o f c o b a l t - b a s e d  a l l o y s



A N S I / N A C E  M R 0 1 7 5 - 2 0 2 1 / I S O  1 5 1 5 6 - 3 : 2 0 2 0
©2 0 2 2  As s o c i a t i o n  fo r M a t e ri a l s  P ro t e c t i o n  a n d  P e rfo rm a n c e  ( A M P P )  a n d  I n t e rn a t i o n a l  O rg a n i z a t i o n  fo r S t a n d a rd i z a t i o n  ( I S O ) .  Al l  ri g h t s  re s e rv e d .  

P a rt  3 - 5 2

Ta b l e  A . 3 8  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r c o b a l t - b a s e d  a l l o y s  u s e d  fo r a n y  e q u i p m e n t  o r c o m p o n e n t

I n d i v i d u a l  

a l l o y  

U N S  n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g / l

R 3 0 0 0 3  

R 3 0 0 0 4  

R 3 0 0 3 5  

B S  H R . 3  

R 3 0 6 0 5  

R 3 1 2 3 3

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

Ye s A n y  c o m b i n a t i o n  o f t e m p e ra t u re .  

ρH
2

S ,  c h l o ri d e  c o n c e n t ra t i o n ,  

a n d  in  situ p H  o c c u rri n g  i n  

p ro d u c t i o n  e n v i ro n m e n t s  i s  

a c c e p t a b l e .

T h e s e  m a t e ri a l s  s h a l l  a l s o  c o n fo rm  w i t h  t h e  fo l l o w i n g :

a )    a l l o y s  U N S  R 3 0 0 0 3 ,  U N S  R 3 0 0 0 4 ,  a n d  B S  H R . 3  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 3 5  H R C ;

b )    U N S  R 3 0 0 3 5  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 3 5  H R C  e x c e p t  th a t i t c a n  h a v e  a  m a x i m u m  h a rd n e s s  o f 5 1  H R C  i f i t  i s  i n  t h e  

c o l d - re d u c e d  a n d  h i g h - t e m p e ra tu re  a g e d  h e a t- tre a t e d  c o n d i t i o n  i n  a c c o rd a n c e  w i t h  t h e  m i n i m u m  ti m e  a n d  t h e  t e m p e ra t u re  o f 

o n e  o f t h e  fo l l o w i n g  a g i n g  t re a t m e n t s :

M i n i m u m  t i m e  

h

Te m p e ra t u re  

° C  ( ° F )

4 7 0 4  ( 1 , 3 0 0 )

4 7 3 2  ( 1 , 3 5 0 )

6 7 7 4  ( 1 , 4 2 5 )

4 7 8 8  ( 1 , 4 5 0 )

2 8 0 2  ( 1 , 4 7 5 )

1 8 1 6  ( 1 , 5 0 0 )

c )    w ro u g h t  U N S  R 3 1 2 3 3  s h a l l  b e  i n  t h e  s o l u t i o n - a n n e a l e d  c o n d i t i o n  a n d  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 2 2  H R C ;

d )    U N S  R 3 0 6 0 5  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 3 5  H R C .

Ta b l e  A . 3 9  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r c o b a l t - b a s e d  a l l o y s  u s e d  a s  s p ri n g s

I n d i v i d u a l  a l l o y  

U N S  n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g / l

R 3 0 0 0 3  

R 3 0 0 3 5

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a T h e s e  m a t e ri a l s  h a v e  b e e n  

u s e d  fo r t h e s e  c o m p o n e n t s  

w i t h o u t  re s t ri c t i o n  o n  

t e m p e ra t u re ,  ρH
2

S ,  C l−,  

o r in  situ p H  i n  p ro d u c t i o n  

e n v i ro n m e n t s .  N o  l i m i t s  o n  

i n d i v i d u a l  p a ra m e t e rs  a re  

s e t ,  b u t  s o m e  c o m b i n a t i o n s  

o f t h e  v a l u e s  o f t h e s e  

p a ra m e t e rs  m i g h t  n o t  b e  

a c c e p t a b l e .

F o r t h i s  a p p l i c a t i o n ,  t h e s e  m a t e ri a l s  s h a l l  a l s o  c o n fo rm  w i t h  t h e  fo l l o w i n g :

—   U N S  R 3 0 0 0 3  s h a l l  b e  i n  t h e  c o l d - w o rk e d  a n d  a g e - h a rd e n e d  c o n d i t i o n  a n d  m a x i m u m  6 0  H R C ;

—   U N S  R 3 0 0 3 5  s h a l l  b e  i n  t h e  c o l d - w o rk e d  a n d  a g e - h a rd e n e d  c o n d i t i o n  a n d  m a x i m u m  5 5  H R C  w h e n  a g e d  fo r a  m i n i m u m  o f 

4  h  a t  a  t e m p e ra t u re  n o  l o w e r t h a n  6 4 9  ° C  ( 1  2 0 0  ° F ) .

a     N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .
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P a rt  3 - 5 3

Ta b l e  A . 4 0  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r c o b a l t - b a s e d  a l l o y s  u s e d  a s  d i a p h ra g m s ,  p re s s u re  m e a s u ri n g  d e v i c e s ,  

p re s s u re  s e a l s ,  a n d  s p ri n g s  i n  s p ri n g - e n e rg i z e d  s e a l s

I n d i v i d u a l  

a l l o y  

U N S  

n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g /l

R 3 0 0 0 3 ,  

R 3 0 0 0 4 ,  

R 3 0 2 6 0

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a A n y  c o m b i n a t i o n  o f t e m p e ra t u re .  ρH
2

S ,  

c h l o ri d e  c o n c e n t ra t i o n ,  a n d  in  situ p H  

o c c u rri n g  i n  p ro d u c t i o n  

e n v i ro n m e n t s  i s  a c c e p t a b l e .

R 3 0 1 5 9 S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a T h i s  m a t e ri a l  h a s  b e e n  u s e d  fo r t h e s e  

c o m p o n e n t s  w i t h o u t  re s t ri c t i o n  o n  

t e m p e ra t u re ,  ρH
2

S ,  C l−,  o r in  situ p H  i n  

p ro d u c t i o n  e n v i ro n m e n t s .  N o  l i m i t s  o n  

i n d i v i d u a l  p a ra m e t e rs  a re  s e t ,  b u t  s o m e  

c o m b i n a t i o n s  o f t h e  v a l u e s  o f t h e s e  

p a ra m e t e rs  m i g h t  n o t  

b e  a c c e p t a b l e .

F o r t h e s e  a p p l i c a t i o n s ,  t h e s e  m a t e ri a l s  s h a l l  a l s o  c o n fo rm  w i t h  t h e  fo l l o w i n g :

a )  U N S  R 3 0 0 0 3  a n d  U N S  R 3 0 0 0 4  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 6 0  H R C ;  H i s t o ri c a l l y  t h e  c o l d  w o rk e d  a n d  c o l d  w o rk e d  

a n d  a g e  h a rd e n e d  c o n d i t i o n s  h a v e  b e e n  u s e d .

b )  U N S  R 3 0 2 6 0  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 5 2  H R C ;

c )  w ro u g h t  U N S  R 3 0 1 5 9  fo r p re s s u re  s e a l s  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 5 3  H R C  a n d  t h e  p ri m a ry  l o a d - b e a ri n g  o r 

p re s s u re - c o n t a i n i n g  d i re c t i o n  s h a l l  b e  p a ra l l e l  t o  t h e  l o n g i t u d i n a l  o r ro l l i n g  d i re c t i o n  o f w ro u g h t  p ro d u c t .

a  N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .

A . 1 0 . 2  We l d i n g  o f c o b a l t - b a s e d  a l l o y s  o f t h i s  m a t e ri a l s  g ro u p

 T h e  re q u i re m e n t s  fo r t h e  c ra c k i n g - re s i s t a n c e  p ro p e rt i e s  o f w e l d s  s h a l l  a p p l y  ( s e e  6 . 2 . 2 ) .

 T h e  h a rd n e s s  o f t h e  b a s e  m e t a l  a ft e r w e l d i n g  s h a l l  n o t  e x c e e d  t h e  m a x i m u m  h a rd n e s s  a l l o w e d  fo r 

t h e  b a s e  m e t a l  a n d  t h e  h a rd n e s s  o f t h e  w e l d  m e t a l  s h a l l  n o t  e x c e e d  t h e  m a x i m u m  h a rd n e s s  l i m i t  

o f t h e  re s p e c t i v e  m e t a l  fo r t h e  w e l d  a l l o y.

A . 1 1  Ti t a n i u m  a n d  t a n t a l u m  ( i n d i v i d u a l  a l l o y s )

A . 1 1 . 1  E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r t h e  u s e s  o f t i t a n i u m  a n d  t a n t a l u m  a l l o y s
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Ta b l e  A . 4 1  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r t i t a n i u m  u s e d  fo r a n y  e q u i p m e n t  o r c o m p o n e n t

I n d i v i d u a l  

a l l o y  

U N S  

n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g /l

R 5 0 2 5 0  

R 5 0 4 0 0  

R 5 6 2 6 0  

R 5 3 4 0 0  

R 5 6 3 2 3  

R 5 6 4 0 3  

R 5 6 4 0 4  

R 5 8 6 4 0

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

Ye s A n y  c o m b i n a t i o n  o f t e m p e ra t u re .  ρH
2

S ,  

c h l o ri d e  c o n c e n t ra t i o n ,  a n d  in  situ p H  

o c c u rri n g  i n  p ro d u c t i o n  e n v i ro n m e n t s  i s  

a c c e p t a b l e .

R 5 5 4 0 0 2 8 8  ( 5 5 0 ) 3  4 5 0  

( 5 0 0 )

1 8 0  5 0 0 S e e  

“ R e m a rk s ”  

c o l u m n

Ye s a An y  in  situ p ro d u c t i o n  e n v i ro n m e n t p H  i s  

a c c e p t a b l e  fo r ρC O
2

 +  ρH
2
S	 ≤	 7	 000	 kPa	

( 1  0 0 0  p s i )

T h e s e  m a t e ri a l s  s h a l l  a l s o  c o n fo rm  w i t h  t h e  fo l l o w i n g :

a )    U N S  R 5 0 2 5 0  a n d  R 5 0 4 0 0  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 1 0 0  H R B ;

b )    U N S  R 5 6 2 6 0  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 4 5  H R C  a n d  s h a l l  b e  i n  o n e  o f t h e  t h re e  fo l l o w i n g  c o n d i t i o n s :

      1 )    a n n e a l e d ;

      2 )    s o l u t i o n - a n n e a l e d ;

      3 )    s o l u t i o n - a n n e a l e d  a n d  a g e d .

c )  U N S  R 5 3 4 0 0  s h a l l  b e  i n  t h e  a n n e a l e d  c o n d i t i o n .  H e a t  t re a t m e n t  s h a l l  b e  a n n e a l i n g  a t  ( 7 7 4  ±  1 4 )  ° C  [ ( 1  4 2 5  ±  2 5 )  ° F ]  fo r 2  h  

fo l l o w e d  b y  a i r- c o o l i n g .  M a x i m u m  h a rd n e s s  s h a l l  b e  9 2  H R B ;

d )  U N S  R 5 6 3 2 3  s h a l l  b e  i n  t h e  a n n e a l e d  c o n d i t i o n  a n d  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 3 2  H R C ;

e )  w ro u g h t  U N S  R 5 6 4 0 3  s h a l l  b e  i n  t h e  a n n e a l e d  c o n d i t i o n  a n d  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 3 6  H R C ;

f)  U N S  R 5 6 4 0 4  s h a l l  b e  i n  t h e  a n n e a l e d  c o n d i t i o n  a n d  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 3 5  H R C ;

g )  U N S  R 5 8 6 4 0  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 4 2  H R C ;

h )  U N S  R 5 5 4 0 0  s h a l l  b e  u s e d  i n  t h e  S o l u t i o n - Tre a t  p l u s  A g e  ( S TA )  c o n d i t i o n ,  a n d  h a v e  a  m a x i m u m  h a rd n e s s  o f 4 1  H R C .

a 	 Sulfur	 resistant	 as	 tested 	 in 	 accordance	 with 	 Group	 1 	 as	 defned	 in 	 NACE	 Conference	 paper	 95047	 and	 EFC	 1 7, 	 Appendix	 S1 .

