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Me ta l lo s s  d e p th  to le ra n c e s  h e a vily in flu e n c e  in te g rity 
m a n a g e m e n t p ro g ra m s  -  p a rtic u la rly wh e n  u s in g  
p ro b a b ilis tic  te c h n iq u e s  a n d  a s s e s s in g  fu tu re  in te g rity

Co n s e rva tive  to le ra n c e s  le a d  to  u n n e e d e d  o r 
p re m a tu re  d ig s

In d u s try s p e c ific a tio n s  a re  n o t id e a l to  re p re s e n t th e  
tru e  in flu e n c e s  o n  s izin g  to le ra n c e s  

Mu lti- ye a r p a rtn e rs h ip  b e twe e n  Ba ke r Hu g h e s  
a n d  ke y c u s to m e r to  d e ve lo p  a  m e a n s  to  re d u c e  
to le ra n c e  c o n s e rva tis m  in  MFL s p e c ific a tio n s

In tro d u c tio n
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Th e  o ld  wa y

Ap p ro a c h
• Ma n u fa c tu re d  c a lib ra tio n  

jo in ts  o f va rio u s  wa ll th ic kn e s s e s  
p u ll te s te d  a t m u ltip le  s p e e d s

• Re g re s s io n  o r m a c h in e d  le a rn e d  
m o d e ls   

Sta t is t ic s
• Typ ic a lly 10 0 s  o f d e fe c ts

• Mu ltip le  p u lls  to  a c q u ire  la rg e r 
p o p u la tio n  a n d  s p e e d  in flu e n c e

Pe rfo rm a n c e
• Es ta b lis h e d  re lia b le  p e rfo rm a n c e  

with in  d e fin e d  c o n fid e n c e  le ve ls

• Wid e r to le ra n c e s

Lim ita t io n s  
• Sm a ll s a m p le  s e ts

• Hig h ly in flu e n c e d  b y "m o rp h o lo g y"  a n d  
s h a p e

• Pe rfo rm a n c e  o n  in te ra c tin g
c o rro s io n   is  le s s  p re d ic ta b le

Ap p ro a c h
• Ma n u fa c tu re d  c a lib ra tio n  

jo in ts  o f va rio u s  wa ll th ic kn e s s e s  
p u ll te s te d  a t m u ltip le  s p e e d s

• Tra in in g  o n  va s t lib ra ry o f c o rre la te d  
la s e r s c a n n e d / AUT fie ld  d a ta

• Ma c h in e d  le a rn e d  m o d e ls  

Sta t is t ic s
• 10 ,0 0 0 s  o f d e fe c ts  u n d e r re a l o p e ra tin g  

c o n d itio n s  to  d e ve lo p  m o d e ls

• Pu ll d a ta  e n s u re s  b o u n d in g  o f m o d e ls

Pe rfo rm a n c e
• Hig h ly ro b u s t to  "re a l wo rld " 

d e fe c t s h a p e  wh e n  c o rro s io n  
is  n o n -  in te ra c tin g

• Tig h te r to le ra n c e s

Lim ita t io n s
• Hig h ly s kille d  p ro c e s s  (o ve r tra in in g )

• Pe rfo rm a n c e  o n  in te ra c tin g  c o rro s io n  
im p ro ve d  b u t re m a in s  c h a lle n g in g
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Ba ke r Hu g h e s  e vo lu tio n  o f MFL s izin g  a lg o rith m s

Th e  n e w wa y
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Big  Da ta  Lib ra ry
• Exc a va te d  fe a tu re  d a ta  is  th e  b e s t tru th  d a ta  a va ila b le  fo r tra in in g  

m a c h in e  le a rn in g  m o d e ls

• Exte n s ive  re p o s ito ry o f tru th  d a ta  a lig n e d  with  ILI d a ta
⎻ En a b le s  o p p o rtu n itie s  fo r a d va n c e d  d a ta  a n a lytic s  to  s te p  

c h a n g e  POD, POI, POS
⎻ Ba ke r Hu g h e s  h a s  10 0 s  th o u s a n d s  o f fie ld  ve rifie d  la s e r s c a n  

p ro file s  in  th e  d a ta b a s e

• Mo re  th a n  ju s t a  d a ta b a s e  o f a c tu a l re s u lts  c o m p a re d  to  re p o rte d  
re s u lts
⎻ ILI s ig n a l d a ta  ( tri- a xia l)
⎻ Fu ll re s o lu tio n  m e a s u re d  d e fe c t p ro file s
⎻ To o l p a ra m e te rs  
⎻ Op e ra tin g  c o n d itio n s
⎻ … a n d  m o re

• Fle xib ility to  b e  u tilize d  fo r m a n y re s e a rc h  in itia tive s
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POF Ba s e d  To le ra n c e s
• Co rro s io n  to le ra n c e s  h a ve  tra d it io n a lly b e e n  b u ilt  

b a s e d  o n  a rb itra ry POF b a s e d  le n g th  a n d  wid th  
c a te g o rie s  with  lim ite d  d e fe c t  p o p u la tio n s