	 Specifc	 guidel ines	 shall 	 be	 fol lowed	 for	 successful 	 applications	 of	 each	 titanium	 al loy	 specifed 	 in 	 this	 document. 	 For	

e x a m p l e ,  h y d ro g e n  e m b ri t t l e m e n t  o f t i t a n i u m  a l l o y s  c a n  o c c u r i f t h e s e  a l l o y s  a re  g a l v a n i c a l l y  c o u p l e d  t o  c e rt a i n  a c t i v e  m e t a l s  

( e . g . ,  c a rb o n  s t e e l )  i n  H
2

S - c o n t a i n i n g  a q u e o u s  m e d i a  a t  t e m p e ra t u re s  g re a t e r t h a n  8 0  ° C  ( 1 7 6  ° F ) .  S o m e  t i t a n i u m  a l l o y s  

c a n  b e  s u s c e p t i b l e  t o  c re v i c e  c o rro s i o n  a n d / o r S S C  i n  c h l o ri d e  e n v i ro n m e n t s .  H a rd n e s s  h a s  n o t  b e e n  s h o w n  t o  c o rre l a t e  

w i t h  s u s c e p t i b i l i t y  t o  S S C /S C C .  H o w e v e r,  h a rd n e s s  h a s  b e e n  i n c l u d e d  fo r a l l o y s  w i t h  h i g h  s t re n g t h  t o  i n d i c a t e  t h e  m a x i m u m  

t e s t i n g  l e v e l s  a t  w h i c h  fa i l u re  h a s  n o t  o c c u rre d .
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P a rt  3 - 5 5

Ta b l e  A . 4 2  — E n v i ro n m e n t a l  a n d  m a t e ri a l s  l i m i t s  fo r t a n t a l u m  u s e d  fo r a n y  e q u i p m e n t  o r c o m p o n e n t

I n d i v i d u a l  

a l l o y  

U N S  

n u m b e r

Te m p e ra t u re P a rt i a l  

p re s s u re  

H
2

S  

ρH
2

S

C h l o ri d e  

c o n c .

p H S u l fu r-  

re s i s t a n t ?

R e m a rk s

m a x m a x m a x

° C  ( ° F ) k P a  ( p s i ) m g / l

R 0 5 2 0 0 S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

S e e  

“ R e m a rk s ”  

c o l u m n

N D S a A n y  c o m b i n a t i o n  o f t e m p e ra t u re .  ρH
2

S ,  

c h l o ri d e  c o n c e n t ra t i o n ,  a n d  in  situ p H  

o c c u rri n g  i n  p ro d u c t i o n  e n v i ro n m e n t s  a re  

a c c e p t a b l e .

U N S  R 0 5 2 0 0  s h a l l  h a v e  a  m a x i m u m  h a rd n e s s  o f 5 5  H R B  a n d  s h a l l  b e  e i t h e r

— a n n e a l e d ,  o r

— g a s  t u n g s t e n  a rc - w e l d e d  a n d  a n n e a l e d .

a     N o  d a t a  s u b m i t t e d  t o  a s c e rt a i n  w h e t h e r t h e s e  m a t e ri a l s  a re  a c c e p t a b l e  fo r s e rv i c e  i n  t h e  p re s e n c e  o f e l e m e n t a l  s u l fu r i n  t h e  

e n v i ro n m e n t .

A. 1 1 . 2  We l d i n g  o f t i t a n i u m  a n d  t a n t a l u m  a l l o y s  o f t h i s  m a t e ri a l s  g ro u p

 T h e  re q u i re m e n t s  fo r t h e  c ra c k i n g - re s i s t a n c e  p ro p e rt i e s  o f w e l d s  s h a l l  a p p l y  ( s e e  6 . 2 . 2 ) .

 T h e  h a rd n e s s  o f t h e  b a s e  m e t a l  a ft e r w e l d i n g  s h a l l  n o t  e x c e e d  t h e  m a x i m u m  h a rd n e s s  a l l o w e d  fo r 

t h e  b a s e  m e t a l  a n d  t h e  h a rd n e s s  o f t h e  w e l d  m e t a l  s h a l l  n o t  e x c e e d  t h e  m a x i m u m  h a rd n e s s  l i m i t  

o f t h e  re s p e c t i v e  m e t a l  fo r t h e  w e l d  a l l o y.

A. 1 2  Copper-	 and 	 aluminum-based	 al loys	 (identifed 	 as	 materials	 types)

A. 1 2 . 1  C o p p e r- b a s e d  a l l o y s

 C o p p e r- b a s e d  a l l o y s  h a v e  b e e n  u s e d  w i t h o u t  re s t ri c t i o n  o n  t e m p e ra t u re ,  ρH
2

S ,  C l−,  o r in  situ  p H  i n  

p ro d u c t i o n  e n v i ro n m e n t s .

N O T E  1  C o p p e r- b a s e d  a l l o y s  c a n  u n d e rg o  a c c e l e ra t e d  m a s s  l o s s  c o rro s i o n  ( w e i g h t  l o s s  c o r-

rosion)	 in 	 sour	 oi l 	 feld 	 environments, 	 particularly	 if	 oxygen	 is	 present.

N O T E  2  S o m e  c o p p e r- b a s e d  a l l o y s  h a v e  s h o w n  s e n s i t i v i t y  t o  G H S C .

A. 1 1 . 2  Al u m i n u m - b a s e d  a l l o y s

 T h e s e  m a t e ri a l s  h a v e  b e e n  u s e d  w i t h o u t  re s t ri c t i o n  o n  t e m p e ra t u re ,  ρH
2

S ,  C l−,  o r in  situ p H  i n  

p ro d u c t i o n  e n v i ro n m e n t s .

 T h e  u s e r s h o u l d  b e  a w a re  t h a t  m a s s  l o s s  c o rro s i o n  ( w e i g h t  l o s s  c o rro s i o n )  o f a l u m i n u m - b a s e d  

a l l o y s  i s  s t ro n g l y  d e p e n d e n t  o n  e n v i ro n m e n t a l  p H .

A. 1 3  C l a d d i n g ,  o v e rl a y s ,  a n d  w e a r- re s i s t a n t  a l l o y s

A. 1 3 . 1  C o rro s i o n - re s i s t a n t  c l a d d i n g s  a n d  l i n i n g s

 The	 materials	 l isted	 and	 defned	 in 	 A. 2  to  A. 1 1  ca n  b e  u s e d  a s  co rro s i o n - re s i s ta n t cl a d d i n g s  a n d  l i n i n g s .

 U n l e s s  t h e  u s e r c a n  d e m o n s t ra t e  a n d  d o c u m e n t  t h e  l i k e l y  l o n g - t e rm  i n - s e rv i c e  i n t e g ri t y  o f t h e  

c l a d d i n g  o r l i n i n g  a s  a  p ro t e c t i v e  l a y e r,  t h e  b a s e  m a t e ri a l ,  a ft e r a p p l i c a t i o n  o f t h e  c l a d d i n g  o r l i n i n g ,  

s h a l l  c o n fo rm  w i t h  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 2  o r t h i s  d o c u m e n t ,  a s  a p p l i c a b l e .
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 T h i s  m a y  i n v o l v e  t h e  a p p l i c a t i o n  o f h e a t  o r s t re s s - re l i e f t re a t m e n t s  t h a t  c a n  a ffe c t  t h e  c l a d d i n g  o r 

l i n i n g  p ro p e rt i e s .

 F a c t o rs  t h a t  c a n  a ffe c t  t h e  l o n g - t e rm  i n - s e rv i c e  i n t e g ri t y  o f a  c l a d d i n g  o r l i n i n g  i n c l u d e  e n v i ro n m e n -

t a l  c ra c k i n g  u n d e r t h e  i n t e n d e d  s e rv i c e  c o n d i t i o n s ,  t h e  e ffe c t s  o f o t h e r c o rro s i o n  m e c h a n i s m s ,  a n d  

m e c h a n i c a l  d a m a g e .

A. 1 3 . 2  C o rro s i o n - re s i s t a n t  w e l d  o v e rl a y s

 The	 materials	 l isted 	 and 	 defned	 in 	 A. 2  t o  A. 1 1  c a n  b e  u s e d  a s  c o rro s i o n - re s i s t a n t  w e l d  o v e rl a y  

c o n s u m a b l e s .

 U n l e s s  t h e  u s e r c a n  d e m o n s t ra t e  a n d  d o c u m e n t  t h e  l i k e l y  l o n g - t e rm  i n - s e rv i c e  i n t e g ri t y  o f t h e  w e l d  

o v e rl a y  a s  a  p ro t e c t i v e  l a y e r,  t h e  b a s e  m a t e ri a l ,  a ft e r a p p l i c a t i o n  o f t h e  w e l d  o v e rl a y,  s h a l l  c o n fo rm  

w i t h  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 2  o r t h i s  d o c u m e n t ,  a s  a p p l i c a b l e .  T h i s  m a y  i n v o l v e  t h e  a p -

p l i c a t i o n  o f h e a t  o r s t re s s - re l i e f t re a t m e n t s  t h a t  c a n  a ffe c t  t h e  w e l d  o v e rl a y  p ro p e rt i e s .

 F a c t o rs  t h a t  c a n  a ffe c t  t h e  l o n g - t e rm  i n - s e rv i c e  i n t e g ri t y  o f a  w e l d  o v e rl a y  i n c l u d e  e n v i ro n m e n t a l  

c ra c k i n g  u n d e r t h e  i n t e n d e d  s e rv i c e  c o n d i t i o n s ,  t h e  e ffe c t s  o f o t h e r c o rro s i o n  m e c h a n i s m s  a n d  

m e c h a n i c a l  d a m a g e .

 D i l u t i o n  o f a  w e l d - o v e rl a y  t h a t  o c c u rs  d u ri n g  a p p l i c a t i o n  c a n  i m p a c t  o n  i t s  c o rro s i o n  re s i s t a n c e  o r 

m e c h a n i c a l  p ro p e rt i e s  a n d  s h a l l  b e  c o n s i d e re d .

 The	 chemical 	 composition 	 l imits	 of	 a 	 corrosion-resistant	 overlay	 at	 the	 minimum	 qualifed 	 thick-

ness	 shal l 	 be	 as	 specifed 	 in 	 the	 two	 following	 paragraphs. 	 For	 reference, 	 ASME	 BPVC	 Section 	

I X [ 1 ]  a n d  I S O  1 5 6 1 4 - 7 [ 2 ] 	 provide	 a	 methodology	 for	 establ ishing 	 the	 minimum	 qual ifed 	 overlay	

t h i c k n e s s .

 For	 UNS	 N06625	 overlays	 applied 	 using 	 UNS	 N06625	 type	 fl ler	 metals	 (i .e. , 	 AWS	 classifcation 	

ERNiCrMo-3), 	 the	 composition 	 of	 the	 overlays	 at	 the	 minimum	 qual ifed 	 thickness	 shal l 	 be	 con-

t ro l l e d  b y  l i m i t i n g  t h e  i ro n  c o m p o s i t i o n  t o  5  %  o r 1 0  %  m a x i m u m  ( b y  w e i g h t ) .  T h e  e n d  u s e r m a y  

specify	 either	 5	 %	 or	 1 0	 %	 maximum	 iron, 	 based	 on 	 their	 needs	 for	 a	 specifc	 application 	 or	 feld.

 F o r o t h e r a l l o y s ,  t h e  c h e m i c a l  c o m p o s i t i o n  l i m i t s  o f a  c o rro s i o n - re s i s t a n t  o v e rl a y,  a t  t h e  m i n i m u m  

o v e rl a y  t h i c k n e s s ,  s h a l l  m e e t  t h e  re q u i re m e n t s  a g re e d  t o  b e t w e e n  t h e  e q u i p m e n t  m a n u fa c t u re r 

a n d  t h e  e q u i p m e n t  u s e r.

A . 1 3 . 3  We a r- re s i s t a n t  a l l o y s

A . 1 3 . 3 . 1  We a r- re s i s t a n t  a l l o y s  u s e d  fo r s i n t e re d ,  c a s t ,  o r w ro u g h t  c o m p o n e n t s

 Environmental 	 cracking	 resistance	 of	 al loys	 specifcal ly	 designed 	 to	 provide	 wear-re-

sistant	 components	 is	 not	 specifed 	 in 	 ANSI/NACE	 MR01 75/ISO	 1 51 56	 (al l 	 parts). 	

N o  p ro d u c t i o n  l i m i t s  fo r t e m p e ra t u re ,  ρH
2

S ,  C l−,  o r in  situ p H  h a v e  b e e n  e s t a b l i s h e d .

 S o m e  m a t e ri a l s  u s e d  fo r w e a r- re s i s t a n t  a p p l i c a t i o n s  c a n  b e  b ri t t l e .  E n v i ro n m e n t a l  

c ra c k i n g  c a n  o c c u r i f t h e s e  m a t e ri a l s  a re  s u b j e c t  t o  t e n s i o n .  C o m p o n e n t s  m a d e  fro m  

t h e s e  m a t e ri a l s  a re  n o rm a l l y  l o a d e d  o n l y  i n  c o m p re s s i o n .

A . 1 3 . 3 . 2  H a rd - fa c i n g  m a t e ri a l s

 H a rd  fa c i n g  m a y  b e  u s e d .

 Environmental 	 cracking	 resistance	 of	 al loys	 or	 surface	 layers	 specifcal ly	 designed	

to	 provide	 hard 	 facing	 is	 not	 specifed 	 in 	 ANSI/NACE	 MR01 75/ISO	 1 51 56	 (al l 	 parts). 	

N o  p ro d u c t i o n  l i m i t s  fo r t e m p e ra t u re ,  ρH
2

S ,  C l−,  o r in  situ p H  h a v e  b e e n  e s t a b l i s h e d .
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 S o m e  m a t e ri a l s  u s e d  fo r h a rd - fa c i n g  a p p l i c a t i o n s  c a n  b e  b ri t t l e .  E n v i ro n m e n t a l  

c ra c k i n g  o f t h e  h a rd  fa c i n g  c a n  o c c u r i f t h e s e  m a t e ri a l s  a re  s u b j e c t e d  t o  t e n s i o n .

 U n l e s s  t h e  u s e r c a n  d e m o n s t ra t e  a n d  d o c u m e n t  t h e  l i k e l y  l o n g - t e rm  i n - s e rv i c e  i n t e g -

ri t y  o f t h e  h a rd - fa c i n g  m a t e ri a l s ,  t h e  b a s e  m a t e ri a l  a ft e r a p p l i c a t i o n  o f t h e  h a rd - fa c i n g  

m a t e ri a l  s h a l l  c o n fo rm  w i t h  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 2  o r t h i s  d o c u m e n t ,  a s  

a p p l i c a b l e .
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A n n e x  B  ( n o rm a t i v e )  

 

Q u a l i f c a t i o n  of C R As  fo r H
2

S - s e rv i c e  b y  l a b o ra t o ry  t e s t i n g

B . 1  G e n e ra l

 This	 annex	 specifes	 minimum	 requirements	 for	 qual ifying	 CRAs	 for	 H
2

S  s e rv i c e  b y  l a b o ra t o ry  t e s t i n g .  R e -

q u i re m e n t s  a re  g i v e n  fo r q u a l i fy i n g  re s i s t a n c e  t o  t h e  fo l l o w i n g  c ra c k i n g  m e c h a n i s m s :

— S S C  a t  a m b i e n t  t e m p e ra t u re ;

— S C C  a t  m a x i m u m  s e rv i c e  t e m p e ra t u re  i n  t h e  a b s e n c e  o f e l e m e n t a l  s u l fu r,  S 0 ;

— H S C  o f C R As  w h e n  g a l v a n i c a l l y  c o u p l e d  t o  c a rb o n  o r l o w  a l l o y  s t e e l ,  i . e . ,  G H S C .

 S u p p l e m e n t a ry  re q u i re m e n t s  c o n c e rn

a )  t e s t i n g  a t  i n t e rm e d i a t e  t e m p e ra t u re s  w h e n  t h e  d i s t i n c t i o n  b e t w e e n  S S C  a n d  S C C  i s  u n c l e a r,  a n d

b )  S C C  t e s t i n g  i n  t h e  p re s e n c e  o f S 0 .

 G u i d a n c e  o n  t h e  p o t e n t i a l  fo r c o rro s i o n  t o  c a u s e  c ra c k i n g  o f C R As  i s  g i v e n  i n  Ta b l e  B . 1 .  T h e  a l l o y  g ro u p s  a re  

t h e  s a m e  a s  t h o s e  u s e d  i n  An n e x  A.

 T h e  t e s t  re q u i re m e n t s  o f t h i s  a n n e x  d o  n o t  a d d re s s  t h e  p o s s i b l e  c o n s e q u e n c e s  o f s e q u e n t i a l  e x p o s u re  t o  d i f-

fe re n t  e n v i ro n m e n t s .  F o r e x a m p l e ,  t h e  c o n s e q u e n c e  o f c o o l i n g  a ft e r h y d ro g e n  u p t a k e  a t  a  h i g h e r t e m p e ra t u re  

i s  n o t  e v a l u a t e d .
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Ta b l e  B . 1  — C ra c k i n g  m e c h a n i s m s  t h a t  s h a l l  b e  c o n s i d e re d  fo r C R A a n d  o t h e r a l l o y  g ro u p s

M a t e ri a l s  g ro u p s  o f A n n e x  A

P o t e n t i a l  c ra c k i n g  

m e c h a n i s m s  i n  H
2

S  

s e rv i c e a ,  b R e m a rk s

S S C S C C G H S C

A u s t e n i t i c  s t a i n l e s s  s t e e l s  

( s e e  A . 2 )

S P S S o m e  c o l d - w o rk e d  a l l o y s  c o n t a i n  m a rt e n s i t e  a n d  c a n  

t h e re fo re  b e  s e n s i t i v e  t o  S S C  a n d / o r H S C .

H i g h l y - a l l o y e d  a u s t e n i t i c  

s t a i n l e s s  s t e e l s  ( s e e  A. 3 )

— P — T h e s e  a l l o y s  a re  g e n e ra l l y  i m m u n e  t o  S S C  a n d  H S C .  

L o w - t e m p e ra t u re  c ra c k i n g  t e s t s  a re  n o t  n o rm a l l y  re q u i re d .

S o l i d - s o l u t i o n  n i c k e l - b a s e d  

a l l o y s  ( s e e  A . 4 )

S P S S o m e  N i - b a s e d  a l l o y s  i n  t h e  c o l d - w o rk e d  c o n d i t i o n  a n d /

o r a g e d  c o n d i t i o n s  c o n t a i n  s e c o n d a ry  p h a s e s  a n d  c a n  b e  

s u s c e p t i b l e  t o  H S C  w h e n  g a l v a n i c a l l y  c o u p l e d  t o  s t e e l .

I n  t h e  h e a v i l y  c o l d - w o rk e d  a n d  w e l l - a g e d  c o n d i t i o n  c o u p l e d  t o  

s t e e l ,  t h e s e  a l l o y s  c a n  e x p e ri e n c e  H S C .

F e rri t i c  s t a i n l e s s  s t e e l s  

( s e e  A . 5 )

P — P —

M a rt e n s i t i c  s t a i n l e s s  s t e e l s  

( s e e  A . 6 )

P S P A l l o y s  c o n t a i n i n g  N i  a n d  M o  c a n  b e  s u b j e c t  t o  S C C  w h e t h e r 

o r n o t  t h e y  c o n t a i n  re s i d u a l  a u s t e n i t e .

D u p l e x  s t a i n l e s s  s t e e l s  

( s e e  A . 7 )

S P S C ra c k i n g  s e n s i t i v i t y  c a n  b e  h i g h e s t  a t  a  t e m p e ra t u re  b e l o w  

t h e  m a x i m u m  s e rv i c e  t e m p e ra t u re  a n d  t e s t i n g  o v e r a  ra n g e  o f 

t e m p e ra t u re s  s h a l l  b e  c o n s i d e re d .

P re c i p i t a t i o n - h a rd e n e d  

s t a i n l e s s  s t e e l s  ( s e e  A. 8 )

P P P —

P re c i p i t a t i o n - h a rd e n e d  n i c k e l  

b a s e  a l l o y s  ( s e e  A . 9 )

S P P S o m e  N i - b a s e d  a l l o y s  i n  t h e  c o l d - w o rk e d  c o n d i t i o n  a n d /

o r a g e d  c o n d i t i o n s  c o n t a i n  s e c o n d a ry  p h a s e s  a n d  c a n  b e  

s u s c e p t i b l e  t o  H S C  w h e n  g a l v a n i c a l l y  c o u p l e d  t o  s t e e l .

C o b a l t - b a s e d  a l l o y s  

( s e e  A . 1 0 )

S P P —

Ti t a n i u m  a n d  t a n t a l u m  

( s e e  A . 1 1 )

S e e  “ R e m a rk s ”  c o l u m n Cracking	 mechanisms	 depend	 upon	 the	 specifc	 al loy. 	

T h e  e q u i p m e n t  u s e r s h a l l  e n s u re  a p p ro p ri a t e  t e s t i n g  a n d  

qualifcation 	 is	 carried 	 out.

C o p p e r a n d  a l u m i n u m  

( s e e  A . 1 2 )

S e e  “ R e m a rk s ”  c o l u m n T h e s e  a l l o y s  a re  n o t  k n o wn  t o  s u ffe r fro m  t h e s e  c ra c k i n g  

m e c h a n i s m s

a    P  i n d i c a t e s  p ri m a ry  c ra c k i n g  m e c h a n i s m .
b    S  i n d i c a t e s  s e c o n d a ry,  p o s s i b l e ,  c ra c k i n g  m e c h a n i s m .

B . 2  Uses	 of	 laboratory	 qual ifcations

B . 2 . 1  G e n e ra l

 An	 overview	 of	 the	 uses	 of	 laboratory	 qual ifcations	 is	 given 	 in 	 F i g u re  B . 1 .
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a  T h i s  d o c u m e n t  a d d re s s e s  S S C ,  S C C ,  a n d  G H S C  o f C R As  a n d  o t h e r a l l o y s .  I S O  1 5 1 5 6 - 2  

a d d re s s e s  S S C ,  H I C ,  S O H I C ,  a n d  S Z C  o f c a rb o n  a n d  l o w  a l l o y  s t e e l s .

b  An n e x  A a d d re s s e s  S S C ,  S C C ,  a n d  G H S C  o f C R As  a n d  o t h e r a l l o y s .  I S O  1 5 1 5 6 - 2 : 2 0 2 0 ,  

An n e x  A a d d re s s e s  S S C  o f c a rb o n  a n d  l o w  a l l o y  s t e e l s .

c See	 fnal 	 paragraphs	 of	 “Introduction”	 for	 further	 information	 regarding	 document	 maintenance.

N O T E  Flowchart	 omits	 qual ifcation 	 by	 feld 	 experience	 as	 described 	 in 	 ANSI/NACE	

M R 0 1 7 5 /I S O  1 5 1 5 6 - 1 .

F i g u re  B . 1  — A l t e rn a t i v e s  fo r a l l o y  s e l e c t i o n  a n d  l a b o ra t o ry  q u a l i f c a t i o n

B . 2 . 2  Qualifcation 	 of	 manufactured 	 products

 The	 user	 of	 this	 document	 shal l 	 defne	 the	 qual ifcation 	 requirements	 for	 the	 material 	 in 	 accor-

d a n c e  w i t h  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 1  a n d  An n e x  B .

 This	 defnition 	 shal l 	 include	 the	 application 	 of	 the	 following:

a )  g e n e ra l  re q u i re m e n t s  ( s e e  AN S I /N AC E  M R 0 1 7 5 - 2 0 2 1 /I S O  1 5 1 5 6 - 1 : 2 0 2 0 ,  C l a u s e  5 ) ;
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b)	 evaluation 	 and 	 defnition 	 of	 service	 conditions	 (see	 ANSI/NACE	 MR01 75-2021 /ISO	 1 51 56-

1 : 2 0 2 0 ,  C l a u s e  6 ) ;

c )  m a t e ri a l  d e s c ri p t i o n  a n d  d o c u m e n t a t i o n  ( s e e  AN S I /N AC E  M R 0 1 7 5 - 2 0 2 1 /I S O  1 5 1 5 6 -

1 : 2 0 2 0 ,  8 . 1 ) ;

d)	 requirements	 for	 qual ifcation 	 based	 upon	 laboratory	 testing 	 (see	 ANSI/NACE	 MR01 75-

2 0 2 1 /I S O  1 5 1 5 6 - 1 : 2 0 2 0 ,  8 . 3 ) ;

e)	 report	 of	 the	 method	 of	 qual ifcation 	 (see	 ANSI/NACE	 MR01 75-2021 /ISO	 1 51 56-1 :2020, 	

C l a u s e  9 ) .

 Appropriate	 “test	 batches”	 and 	 sampling 	 requirements	 shal l 	 be	 defned	 having	 regard 	 to	 the	 nature	

of	 the	 product, 	 the	 method	 of	 manufacture, 	 testing 	 required 	 by	 the	 manufacturing 	 specifcation, 	

and 	 the	 required 	 qualifcation(s)	 (see	 Ta b l e  B . 1 ) .

 S a m p l e s  s h a l l  b e  t e s t e d  i n  a c c o rd a n c e  w i t h  t h i s  a n n e x ,  i . e . ,  An n e x  B ,  fo r e a c h  c ra c k i n g  m e c h a -

nism	 to	 be	 qual ifed. 	 A	 minimum	 of	 three	 specimens	 shal l 	 be	 tested 	 per	 test	 batch. 	 The	 test	 batch 	

shal l 	 be	 qual ifed 	 if	 al l 	 specimens	 satisfy	 the	 test	 acceptance	 criteria.