• Le n g th  a n d  wid th  a re  n o t th e  o n ly in flu e n c e s  o n  
a c c u ra c y s o  n o t id e a l a s  a  g ro u p in g  c rite ria

An o m a ly  Sp e c ific  To le ra n c e s
Sp e c ific  to le ra n c e  fo r e ve ry in d ivid u a l c o rro s io n  
in  a  lin e  b a s e d  o n  m u ltip le  in flu e n c in g  
c h a ra c te ris t ic s

Me ta l Lo s s  To le ra n c e  Op p o rtu n ity

2%

4 %

19 %

7%
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Wh y  is  t h is  im p o rt a n t ?
1. Re d u c in g  d ig s  -  c o n s id e ra b le  o ve r- c o n s e rva tis m  c a n  b e  re m o ve d  fro m  in te g rity a s s e s s m e n ts

2. Im p ro vin g  s a fe ty –  b e tte r u n d e rs ta n d in g  o f wh e re  tru e  ris k lie s  



Wh a t re a lly in flu e n c e s  s izin g ?
• Le n g th  a n d  wid th  a re  n o t th e  o n ly im p o rta n t  fa c to rs  re la te d  to  MFL 

d e p th  a c c u ra c y

• Ma c h in e  le a rn in g  te c h n iq u e  u s e d  to  d e te rm in e  g re a te s t  in flu e n c e s  o n  
s izin g

• Re vie we d  5 7 in flu e n c in g  fa c to rs  a g a in s t >20 0 ,0 0 0  d e fe c ts  

• Hig h e s t im p a c tin g  fa c to rs  fe ll in to  4  m a in  c a te g o rie s :

• Th e  s p e c ific  fa c to rs  with in  a n d  a c ro s s  th e s e  fo u r c a te g o rie s  in te ra c t  
to g e th e r in  c o m p le x wa ys  to  d e fin e  m e ta l lo s s  a c c u ra c y

• Le n g t h  a n d  w id t h  w e re  n o t  t h e  d o m in a n t  in flu e n c e
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Pre d ic te d  a n o m a ly 
m e a s u re m e n ts

Ra w s ig n a l 
c h a ra c te ris t ic s

Lo c a t io n  a n d  
in te ra c t io n  to  o th e r 

p ip e lin e  fit t in g s  
a n d  fixtu re s

Lo c a t io n  a n d  
in te ra c t io n  to  
o th e r d e fe c ts

Th e  p re d ic te d  le n g th , 
wid th  a n d  d e p th  

o u tp u t o f a n o m a ly 
s izin g  m o d e ls .

Th e  p a ra m e te riza tio n s  
o f th e  a n o m a ly ILI ra w 
s ig n a l in c lu d in g  b o th  
th e  tria xia l MFL d a ta  

a n d  o th e r 
s u p p le m e n ta l d a ta .

Th e  lo c a tio n  a n d  
in te ra c tio n  o f ta rg e t 

a n o m a lie s  to  
o th e r p ip e lin e  fit t in g s  

a n d  fixtu re s ..

Th e  lo c a tio n  a n d  
in te ra c tio n  o f ta rg e t 
a n o m a lie s  to  o th e r 

n e ig h b o rin g  
a n o m a lie s ..

Co rro s io n  
Clu s t e r

"Pit  in  Pit " 
c o rro s io n



Pro o f o f Co n c e p t –  in itia l va lid a tio n
• Big  d a ta  lib ra ry u tilize d  to  im p ro ve  to le ra n c e s  a t a n  in d ivid u a l lin e  le ve l
⎻ Ma c h in e  le a rn in g  m o d e l d e ve lo p e d  u s in g  wid e  ra n g e  o f in flu e n c in g  fa c to rs
⎻ Tri- a xia l MFL with  s ta n d a rd  a n d  h ig h e s t re s o lu tio n s  c o n s id e re d
⎻ Mo d e l a p p lie d  to  8  lin e s  with  h ig h  c o rro s io n  p o p u la tio n s  a n d  s ig n ific a n t d ig  

p ro g ra m s

• Im p ro ve d  to le ra n c e s  re la tive  to  th e  o rig in a l POF- b a s e d  to le ra n c e s  fo r 8 9 % o f d e fe c ts

• Oth e r d e fe c ts  wh e re  wid e r to le ra n c e  we re  p re d ic te d  g ive s  b e tte r u n d e rs ta n d in g  o f 
tru e  ris k