 R e t e s t i n g  i s  p e rm i t t e d  i n  a c c o rd a n c e  w i t h  t h e  fo l l o w i n g .  I f a  s i n g l e  s p e c i m e n  fa i l s  t o  m e e t  t h e  

a c c e p t a n c e  c ri t e ri a ,  t h e  c a u s e  s h a l l  b e  i n v e s t i g a t e d .  I f t h e  s o u rc e  m a t e ri a l  c o n fo rm s  t o  t h e  m a n u -

facturing 	 specifcation, 	 two	 further	 specimens	 may	 be	 tested. 	 These	 shal l 	 be	 taken	 from	 the	 same	

s o u rc e  a s  t h e  fa i l e d  s p e c i m e n .  I f b o t h  s a t i s fy  t h e  a c c e p t a n c e  c ri t e ri a ,  t h e  t e s t  b a t c h  s h a l l  b e  c o n -

sidered 	 qual ifed. 	 Further	 retests	 shal l 	 require	 the	 purchaser’s	 agreement.

 Te s t i n g  o f m a n u fa c t u re d  p ro d u c t s  m a y  b e  c a rri e d  o u t  a t  a n y  t i m e  a ft e r m a n u fa c t u re  a n d  b e fo re  

e x p o s u re  t o  H
2

S  s e rv i c e .

 B e fo re  t h e  p ro d u c t s  a re  p l a c e d  i n  H
2
S	 service, 	 the	 equipment	 user	 shal l 	 review	 the	 qual ifcation 	

and 	 verify	 that	 i t	 satisfes	 the	 defned	 qual ifcation 	 requirements. 	 Products	 with 	 a	 qual ifcation 	 that	

has	 been	 verifed 	 by	 the	 equipment	 user	 may	 be	 placed	 into	 H
2

S  s e rv i c e .

B . 2 . 3  Qualifcation 	 of	 a 	 defned 	 production 	 route

 A	 defned	 production 	 route	 may	 be	 qual ifed 	 for	 the	 production 	 of	 qual ifed 	 material .

 A	 qualifed	 production	 route	 may	 be	 followed	 to	 avoid	 order	 release	 testing	 for	 H
2

S  cra cki n g  re s i s ta n ce .

 A	 materials	 supplier	 may	 propose	 to	 a	 materials	 purchaser	 that	 a	 qual ifed	 production 	 route	 be	

used 	 to	 produce	 qual ifed 	 materials. 	 The	 qual ifed 	 production 	 route	 may	 be	 used 	 if	 the	 materials	

s u p p l i e r a n d  m a t e ri a l s  p u rc h a s e r a g re e  t o  i t s  u s e .

 A	 qualifed	 production	 route	 may	 be	 used	 to	 produce	 qualifed	 material 	 for	 more	 than	 one	 materials	 user.

 To	 qual ify	 a	 production 	 route, 	 the	 material 	 supplier	 shal l 	 demonstrate	 that	 a	 defned	 production 	

route	 is	 capable	 of	 consistently	 manufacturing 	 material 	 that	 satisfes	 the	 applicable	 qual ifcation 	

t e s t  re q u i re m e n t s  o f t h i s  a n n e x .

 The	 qual ifcation 	 of	 a 	 production 	 route	 requires	 al l 	 of	 the	 following:

a)	 defnition 	 of	 the	 production 	 route	 in 	 a	 written 	 qual ity	 plan 	 that	 identifes	 the	 manufacturing 	

l o c a t i o n ( s ) ,  a l l  m a n u fa c t u ri n g  o p e ra t i o n s ,  a n d  t h e  m a n u fa c t u ri n g  c o n t ro l s  re q u i re d  t o  m a i n -

tain 	 the	 qual ifcation;

b)	 in itial 	 testing 	 of	 products	 produced	 on 	 the	 defned	 production 	 route	 in 	 accordance	 with 	 B . 2 . 2  

a n d  v e ri fy i n g  t h e y  s a t i s fy  t h e  a c c e p t a n c e  c ri t e ri a ;
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c)	 periodic	 testing 	 to	 confrm	 that	 the	 product	 continues	 to	 have	 the	 required 	 resistance	 to	

c ra c k i n g  i n  H
2
S	 service. 	 The	 frequency	 of	 “periodic”	 testing 	 shal l 	 also	 be	 defned	 in 	 the	 qual-

i t y  p l a n  a n d  s h a l l  b e  a c c e p t a b l e  t o  t h e  p u rc h a s e r.  A re c o rd  o f s u c h  t e s t s  s h a l l  b e  a v a i l a b l e  

t o  t h e  p u rc h a s e r;

d )  re t a i n i n g  a n d  c o l l a t i n g  t h e  re p o rt s  o f t h e s e  t e s t s  a n d  m a k i n g  t h e m  a v a i l a b l e  t o  m a t e ri a l  

p u rc h a s e rs  a n d /o r e q u i p m e n t  u s e rs .

 A m a t e ri a l  p u rc h a s e r m a y  a g re e  a d d i t i o n a l  q u a l i t y  c o n t ro l  re q u i re m e n t s  w i t h  t h e  m a n u fa c t u re r.

 The	 accuracy	 of	 the	 quality	 plan 	 may	 be	 verifed 	 by	 site	 inspection 	 by	 an 	 interested 	 party.

 Changes	 to	 a	 production 	 route	 that	 fall 	 outside	 the	 l imits	 of	 i ts	 written 	 qual ity	 plan 	 require	 qual ifca-

t i o n  o f a  n e w  ro u t e  i n  a c c o rd a n c e  w i t h  a ) ,  b ) ,  c ) ,  a n d  d )  a b o v e .

B . 2 . 4  U s e  o f l a b o ra t o ry  t e s t i n g  a s  a  b a s i s  fo r p ro p o s i n g  a d d i t i o n s  a n d  c h a n g e s  t o  An n e x  A

 C h a n g e s  t o  An n e x  A m a y  b e  p ro p o s e d  ( s e e  I n t ro d u c t i o n ) .  P ro p o s a l s  fo r c h a n g e s  s h a l l  b e  d o c u -

m e n t e d  i n  a c c o rd a n c e  w i t h  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 1 .  T h e y  s h a l l  a l s o  b e  s u b j e c t  t o  t h e  

fo l l o w i n g  a d d i t i o n a l  re q u i re m e n t s .

 Representative	 samples	 of	 CRAs	 and 	 other	 al loys	 for	 qual ifcation 	 by	 laboratory	 testing 	 shal l 	 be	

s e l e c t e d  i n  a c c o rd a n c e  w i t h  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 1 .

 M a t e ri a l  re p re s e n t i n g  a  m i n i m u m  o f t h re e  s e p a ra t e l y  p ro c e s s e d  h e a t s  s h a l l  b e  t e s t e d  fo r re s i s -

t a n c e  t o  c ra c k i n g  i n  a c c o rd a n c e  w i t h  B . 3 .  Te s t  re q u i re m e n t s  s h a l l  b e  e s t a b l i s h e d  b y  re fe re n c e  t o  

t h e  a p p ro p ri a t e  m a t e ri a l s  g ro u p  i n  Ta b l e  B . 1 .

 Te s t s  s h a l l  b e  p e rfo rm e d  fo r t h e  p ri m a ry  c ra c k i n g  m e c h a n i s m s  l i s t e d  i n  Ta b l e  B . 1 .

 Te s t s  s h a l l  a l s o  b e  p e rfo rm e d  fo r t h e  s e c o n d a ry  c ra c k i n g  m e c h a n i s m s  l i s t e d  i n  Ta b l e  B . 1 ;  o t h e r-

wise, 	 the	 justifcation 	 for	 their	 omission 	 shal l 	 be	 included	 in 	 the	 test	 report.

 F o r o t h e r a l l o y s  n o t  c o v e re d  b y  Ta b l e  B . 1 , 	 the	 choice	 of	 qual ifcation 	 tests	 used 	 shal l 	 be	 justifed 	

a n d  d o c u m e n t e d .

 Suffcient	 data	 shall 	 be	 provided 	 to	 al low	 the	 members	 of	 ISO/TC	 67	 to	 assess	 the	 material 	 and 	

d e c i d e  o n  t h e  s u i t a b i l i t y  o f t h e  m a t e ri a l  fo r i n c l u s i o n  i n t o  t h i s  d o c u m e n t ,  b y  a m e n d m e n t  o r re v i s i o n ,  

i n  a c c o rd a n c e  w i t h  t h e  AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6  s e ri e s  m a i n t e n a n c e  p ro c e s s  a s  d e s c ri b e d  

i n  t h e  i n t ro d u c t i o n .

B . 3  G e n e ra l  re q u i re m e n t s  fo r t e s t s

B . 3 . 1  Te s t  m e t h o d  d e s c ri p t i o n s

 T h e  t e s t  re q u i re m e n t s  a re  b a s e d  o n  N A C E  T M 0 1 7 7  a n d  E F C  P u b l i c a t i o n  1 7 .  T h e s e  p u b l i c a t i o n s  

s h a l l  b e  c o n s u l t e d  fo r d e t a i l s  o f t e s t  p ro c e d u re s .  W h e n  n e c e s s a ry,  s u p p l i e rs ,  p u rc h a s e rs ,  a n d  

e q u i p m e n t  u s e rs  m a y  a g re e  v a ri a t i o n s  t o  t h e s e  p ro c e d u re s .  S u c h  v a ri a t i o n s  s h a l l  b e  d o c u m e n t e d .

B . 3 . 2  M a t e ri a l s

 T h e  m a t e ri a l s  t e s t e d  s h a l l  b e  s e l e c t e d  i n  a c c o rd a n c e  w i t h  t h e  re q u i re m e n t s  fo u n d  i n  AN S I /N AC E  

M R 0 1 7 5 - 2 0 2 1 /I S O  1 5 1 5 6 - 1 : 2 0 2 0 ,  8 . 3 . 2 .

 I n  a d d i t i o n ,  c o n s i d e ra t i o n  s h a l l  b e  g i v e n  t o  t h e  fo l l o w i n g :

a )  t h e  c ra c k i n g  m e c h a n i s m  fo r w h i c h  t e s t i n g  i s  re q u i re d  ( s e e  Ta b l e  B . 1 ) ;
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b )  t h e  t e s t i n g  o f a p p ro p ri a t e l y  a g e d  s a m p l e s  o f a l l o y s  t h a t  c a n  a g e  i n  s e rv i c e ,  p a rt i c u l a rl y  H S C  

t e s t i n g  o f d o w n h o l e  m a t e ri a l s  t h a t  c a n  b e  s u b j e c t  t o  a g i n g  i n  s e rv i c e  ( “ w e l l  a g i n g ” ) ;

c )  t h e  d i re c t i o n a l  p ro p e rt i e s  o f a l l o y s  b e c a u s e  c o l d - w o rk e d  a l l o y s  m a y  b e  a n i s o t ro p i c  w i t h  

re s p e c t  t o  y i e l d  s t re n g t h  a n d  fo r s o m e  a l l o y s  a n d  p ro d u c t s ,  t h e  s u s c e p t i b i l i t y  t o  c ra c k i n g  

v a ri e s  w i t h  t h e  d i re c t i o n  o f t h e  a p p l i e d  t e n s i l e  s t re s s  a n d  c o n s e q u e n t  o ri e n t a t i o n  o f t h e  

c ra c k  p l a n e .

B . 3 . 3  Te s t  m e t h o d s  a n d  s p e c i m e n s

 P ri m a ry  t e s t  m e t h o d s  u s e  c o n s t a n t  l o a d ,  s u s t a i n e d  l o a d  ( p ro o f- ri n g ) ,  o r c o n s t a n t  t o t a l  s t ra i n  ( c o n -

s t a n t  d i s p l a c e m e n t )  l o a d i n g  o f s m o o t h  t e s t  s p e c i m e n s .

 U n i a x i a l  t e n s i l e  ( U T )  t e s t s ,  fo u r- p o i n t  b e n d  ( F P B )  t e s t s ,  a n d  C - ri n g  ( C R )  t e s t s  m a y  b e  p e rfo rm e d  

w i t h  t h e  a b o v e  l o a d i n g  a rra n g e m e n t s .

 G e n e ra l l y,  c o n s t a n t  l o a d  t e s t s  u s i n g  U T  s p e c i m e n s  a re  t h e  p re fe rre d  m e t h o d  o f t e s t i n g  h o m o g e -

n e o u s  m a t e ri a l s .

 Te s t  s p e c i m e n s  s h a l l  b e  s e l e c t e d  t o  s u i t  t h e  p ro d u c t  fo rm  b e i n g  t e s t e d  a n d  t h e  re q u i re d  d i re c t i o n  

o f t h e  a p p l i e d  s t re s s .  A m i n i m u m  o f t h re e  s p e c i m e n s  s h a l l  b e  t a k e n  fro m  e a c h  c o m p o n e n t  t e s t e d .

 U T  s p e c i m e n s  m a y  b e  t a k e n  fro m  w e l d e d  j o i n t s  i n  a c c o rd a n c e  w i t h  E F C  P u b l i c a t i o n  N u m b e r 1 7 ,  

Figure	 8.1 . 	 Other	 specimens	 taken	 from	 welded 	 joints	 may	 be	 tested 	 with 	 weld 	 profles	 as	 intended	

fo r s e rv i c e .

 W h e n  d o u b l e  ( b a c k - t o - b a c k )  F P B  s p e c i m e n s  a re  u s e d  ( i n  a c c o rd a n c e  w i t h  E F C  P u b l i c a t i o n  N u m -

ber	 1 7, 	 Figure	 8.2a, 	 or	 similar), 	 uncracked	 specimens	 shal l 	 be	 disqualifed 	 as	 inval id 	 if	 the	 oppos-

i n g  s p e c i m e n  c ra c k s .

 Al t e rn a t i v e  t e s t  m e t h o d s  o r s p e c i m e n s  m a y  b e  u s e d  w h e n  a p p ro p ri a t e .  T h e  b a s i s  a n d  u s e  o f s u c h  

t e s t s  s h a l l  b e  d o c u m e n t e d  a n d  a g re e d  w i t h  t h e  e q u i p m e n t  u s e r.

 E x a m p l e s  o f t e s t  m e t h o d s  t h a t  m a y  b e  c o n s i d e re d  a re  a s  fo l l o w s .

— F ra c t u re  m e c h a n i c s  t e s t s ,  e . g . ,  d o u b l e  c a n t i l e v e r b e a m  ( D C B )  t e s t s ,  m a y  b e  u s e d  i f c ra c k s  

a re  u n a ffe c t e d  b y  b ra n c h i n g  a n d  re m a i n  i n  t h e  re q u i re d  p l a n e .  T h i s  n o rm a l l y  l i m i t s  D C B  

t e s t s  t o  S S C  a n d  H S C  t e s t s .

— Te s t s  i n v o l v i n g  t h e  a p p l i c a t i o n  o f a  s l o w  s t ra i n  ra t e ,  e . g . ,  S S RT i n  a c c o rd a n c e  w i t h  

N A C E  T M 0 1 9 8 [ 2 3 ] ,  i n t e rru p t e d  S S RT  i n  a c c o rd a n c e  w i t h  I S O  7 5 3 9 - 7 [ 2 1 ]  o r R S RT  i n  a c c o r-

d a n c e  w i t h  t h e  m e t h o d  p u b l i s h e d  a s  N AC E  C O R R O S I O N /9 7  P a p e r 5 8 [ 2 2 ] .

 Te s t s  m a y  u t i l i z e  t e s t i n g  o f fu l l - s i z e  o r s i m u l a t e d  c o m p o n e n t s  w h e n  a p p ro p ri a t e .

B . 3 . 4  A p p l i e d  t e s t  s t re s s e s /l o a d s  fo r s m o o t h  s p e c i m e n s

 T h e  y i e l d  s t re n g t h s  o f C R As  u s e d  t o  d e ri v e  t e s t  s t re s s e s  s h a l l  b e  d e t e rm i n e d  a t  t h e  t e s t  t e m p e ra -

ture	 in 	 accordance	 with 	 the	 applicable	 manufacturing 	 specifcation. 	 In 	 the	 absence	 of	 an 	 appro-

priate	 defnition 	 of	 yield 	 strength 	 in 	 the	 manufacturing 	 specifcation, 	 the	 yield 	 strength 	 shal l 	 be	

t a k e n  t o  m e a n  t h e  0 . 2  %  p ro o f s t re s s  o f n o n - p ro p o rt i o n a l  e l o n g a t i o n  R
p 0 , 2

	 as	 defned	 in 	 ISO	 6892-1 	

d e t e rm i n e d  a t  t h e  t e s t  t e m p e ra t u re .

 Directional 	 properties	 shall 	 be	 considered	 when	 selecting	 test	 specimens	 and	 defning	 test	 stresses.

 F o r w e l d e d  s p e c i m e n s ,  t h e  p a re n t  m e t a l  y i e l d  s t re n g t h  s h a l l  n o rm a l l y  b e  u s e d  t o  d e t e rm i n e  t e s t  

s t re s s e s .  F o r d i s s i m i l a r j o i n t s ,  t h e  l o w e r p a re n t  m e t a l  y i e l d  s t re n g t h  s h a l l  n o rm a l l y  b e  u s e d .  W h e n  
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d e s i g n  s t re s s e s  a re  b a s e d  o n  t h e  y i e l d  s t re n g t h  o f a  w e l d  z o n e  t h a t  i s  l o w e r t h a n  t h e  y i e l d  s t re n g t h  

o f e i t h e r a d j o i n i n g  p a re n t  m e t a l s ,  t h e  y i e l d  s t re n g t h  o f t h e  w e l d  z o n e  m a y  b e  u s e d  t o  d e t e rm i n e  t e s t  

s t re s s e s .

 F o r c o n s t a n t - l o a d  t e s t s  a n d  s u s t a i n e d - l o a d  ( p ro o f- ri n g )  t e s t s ,  s p e c i m e n s  s h a l l  b e  l o a d e d  t o  9 0  %  

o f t h e  AY S  o f t h e  t e s t  m a t e ri a l  a t  t h e  t e s t  t e m p e ra t u re .

 For	 constant	 total 	 strain 	 (defection)	 tests, 	 specimens	 shal l 	 be	 loaded	 to	 1 00	 %	 of	 the	 AYS	 of	 the	

t e s t  m a t e ri a l  a t  t h e  t e s t  t e m p e ra t u re .

N O T E  Constant	 total 	 strain 	 (defection)	 tests	 might	 not	 be	 suitable	 for	 materials	 that	 can 	

re l a x  b y  c re e p  w h e n  u n d e r l o a d .

 Lower	 applied 	 stresses	 can 	 be	 appropriate	 for	 qual ifying	 materials	 for	 specifc	 applications. 	 The	

u s e  a n d  b a s i s  o f s u c h  t e s t s  s h a l l  b e  a g re e d  w i t h  t h e  p u rc h a s e r a n d  d o c u m e n t e d .

B . 3 . 5  S S C /S C C  t e s t  e n v i ro n m e n t s

B . 3 . 5 . 1  G e n e ra l

 T h e  fo l l o w i n g  e n v i ro n m e n t a l  t e s t  v a ri a b l e s  s h a l l  b e  c o n t ro l l e d  a n d  re c o rd e d :

— ρH
2

S ;

— ρC O
2

;

— t e m p e ra t u re ;

—	 test	 solution 	 pH, 	 the	 means	 of	 acidifcation, 	 and 	 pH	 control 	 (al l 	 pH 	 measure-

m e n t s  s h a l l  b e  re c o rd e d ) ;

— t e s t  s o l u t i o n  fo rm u l a t i o n  o r a n a l y s i s ;

— e l e m e n t a l  s u l fu r,  S 0 ,  a d d i t i o n s ;

— g a l v a n i c  c o u p l i n g  o f d i s s i m i l a r m e t a l s  ( t h e  a re a  ra t i o  a n d  c o u p l e d  a l l o y  t y p e  

s h a l l  b e  re c o rd e d ) .

 In 	 al l 	 cases, 	 the	 ρH
2

S ,  c h l o ri d e ,  a n d  S 0  c o n c e n t ra t i o n s  s h a l l  b e  a t  l e a s t  a s  s e v e re  a s  

t h o s e  o f t h e  i n t e n d e d  a p p l i c a t i o n .  T h e  m a x i m u m  p H  re a c h e d  d u ri n g  t e s t i n g  s h a l l  b e  

n o  g re a t e r t h a n  t h e  p H  o f t h e  i n t e n d e d  a p p l i c a t i o n .

 I t	 can 	 be	 necessary	 to	 use	 more	 than	 one	 test	 environment	 to	 achieve	 qual ifcation 	

fo r a  p a rt i c u l a r s e rv i c e .

 T h e  fo l l o w i n g  t e s t  e n v i ro n m e n t s  m a y  b e  u s e d  e i t h e r t o  s i m u l a t e  i n t e n d e d  s e rv i c e  

c o n d i t i o n s  o r t o  s i m u l a t e  a  n o m i n a t e d  c o n d i t i o n  w h e n  i n t e n d e d  a p p l i c a t i o n s  a re  i n -

suffciently	 defned.

 U s e  c a n  b e  m a d e  o f n o m i n a t e d  t e s t  c o n d i t i o n s  t o  p ro v i d e  i n fo rm a t i o n  o n  t h e  e n v i ro n -

mental 	 l imits	 within 	 which 	 a	 CRA	 or	 other	 al loy	 is	 resistant	 to	 cracking	 if	 no	 specifc	

a p p l i c a t i o n  i s  fo re s e e n .

 Table	 D.1 	 may	 be	 used 	 to	 defne	 the	 test	 environments	 for	 the	 standard 	 tests	 for	

SSC	 and 	 GHSC	 (identifed 	 as	 level 	 I I 	 and 	 level 	 I I I , 	 respectively). 	 For	 type	 1 	 envi-

ro n m e n t s  ( s e e  B . 3 . 5 . 2 ) ,  Ta b l e  D . 1  a l s o  p ro v i d e s  a  n u m b e r o f n o m i n a t e d  s e t s  o f 

c o n d i t i o n s  ( fo r t e m p e ra t u re ,  ρC O
2

,  ρH
2

S ,  a n d  c h l o ri d e  c o n c e n t ra t i o n )  t h a t  m a y  b e  

considered. 	 These	 are	 identifed 	 as	 levels	 IV, 	 V, 	 VI , 	 and 	 VI I .
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 Wh e n  u s i n g  n o m i n a te d  te s t co n d i ti o n s ,  a l l  o th e r re q u i re m e n ts  o f th i s  a n n e x s h a l l  b e  m e t.

N O T E  1  T h e  n o m i n a t e d  s e t s  o f c o n d i t i o n s  a re  n o t  i n t e n d e d  t o  l i m i t  t h e  fre e -

d o m  o f t h e  d o c u m e n t  u s e r t o  t e s t  u s i n g  o t h e r t e s t  c o n d i t i o n s  o f t h e i r 

c h o i c e .

 T h e  e q u i p m e n t  u s e r s h o u l d  b e  a w a re  t h a t  o x y g e n  c o n t a m i n a t i o n  o f t h e  s e rv i c e  e n v i -

ronment	 can	 infuence	 the	 cracking	 resistance	 of	 an 	 al loy	 and 	 should 	 be	 considered 	

w h e n  c h o o s i n g  t h e  t e s t  e n v i ro n m e n t .

N O T E  2  R e fe re n c e  [ 1 5 ]  g i v e s  i n fo rm a t i o n  o n  t h e  c h a rg i n g  o f a u t o c l a v e s .

B . 3 . 5 . 2  S e rv i c e  s i m u l a t i o n  a t  a c t u a l  H
2

S  a n d  C O
2

 p a rt i a l  p re s s u re s  — Ty p e  1  e n v i ro n m e n t s

 I n  t h e s e  t e s t  e n v i ro n m e n t s ,  t h e  s e rv i c e  ( i n  s i t u )  p H  i s  re p l i c a t e d  b y  c o n t ro l l i n g  t h e  

parameters	 that	 determine	 pH	 under	 feld 	 conditions. 	 Test	 environments	 shal l 	 be	

e s t a b l i s h e d  i n  a c c o rd a n c e  w i t h  t h e  fo l l o w i n g  re q u i re m e n t s :

a )  t e s t  l i m i t s :  t h e  p re s s u re  s h a l l  b e  a m b i e n t  o r g re a t e r;

b )  t e s t  s o l u t i o n :  s y n t h e t i c  p ro d u c e d  w a t e r t h a t  s i m u l a t e s  t h e  c h l o ri d e  a n d  b i c a r-

b o n a t e  c o n c e n t ra t i o n s  o f t h e  i n t e n d e d  s e rv i c e .  T h e  i n c l u s i o n  o f o t h e r i o n s  i s  

o p t i o n a l ;

c )  t e s t  g a s :  H
2

S  a n d  C O
2

 a t  t h e  s a m e  p a rt i a l  p re s s u re s  a s  t h e  i n t e n d e d  s e rv i c e ;

d )  p H  m e a s u re m e n t :  p H  i s  d e t e rm i n e d  b y  re p ro d u c t i o n  o f t h e  i n t e n d e d  s e rv i c e  

c o n d i t i o n s .  T h e  s o l u t i o n  p H  s h a l l  b e  d e t e rm i n e d  a t  a m b i e n t  t e m p e ra t u re  a n d  

p re s s u re  u n d e r t h e  t e s t  g a s  o r p u re  C O
2

 i m m e d i a t e l y  b e fo re  a n d  a ft e r t h e  

test. 	 This	 is	 to	 identify	 changes	 in 	 the	 solution 	 that	 infuence	 the	 test	 pH. 	 Any	

p H  c h a n g e  d e t e c t e d  a t  a m b i e n t  t e m p e ra t u re  a n d  p re s s u re  i s  i n d i c a t i v e  o f a  

c h a n g e  a t  t h e  t e s t  t e m p e ra t u re  a n d  p re s s u re .

B . 3 . 5 . 3  S e rv i c e  s i m u l a t i o n  a t  a m b i e n t  p re s s u re  w i t h  n a t u ra l  b u ffe ri n g  a g e n t  — 

 Ty p e  2  e n v i ro n m e n t s

 I n  t h e s e  t e s t  e n v i ro n m e n t s ,  t h e  s e rv i c e  ( i n  s i t u )  p H  i s  re p l i c a t e d  b y  a d j u s t i n g  t h e  

b u ffe r c a p a c i t y  o f t h e  t e s t  s o l u t i o n  u s i n g  a  n a t u ra l  b u ffe r t o  c o m p e n s a t e  fo r t h e  re -

d u c e d  p re s s u re  o f a c i d  g a s e s  i n  t h e  t e s t .  Te s t  e n v i ro n m e n t s  s h a l l  b e  e s t a b l i s h e d  i n  

a c c o rd a n c e  w i t h  t h e  fo l l o w i n g  re q u i re m e n t s :

a )  t e s t  l i m i t s :  t h e  p re s s u re  s h a l l  b e  a m b i e n t ,  t e m p e ra t u re  s h a l l  b e  m a x i m u m  

6 0  ° C  a n d  p H  s h a l l  b e  4 . 5  o r g re a t e r;

b )  t e s t  s o l u t i o n :  d i s t i l l e d  o r d e - i o n i z e d  w a t e r w i t h  s o d i u m  b i c a rb o n a t e  ( N a H C O
3

)  

a d d e d  t o  a c h i e v e  t h e  re q u i re d  p H .  C h l o ri d e  s h a l l  b e  a d d e d  a t  t h e  c o n c e n t ra -

tion 	 of	 the	 intended	 service. 	 If	 necessary, 	 a	 l iquid 	 refux	 shal l 	 be	 provided 	 to	

p re v e n t  l o s s  o f w a t e r fro m  t h e  s o l u t i o n ;

c )  t e s t  g a s :  H
2

S  a t  t h e  p a rt i a l  p re s s u re  o f t h e  i n t e n d e d  s e rv i c e  a n d  C O
2

 a s  t h e  

b a l a n c e  o f t h e  t e s t  g a s .  T h e  t e s t  g a s  s h a l l  b e  c o n t i n u o u s l y  b u b b l e d  t h ro u g h  

t h e  t e s t  s o l u t i o n ;

d )  p H  c o n t ro l :  t h e  s o l u t i o n  p H  s h a l l  b e  m e a s u re d  a t  t h e  s t a rt  o f t h e  t e s t ,  p e ri -

o d i c a l l y  d u ri n g  t h e  t e s t  a n d  a t  t h e  e n d  o f t h e  t e s t ,  a d j u s t i n g  a s  n e c e s s a ry  b y  

a d d i n g  H C l  o r N a O H .  T h e  v a ri a t i o n  o f t h e  t e s t  p H  s h a l l  n o t  e x c e e d  ± 0 . 2  p H  

u n i t s .
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B . 3 . 5 . 3  S e rv i c e  s i m u l a t i o n  a t  a m b i e n t  p re s s u re  w i t h  a c e t i c  b u ffe r — 

 Ty p e  3 a  a n d  Ty p e  3 b  e n v i ro n m e n t s

 I n  t h e s e  t e s t  e n v i ro n m e n t s ,  t h e  s e rv i c e  ( i n  s i t u )  p H  i s  re p l i c a t e d  b y  a d j u s t i n g  t h e  

buffer	 capacity	 of	 the	 test	 solution 	 using 	 an 	 artifcial 	 buffer	 and 	 adding	 HCl 	 to	 com-

p e n s a t e  fo r t h e  re d u c e d  p re s s u re  o f a c i d  g a s e s  i n  t h e  t e s t .  Te s t  e n v i ro n m e n t s  s h a l l  

b e  e s t a b l i s h e d  i n  a c c o rd a n c e  w i t h  t h e  fo l l o w i n g  re q u i re m e n t s :

a )  t e s t  l i m i t s :  t h e  p re s s u re  s h a l l  b e  a m b i e n t ,  t h e  t e m p e ra t u re  s h a l l  b e  

( 2 4  ±  3 )  ° C ;

b )  t e s t  s o l u t i o n :  o n e  o f t h e  fo l l o w i n g  t e s t  s o l u t i o n s  s h a l l  b e  u s e d :

1 )  fo r g e n e ra l  u s e  ( e n v i ro n m e n t  3 a ) ,  d i s t i l l e d  o r d e - i o n i z e d  w a -

t e r c o n t a i n i n g  4  g /l  s o d i u m  a c e t a t e  a n d  c h l o ri d e  a t  t h e  s a m e  

c o n c e n t ra t i o n  a s  t h e  i n t e n d e d  s e rv i c e ;

2 )  fo r s u p e r- m a rt e n s i t i c  s t a i n l e s s  s t e e l s  p ro n e  t o  c o rro s i o n  i n  

s o l u t i o n  fo r e n v i ro n m e n t  3 a  ( e n v i ro n m e n t  3 b ) ,  d e - i o n i z e d  

w a t e r c o n t a i n i n g  0 . 4  g /l  s o d i u m  a c e t a t e  a n d  c h l o ri d e  a t  t h e  

s a m e  c o n c e n t ra t i o n  a s  t h e  i n t e n d e d  s e rv i c e .

 H C l  s h a l l  b e  a d d e d  t o  b o t h  s o l u t i o n s  t o  a c h i e v e  t h e  re q u i re d  p H ;

c )  t e s t  g a s :  H
2

S  a t  t h e  p a rt i a l  p re s s u re  o f t h e  i n t e n d e d  s e rv i c e  a n d  C O
2

 a s  t h e  

b a l a n c e  o f t h e  t e s t  g a s .  T h e  t e s t  g a s  s h a l l  b e  c o n t i n u o u s l y  b u b b l e d  t h ro u g h  

t h e  t e s t  s o l u t i o n ;

d )  p H  c o n t ro l :  t h e  s o l u t i o n  p H  s h a l l  b e  m e a s u re d  a t  t h e  s t a rt  o f t h e  t e s t ,  

p e ri o d i c a l l y  d u ri n g  t h e  t e s t  a n d  a t  t h e  e n d  o f t h e  t e s t ,  a d j u s t i n g  a s  n e c -

e s s a ry  b y  a d d i n g  o f H C l  o r N a O H .  T h e  v a ri a t i o n  o f t h e  t e s t  p H  s h a l l  n o t  

e x c e e d  ± 0 . 2  p H  u n i t s .

B . 3 . 6  Te s t  d u ra t i o n

 C o n s t a n t - l o a d ,  s u s t a i n e d - l o a d ,  a n d  c o n s t a n t - t o t a l - s t ra i n  t e s t s  s h a l l  h a v e  a  m i n i m u m  d u ra t i o n  o f 

7 2 0  h .  Te s t s  s h a l l  n o t  b e  i n t e rru p t e d .

B . 3 . 7  A c c e p t a n c e  c ri t e ri a  a n d  t e s t  re p o rt

 S p e c i m e n s  e x p o s e d  i n  c o n s t a n t - l o a d ,  s u s t a i n e d - l o a d ,  a n d  c o n s t a n t - t o t a l - s t ra i n  t e s t s  s h a l l  b e  a s -

s e s s e d  i n  a c c o rd a n c e  w i t h  N AC E  T M 0 1 7 7 : 2 0 1 6 ,  t e s t  m e t h o d s  A,  a n d  C .  N o  c ra c k s  a re  p e rm i s s i -

b l e .

 S p e c i m e n s  e x p o s e d  i n  fra c t u re  m e c h a n i c s  a n d  s l o w  s t ra i n  ra t e  t e s t s  s h a l l  b e  a s s e s s e d  a s  re q u i re d  

b y  t h e  t e s t  m e t h o d .  F ra c t u re  t o u g h n e s s  v a l u e s  s h a l l  o n l y  b e  v a l i d  fo r s u b s t a n t i a l l y  u n b ra n c h e d  

cracks. 	 Acceptance	 criteria	 for	 fracture	 toughness	 tests	 shal l 	 be	 specifed 	 by	 the	 equipment	 user.

 I n  a l l  c a s e s ,  a n y  i n d i c a t i o n  o f c o rro s i o n  c a u s i n g  m e t a l  l o s s  i n c l u d i n g  p i t t i n g  o r c re v i c e  c o rro s i o n  

s h a l l  b e  re p o rt e d .

N O T E  T h e  o c c u rre n c e  o f p i t t i n g  o r c re v i c e  c o rro s i o n  o u t s i d e  t h e  s t re s s e d  s e c t i o n  o f a  s p e c -

i m e n  c a n  s u p p re s s  S C C  o f t h e  s p e c i m e n .

 A w ri t t e n  t e s t  re p o rt  c o n fo rm i n g  t o  t h e  re q u i re m e n t s  i n  AN S I /N AC E  M R 0 1 7 5 - 2 0 2 1 /I S O  1 5 1 5 6 -

1 : 2 0 2 0 ,  C l a u s e  9 ,  s h a l l  b e  c o m p l e t e d  a n d  re t a i n e d .
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B . 3 . 8  Va l i d i t y  o f t e s t s

 S a t i s fa c t o ry  t e s t  re s u l t s  q u a l i fy  m a t e ri a l s  fo r e n v i ro n m e n t a l  c o n d i t i o n s  t h a t  a re  l e s s  s e v e re  t h a n  t h e  

t e s t  e n v i ro n m e n t .  U s e rs  s h a l l  d e t e rm i n e  t h e  v a l i d i t y  o f t e s t s  fo r i n d i v i d u a l  a p p l i c a t i o n s .  E n v i ro n -

m e n t a l  s e v e ri t y  i s  d e c re a s e d  b y  t h e  fo l l o w i n g  a t  a n y  g i v e n  t e m p e ra t u re :

— a  l o w e r ρH
2

S ;

— a  l o w e r c h l o ri d e  c o n c e n t ra t i o n ;

— a  h i g h e r p H ;

— t h e  a b s e n c e  o f S 0 .

B . 4  S S C  t e s t i n g

 Te s t s  s h a l l  b e  p e rfo rm e d  i n  a c c o rd a n c e  w i t h  t h e  g e n e ra l  re q u i re m e n t s  fo r t e s t s  g i v e n  i n  B . 3 .

 Te s t s  s h a l l  n o rm a l l y  b e  p e rfo rm e d  a t  ( 2 4  ±  3 )  ° C  [ ( 7 5  ±  5 )  ° F ]  i n  a c c o rd a n c e  w i t h  N AC E  T M 0 1 7 7  a n d /o r 

E F C  P u b l i c a t i o n  1 7 .

 T h e  t e s t  t e m p e ra t u re  m a y  b e  a t  t h e  l o w e s t  s e rv i c e  t e m p e ra t u re  i f t h i s  i s  a b o v e  2 4  ° C  ( 7 5  ° F ) .  T h e  u s e  o f a  t e s t  

temperature	 above	 24	 °C	 shal l 	 be	 justifed 	 in 	 the	 test	 report.

B . 5  S C C  t e s t i n g  w i t h o u t  S 0

 Te s t s  s h a l l  b e  p e rfo rm e d  i n  a c c o rd a n c e  w i t h  t h e  g e n e ra l  re q u i re m e n t s  o f B . 3 .

 S C C  t e s t i n g  p ro c e d u re s  s h a l l  b e  b a s e d  o n  N AC E  T M 0 1 7 7  a n d /o r E F C  P u b l i c a t i o n  1 7  s u b j e c t  t o  t h e  fo l l o w i n g  

additional 	 requirements, 	 options, 	 and 	 clarifcations:

a )  t h e  t e s t  t e m p e ra t u re  s h a l l  n o t  b e  l e s s  t h a n  t h e  m a x i m u m  i n t e n d e d  s e rv i c e  t e m p e ra t u re .  T h i s  c a n  re q u i re  

t h e  u s e  o f a  p re s s u ri z e d  t e s t  c e l l ;

b )  w a t e r v a p o r p re s s u re  s h a l l  b e  a l l o w e d  fo r i n  d e t e rm i n i n g  g a s - p h a s e  p a rt i a l  p re s s u re s ;

c )  a c e t i c  a c i d  a n d  a c e t a t e s  s h a l l  n o t  b e  u s e d  fo r p H  c o n t ro l .  T h e  s o l u t i o n  p H  s h a l l  b e  c o n t ro l l e d  a s  d e -

s c ri b e d  i n  B . 3 . 5 . 2 ;

d )  d u ri n g  i n i t i a l  e x p o s u re  o f s p e c i m e n s  t o  t h e  t e s t  e n v i ro n m e n t ,  t h e  a p p l i e d  l o a d  a n d  t h e  e n v i ro n m e n t a l  

c o n d i t i o n s  s h a l l  b e  c o n t ro l l e d  s o  t h a t  a l l  t e s t  c o n d i t i o n s  a re  a l re a d y  e s t a b l i s h e d  w h e n  t h e  t e s t  t e m p e ra -

ture	 is	 frst	 attained;

e)	 for	 constant-total-strain 	 tests, 	 appl ied 	 stresses	 shal l 	 be	 verifed 	 by	 measurement;

 N O T E 	 I t	 is	 good 	 practice	 to	 verify	 the	 defection 	 calculations	 in 	 many	 CRA	 material 	 specifcations.

f)  l o a d i n g  p ro c e d u re s  u s e d  fo r c o n s t a n t - t o t a l - s t ra i n  t e s t s  s h a l l  b e  s h o w n  t o  a c h i e v e  a  s t a b l e  s t re s s  b e fo re  

s p e c i m e n s  a re  e x p o s e d  t o  t h e  t e s t  e n v i ro n m e n t .

B . 6  S S C /S C C  t e s t i n g  a t  i n t e rm e d i a t e  t e m p e ra t u re s

 Te s t i n g  a t  i n t e rm e d i a t e  t e m p e ra t u re s ,  i . e . ,  b e t w e e n  ( 2 4  ±  3 )  ° C  [ ( 7 5  ±  5 )  ° F ]  a n d  t h e  m a x i m u m  i n t e n d e d  s e rv i c e  

temperature, 	 shal l 	 meet	 the	 requirements	 of	 the	 equipment	 user. 	 Testing 	 shal l 	 be	 performed	 at	 the	 specifed 	

t e m p e ra t u re  i n  a c c o rd a n c e  w i t h  t h e  a b o v e  re q u i re m e n t s  fo r S C C  t e s t i n g .

 For	 qual ifcation 	 for	 inclusion 	 by	 amendment	 in 	 A. 7 ,  d u p l e x  s t a i n l e s s  s t e e l s  s h a l l  b e  t e s t e d  a t  ( 2 4  ±  3 )  ° C  
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[ ( 7 5  ±  5 )  ° F ] ,  ( 9 0  ±  3 )  ° C  [ ( 1 9 4  ±  5 )  ° F ] ,  a n d  a t  t h e  m a x i m u m  i n t e n d e d  s e rv i c e  t e m p e ra t u re  o f t h e  a l l o y.

B . 7  S C C  t e s t i n g  i n  t h e  p re s e n c e  o f S 0

 Te s t s  s h a l l  b e  p e rfo rm e d  i n  a c c o rd a n c e  w i t h  t h e  p re v i o u s  re q u i re m e n t s  fo r S C C  t e s t s  w i t h  t h e  a d d i t i o n  t h a t  t h e  

p ro c e d u re  p u b l i s h e d  i n  N AC E  C O R R O S I O N /9 5  P a p e r 4 7  s h a l l  b e  i m p l e m e n t e d  fo r c o n t ro l  o f S 0  a d d i t i o n s .  T h e  

i n t e g ra t i o n  o f t h i s  p ro c e d u re  i n t o  C R A t e s t  m e t h o d s  i s  a d d re s s e d  i n  E F C  P u b l i c a t i o n  1 7 .

B . 8  G H S C  t e s t i n g  w i t h  c a rb o n  s t e e l  c o u p l e

 G H S C  t e s t s  s h a l l  b e  p e rfo rm e d  i n  a c c o rd a n c e  w i t h  t h e  p re v i o u s l y  s t a t e d  re q u i re m e n t s  fo r S S C  t e s t i n g ,  s u b j e c t  

to	 the	 following	 additional 	 requirements, 	 options, 	 and 	 clarifcations:

a )  t h e  C R A s p e c i m e n  s h a l l  b e  e l e c t ri c a l l y  c o u p l e d  t o  u n a l l o y e d  ( i . e . ,  c a rb o n )  s t e e l  t h a t  i s  fu l l y  i m m e rs e d  

i n  t h e  t e s t  s o l u t i o n .  T h e  ra t i o  o f t h e  a re a  o f t h e  u n a l l o y e d  s t e e l  t o  t h e  w e t t e d  a re a  o f t h e  C R A s p e c i m e n  

shall 	 be	 between	 0.5	 and 	 1 	 as	 required 	 by	 NACE	 TM01 77. 	 Loading	 fxtures	 shal l 	 be	 electrical ly	 isolated 	

from	 the	 specimen	 and 	 the	 coupled 	 steel. 	 For	 appl ication-specifc	 qual ifcations, 	 the	 CRA	 may	 be	 cou-

p l e d  t o  a  s a m p l e  o f t h e  l o w e r a l l o y e d  m a t e ri a l  t o  w h i c h  i t  w i l l  b e  c o u p l e d  i n  s e rv i c e .

b )  t h e  t e s t  e n v i ro n m e n t  s h a l l  b e  N AC E  T M 0 1 7 7 ,  S o l u t i o n  A u n d e r H
2

S  a t  a  p re s s u re  o f 1 0 0  k P a  a n d  a t  a  

temperature	 of	 (24	 ±	 3)	 °C	 [(75	 ±	 5)	 °F]. 	 For	 appl ication-specifc	 qual ifcations, 	 SSC	 test	 environments	

d e s c ri b e d  i n  B . 3 . 5  m a y  b e  u s e d .
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A n n e x  C  ( i n fo rm a t i v e )  

 

I n fo rm a t i o n  t h a t  s h o u l d  b e  s u p p l i e d  fo r m a t e ri a l  p u rc h a s i n g

AN S I /N AC E  M R 0 1 7 5 /I S O  1 5 1 5 6 - 1  i n d i c a t e s  t h a t  c o o p e ra t i o n  a n d  e x c h a n g e  o f i n fo rm a t i o n  c a n  b e  n e c e s s a ry  b e t w e e n  

t h e  v a ri o u s  u s e rs  o f t h i s  d o c u m e n t ,  e . g . ,  e q u i p m e n t  u s e rs ,  p u rc h a s e rs  a n d  m a n u fa c t u re rs  o f e q u i p m e n t ,  p u rc h a s e rs  o f 

m a t e ri a l s ,  a n d  m a n u fa c t u re rs  a n d  s u p p l i e rs  o f m a t e ri a l s .  T h e  fo l l o w i n g  t a b l e s  c a n  b e  u s e d  t o  a s s i s t  t h i s  c o o p e ra t i o n .

T h e  m a t e ri a l s  p u rc h a s e r s h o u l d  i n d i c a t e  t h e  re q u i re d  o p t i o n s  i n  Ta b l e  C . 1  a n d  Ta b l e  C . 2 .

Ta b l e  C . 1  a n d  Ta b l e  C . 2  a l s o  s u g g e s t  d e s i g n a t i o n s  t h a t  m a y  b e  i n c l u d e d  i n  m a rk i n g s  o f m a t e ri a l s  t o  s h o w  c o n fo rm a n c e  

o f i n d i v i d u a l  C R As  o r o t h e r a l l o y s  w i t h  t h i s  d o c u m e n t .

T h e  p u rc h a s e  o rd e r d e t a i l s  s h o u l d  fo rm  p a rt  o f a  m a t e ri a l ’ s  d o c u m e n t a t i o n  t o  e n s u re  i t s  t ra c e a b i l i t y.  W h e re  s e l e c t i o n  o f 

m a t e ri a l s  i s  b a s e d  u p o n  l a b o ra t o ry  t e s t i n g  i n  a c c o rd a n c e  w i t h  An n e x  B ,  t ra c e a b i l i t y  d o c u m e n t a t i o n  s h o u l d  a l s o  i n c l u d e  

t h e  d e t a i l s  o f t h e  c o n d i t i o n s  d e ri v e d  fro m  Ta b l e  C . 2  t h a t  w e re  a p p l i e d  d u ri n g  t e s t i n g .

Ta b l e  C . 1  — I n fo rm a t i o n  fo r m a t e ri a l  p u rc h a s e  a n d  m a rk i n g

M a t e ri a l s  s e l e c t i o n  

o p t i o n s  a n d  o t h e r 

i n fo rm a t i o n

M a t e ri a l s  

p u rc h a s e r ’ s  

re q u i re m e n t s

R e fe re n c e  

i n  t h i s  d o c u m e n t
R e m a rk s

S o u r s e rv i c e  

d e s i g n a t i o n  fo r 

m a rk i n g e

P re fe rre d  C R A o r o t h e r a l l o y  

a n d  c o n d i t i o n a
b — — —

E q u i p m e n t  t y p e c — — —

M e t h o d  

o f s e l e c t i o n / 

qualifcation

C R A o r 

o t h e r a l l o y  

s e l e c t e d  

fro m  

An n e x  A ?

O p t i o n  Ad 6 . 1

S e rv i c e  e x p o s u re  

c o n d i t i o n s  a s  s h o w n  

i n  Ta b l e  C . 2  

( o p t i o n a l )

A . n n e

C R A o r 

o th e r a l l o y  

qual ifed 	 in  

a c c o rd a n c e  

w i t h  

An n e x  B ?

O p t i o n  B d 6 . 1 ,  A n n e x  B S e e  a l s o  Ta b l e  C . 2 B ,  B 1 ,  B 2 ,  e t c . e

E i t h e r o f 

t h e  a b o v e  

m e t h o d s  o f 

s e l e c t i o n /  

qual ifcation

O p t i o n  C d S e e  o p t i o n  A 

a n d  o p t i o n  B

S e e  o p t i o n  A 

a n d  o p t i o n  B

S e e  o p t i o n  A 

a n d  o p t i o n  B

a 	 For	 use	 when	 a	 purchaser	 requires	 a	 known	 material 	 that	 is	 either	 l isted 	 in 	 Annex	 A	 or	 qualifed 	 in 	 accordance	 with 	 Annex	 B. 	

The	 purchaser	 should 	 indicate	 the	 method 	 of	 qualifcation 	 below.

b  U s e r m a y  i n s e rt  m a t e ri a l  t y p e  a n d  c o n d i t i o n .

c  U s e r m a y  i n s e rt  e q u i p m e n t  t y p e  fo r w h i c h  m a t e ri a l  i s  re q u i re d .

d  I n d i c a t e  w h i c h  o p t i o n  i s  re q u i re d .

e  A s u g g e s t e d  s c h e m e  fo r d e s i g n a t i o n  o f l i s t e d  C R A s  t o  b e  i n c l u d e d  i n  m a rk i n g s  o f m a t e ri a l s  i s  fo r m a n u fa c t u re rs /s u p p l i e rs  

t o  i n d i c a t e  c o n fo rm a n c e  o f i n d i v i d u a l  C R A s  o r o t h e r a l l o y s  b y  re fe re n c e  t o  t h e  m a t e ri a l s  g ro u p  c l a u s e  n u m b e r,  e . g . ,  A . 2 .  F o r 

materials	 qualifed 	 to	 Annex	 B, 	 the	 suggested 	 designations	 are	 B, 	 B1 , 	 B2, 	 B3	 (see	 Table	 C.2).
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P a rt  3 - 7 0

Ta b l e  C . 2  — A d d i t i o n a l  i n fo rm a t i o n  fo r S S C ,  S C C ,  a n d  G H S C  t e s t i n g  a n d  s u g g e s t e d  m a rk i n g

Cracking	 qualifcation 	 test

M a t e ri a l s  

p u rc h a s e r ’ s  

re q u i re m e n t s  fo r 

c ra c k i n g  

re s i s t a n c e  a n d  

s e rv i c e  e x p o s u re

R e fe re n c e  

i n  t h i s  d o c u m e n t
R e m a rk s

S o u r s e rv i c e  

d e s i g n a t i o n  

fo r m a rk i n g b

R e s i s t a n c e  t o  S S C O p t i o n  1 a , c B . 4 — B 1

R e s i s t a n c e  t o  S C C O p t i o n  2 a , c B . 5  t o  B . 7 — B 2

R e s i s t a n c e  t o  G H S C O p t i o n  3 a , c B . 8 — B 3

R e s i s t a n c e  t o  S S C ,  S C C ,  

a n d  G H S C
O p t i o n  4 a , c B . 4  t o  B . 8 — B

D e s c ri p t i o n  

o f s e rv i c e  

c o n d i t i o n s  

d o c u m e n t e d  

i n  a c c o rd a n c e  w i t h  

I S O  A N S I / N A C E  

M R 0 1 7 5 /1 5 1 5 6  1

C O
2  

p re s s u re ,  

k P a
—

B . 3

—

—

H
2

S  p re s s u re ,  

k P a
— —

Te m p e ra t u re ,  ° C — —

I n  s i t u  p H — —

C l−  o r o t h e r 

h a l i d e ,  m g / l
— —

S 0 P re s e n t  o r a b s e n t a —

L a b o ra t o ry  t e s t  re q u i re m e n t s —

B . 3

—

—
N o n - s t a n d a rd  t e s t  s t re s s ,  

%  AY S
— —

S p e c i m e n  t y p e — —

a  I n d i c a t e  w h i c h  o p t i o n ( s )  i s  ( a re )  re q u i re d .

b 	 For	 materials	 qualifed 	 to	 An n e x  B ,  t h e  s u g g e s t e d  d e s i g n a t i o n s  fo r m a rk i n g  a re  B ,  B 1 ,  B 2 ,  a n d  B 3  w h e re  B 1  i s  S S C ,  B 2  i s  

S C C ,  B 3  i s  G H S C ,  a n d  B  i n d i c a t e s  t h a t  t h e  m a t e ri a l  h a s  b e e n  s h o w n  t o  b e  re s i s t a n t  t o  a l l  t h re e  c ra c k i n g  m e c h a n i s m s .

c  Te s t  c o n d i t i o n s  t o  b e  a p p ro p ri a t e  t o  t h e  s e rv i c e  c o n d i t i o n s  s h o w n  i n  t h i s  t a b l e  ( s e e  a l s o  B . 2  a n d  B . 3 ) .
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A n n e x  D  ( i n fo rm a t i v e )  

 

N o m i n a t e d  s e t s  o f t e s t  c o n d i t i o n s

T h e  n o m i n a t e d  s e t s  o f t e s t  c o n d i t i o n s  s h o w n  i n  Ta b l e  D . 1  c a n  b e  u s e d  t o  h e l p  d e t e rm i n e  a c c e p t a b l e  l i m i t s  fo r t h e  a p -

p l i c a t i o n  o f C R As  a n d  o t h e r a l l o y s .

T h e  “ l e v e l s ”  s h o w n  i n  t h e  t a b l e  w e re  p re v i o u s l y  e s t a b l i s h e d  i n  N AC E  M R 0 1 7 5 .  T h e s e  a re  re t a i n e d  t o  p ro v i d e  c o n t i n u i t y  

o f t e rm i n o l o g y  w i t h  t h a t  o f t h e  d a t a  s e t  o n  w h i c h  m a n y  o f t h e  e n v i ro n m e n t a l  l i m i t s  fo r m a t e ri a l s  t y p e s  a n d  i n d i v i d u a l  

a l l o y s  s h o w n  i n  t h e  t a b l e s  o f An n e x  A a re  b a s e d .

Ta b l e  D . 1  — Te s t  c o n d i t i o n s

E n v i ro n m e n t a l  

fa c t o r

Specifc	 test	 conditions

L e v e l  I L e v e l  I I L e v e l  I I I L e v e l  I V L e v e l  V L e v e l  V I L e v e l  V I I

Te m p e ra t u re  

° C  ( ° F )

2 5  ±  3  

( 7 7  ±  5 )

Te s t  i n  

a c c o rd a n c e  

w i t h  

B . 4

Te s t  i n  

a c c o rd a n c e  

w i t h  

B . 4  a n d  B . 8

9 0  ±  5  

( 1 9 4  ±  9 )

1 5 0  ±  5  

( 3 0 2  ±  9 )

1 7 5  ±  5  

( 3 4 7  ±  9 )

2 0 5  ±  5  

( 4 0 1  ±  9 )

ρC O
2

 

M P a  ( p s i )

Te s t  

c o n d i t i o n s  

defned	 and  

d o c u m e n t e d  

 b y  t h e  u s e r

0 . 7  ( 1 0 0 ) 1 . 4  ( 2 0 0 ) 3 . 5  ( 5 0 0 ) 3 . 5  ( 5 0 0 )

ρH
2

S  

M P a  ( p s i )

0 . 0 0 3  

( 0 . 4 )
0 . 7  ( 1 0 0 ) 3 . 5  ( 5 0 0 ) 3 . 5  ( 5 0 0 )

N a C l  m i n i m u m  

p e rc e n t a g e  

m a s s  fra c t i o n

1 5 1 5 2 0 2 5

C a l c u l a t e d  C l −a  

m i l l i g ra m s  

p e r l i t e r

1 0 1  0 0 0 1 0 1  0 0 0 1 3 9  0 0 0 1 8 0  0 0 0

p H S e e  B . 3 . 5 . 1  a n d  B . 3 . 5 . 2

S 0 O p t i o n a l  ( s e e  B . 7 )

G a l v a n i c  

c o u p l i n g  t o  

s t e e l

O p ti o n a l ;  s e e  C l a u s e  B . 8

O t h e r S e e  B . 3 . 5 . 1

a    T h e  e q u i v a l e n t  m g /l  c o n c e n t ra t i o n  fo r a m b i e n t  t e m p e ra t u re  u s e d  i n  Ta b l e s  A . 1  t o  A . 4 2  w a s  c a l c u l a t e d  fro m  t h e  c o rre s p o n d i n g  

p e rc e n t a g e  m a s s  fra c t i o n  v a l u e [ 1 8 ] .
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B i b l i o g ra p h y

[ 1 ]  AS M E 5  B P V C  S e c t i o n  I X ,  We ldin g,  B ra zin g,  a n d Fusin g Q u a lifca tio n s

[ 2 ]  I S O  1 5 6 1 4 - 7 ,  Sp e cifca tio n  a n d q ua lifca tio n  of we ldin g p ro ce dure s fo r m e ta llic m a te ria ls — We ldin g p ro ce dure  

te st — Pa rt 7:  O ve rla y we ldin g

[ 3 ]  I S O  1 3 6 8 0 ,  Pe tro le um  a n d n a tura l ga s in dustrie s — Co rro sio n -re sista n t a llo y se a m le ss tub e s fo r use  a s ca sin g,  

tub in g a n d co up lin g sto ck — Te ch n ica l de live ry co n ditio n s

[ 4 ]  I S O  1 5 5 1 0 ,  Sta in le ss ste e ls — Ch e m ica l co m p o sitio n

[ 5 ]  AS T M  A1 8 2 /A1 8 2 M ,  Sta n da rd Sp e cifca tio n  fo r Fo rge d o r Ro lle d a llo y a n d ste e l p ip e  fa n ge s,  fo rge d fttin gs,  a n d 

va lve s a n d p a rts fo r h igh -te m p e ra ture  se rvice

[ 6 ]  AS T M  A2 1 3 /A2 1 3 M ,  Sta n da rd sp e cifca tio n  fo r se a m le ss fe rritic a n d a uste n itic a llo y-ste e l b o ile r,  sup e rh e a te r,  a n d 

h e a t-e xch a n ge r tub e s

[ 7 ]  AS T M  A2 7 6 ,  Sta n da rd S p e cifca tio n  fo r Sta in le ss Ste e l B a rs a n d Sh a p e s

[ 8 ]  AS T M  A3 5 1 /A3 5 1 M ,  Sta n da rd Sp e cifca tio n  fo r Ca stin gs,  A uste n itic,  fo r Pre ssure -Co n ta in in g Pa rts

[ 9 ]  AS T M  A7 4 3 /A7 4 3 M ,  Sta n da rd Sp e cifca tio n  fo r Ca stin gs,  Iro n -Ch ro m ium ,  Iro n -Ch ro m ium -Nicke l,  Co rro sio n  Re -

sista n t,  fo r G e n e ra l A p p lica tio n

[ 1 0 ]  AS T M  A7 4 4 / A7 4 4 M ,  Sta n da rd Sp e cifca tio n  fo r Ca stin gs,  Iro n -Ch ro m ium -Nicke l,  Co rro sio n  Re sista n t,  fo r Se ve re  

S e rvice

[ 1 1 ]  B o n i s ,  M .  a n d  C ro l e t ,  J - L .  H o w  t o  p re s s u ri z e  a u t o c l a v e s  fo r c o rro s i o n  t e s t i n g  u n d e r C O
2

 a n d  H
2

S  p re s s u re ,  Co r-

ro sio n ,  5 6 ,  2 0 0 0 ,  N o .  2 ,  p p .  1 6 7 - 1 8 2

[ 1 2 ]  B S  H R . 3 6, 	 Specifcation 	 for	 nickel-cobalt-chromium-molybdenum-aluminium-titanium	 heat-resisting 	 al loy	 bi l lets, 	

b a rs ,  fo rg i n g s  a n d  p a rt s  ( n i c k e l  b a s e ,  C o  2 0 ,  C r 1 4 . 8 ,  M o  5 ,  Al  4 . 7 ,  Ti  1 . 2 )  

[ 1 3 ]  E F C  P u b l i c a t i o n  1 6 ,  G uide lin e s o n  m a te ria ls re q uire m e n ts fo r ca rb o n  a n d lo w a llo y ste e ls fo r H
2

S-co n ta in in g e n -

viro n m e n ts in  o il a n d ga s p ro ductio n

[ 1 4 ]  N AC E  M R 0 1 7 5 ,  Sulfde  Stre ss Cra ckin g Re sista n t Me ta llic Ma te ria ls fo r O ilfe ld Eq uip m e n t

[ 1 5 ]  N AC E  M R 0 1 7 6 ,  Me ta llic Ma te ria ls fo r Sucke r-Ro d Pum p s fo r Co rro sive  O ilfe ld En viro n m e n ts

[ 1 6 ]  N AC E  T M 0 2 8 4 ,  Eva lua tio n  of Pip e lin e  a n d Pre ssure  Ve sse l Ste e ls fo r Re sista n ce  to  Hydro ge n  In duce d Cra ckin g

[ 1 7 ]  A SM Ma te ria ls En gin e e rin g D ictio n a ry

[ 1 8 ]  AS T M  E 1 8 ,  Sta n da rd Te st Me th o d fo r Ro ckwe ll Ha rdn e ss a n d Ro ckwe ll Sup e rfcia l Ha rdn e ss of Me ta llic Ma te ria ls

[ 1 9 ]  AS T M  E 3 8 4 ,  Sta n da rd Te st Me th o d fo r Kn o o p  a n d Vicke rs Ha rdn e ss o f Ma te ria ls

[ 2 0 ]  C R C  H a n d b o o k  o f C h e m i s t ry  a n d  P h y s i c s 7

[ 2 1 ]  I S O  7 5 3 9 - 7 ,  Co rro sio n  o f m e ta ls a n d a llo ys — Stre ss co rro sio n  te stin g — Pa rt 7:  Me th o d fo r slo w stra in  ra te  te stin g

[ 2 2 ]  N AC E  C O R R O S I O N /9 7  P a p e r 5 8 ,  Rip p le d stra in  ra te  te st fo r CRA  so ur se rvice  m a te ria ls se le ctio n

[ 2 3 ]  N AC E  T M 0 1 9 8 ,  Slo w Stra in  Ra te  Te st Me th o d fo r Scre e n in g Co rro sio n  Re sista n t A llo ys (CRA s)  fo r Stre ss Co rro -

sio n  Cra ckin g in  So ur O ilfe ld Se rvice

[ 2 4 ]  t h e  I S O  1 5 1 5 6  s e ri e s  m a i n t e n a n c e  w e b s i t e ,  h t t p : //w w w. i s o . o rg /i s o 1 5 1 5 6 m a i n t e n a n c e

5   AS M E ,  Two  P a r k  Ave . ,  N e w  Yo r k ,  N Y  1 0 0 1 6 - 5 9 9 0 ,  w w w. a s m e . o rg .
6   B r i t i s h  S t a n d a rd s  I n s t i t u t i o n  ( B S I ) ,  3 8 9  C h i s w i c k  H i g h  R d . ,  L o n d o n  W 4  4 A L ,  U K ,  w w w. b s i g ro u p . c o m .
7  Ava i l a b l e  fro m  C R C  o n l i n e .