Pip e  
Dia m e te r

Pe rc e n t  o f d e fe c t s  w ith  
t ig h t e n in g  o f t o le ra n c e

8 " 6 7%

12" 99%

20 " 8 4%

24 " 98 %

30 " 95%

30 " 94%

30 " 73%

4 2" 100%

Av e ra g e 8 9%

VECTRA HD

Ma g n e Sc a n SHR+
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Un d e rs ta n d in g  th e  va lu e  
o f p re d ic te d  to le ra n c e s

Th e  to le ra n c e  
p re d ic to r s ig n ific a n tly 
re d u c e s  th e  o ve r-
c o n s e rva tis m  h id d e n  
in  c u rre n t 
s p e c ific a tio n s

• Ac tu a l e rro r 
d is trib u tio n s  b e tte r 
th a n  POF a n d  
p re d ic te d  to le ra n c e s

• Pre d ic te d  to le ra n c e  
e rro r d is trib u tio n s  
re m a in  c o n s e rva tive
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• Po te n tia l im p a c t to  o u r c lie n t’s  d ig  p ro g ra m  wa s  a s s e s s e d
• In d ivid u a l to le ra n c e s  s u p p lie d  fo r a ll a n o m a lie s  in  p ip e  ta llie s  fo r fu tu re  in te g rity 

a s s e s s m e n t
⎻ Co m p a ris o n  m a d e  o f re s u lts  u s in g  POF a n d  p re d ic te d  to le ra n c e  m e th o d s  fo r:

• Nu m b e r o f d ig s  o ve r a  10 - ye a r g ro wth  p e rio d
• Nu m b e r o f d ig s  p rio r to  th e  n e xt re - in s p e c tio n
• Re - in s p e c tio n  ye a r 

Be n e fits

Th e o re t ic a l 
re d u c t io n  o f 6 2% 
o f d ig s  t o   n e xt  
in s p e c t io n   ( fro m  
37 t o  14 )   a n d  
p o s s ib le  d e fe rra l 
o f 38 % o f p ip e lin e  
re - in s p e c t io n s

10 - y e a r g ro w th  p e rio d Prio r t o  re - in s p e c t io n  y e a r Re - in s p e c t io n  y e a r

NPS Re d u c tio n  o f d ig s Re d u c tio n  o f d ig s In c re a s e  in  
re - in s p e c tio n  ye a r

8 12 4 1
12 - 3 - 1 0
20 29 4 14 0
24 43 6 3
30 9 0 2 0
30 117 - 2 1
30 40 0 0
42 0 0 0

To ta l 5 93 23 –
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• Pre vio u s  wo rk g e n e ra te d  lin e - s p e c ific  o p tim iza tio n  to  e s ta b lis h  
p re d ic tive  to le ra n c e  m o d e ls

• Th e  c h a lle n g e  is  to  b e  a b le  to  p re d ic t to le ra n c e s  o n  a n y lin e  
with  a n y to o l

Ge n e ric  Pre d ic t ive  To le ra n c e  Mo d e l
• Exp a n d e d  tra in in g  a n d  te s t d a ta  to  e n tire  b ig  d a ta  

lib ra ry (10 0 s  th o u s a n d s  fe a tu re s )
• VECTRA HD a n d  Ma g n e Sc a n  SHR+ in  m u ltip le  d ia m e te rs

• Hig h ly re p re s e n ta tive  d a ta b a s e
• Fu ll jo in ts  s c a n n e d  fo r m a n y ye a rs  (10 0 s  to  10 0 0 s  p e r jo in t)
• Re a lis tic  s ke we d  p o p u la tio n  d is trib u tio n

• Re - o p tim ize d  m a c h in e  le a rn e d  m o d e l

De p th  Dis t rib u t io n  Of La s e r Sc a n n e d  
An d  MFL Sig n a l Mo d e l Tra in in g  Da ta
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Ho w d o  we  a p p ly th is  m o re  g e n e ra lly?



Ge n e ric  Mo d e l Pe rfo rm a n c e  
a n d  Asse s sm e n t

Go a ls

1. Pre d ic t u n b ia s e d  ( s ym m e tric )  8 0 %  
c o n fid e n c e  b o u n d s  fo r p e rfo rm a n c e  
re s u lts

2.Pro vid e  to le ra n c e s  th a t a re  m o re  
re p re s e n ta tive  o f a c tu a l d e p th

3.Re m o ve  c o n s e rva tivis m  fro m  POF 
s p e c ific a tio n
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• Cu m u la tive  d is trib u tio n  fu n c tio n  
( CDF)  p lo t is  u s e d  to  d e m o n s tra te  
re la tive  c h a n g e  in  p re d ic te d  
to le ra n c e  v s p e c ifie d

• POF c la s s ific a tio n s  u s e d  to  s im p lify 
in te rp re ta tio n

• To le ra n c e  re d u c e s  in  th e  m a jo rity 
o f c a s e s

• Pin - h o le s  s h o w th a t s p e c ific a tio n  is  
h ig h ly c o n s e rva tive  ve rs u s  a c tu a l 
p e rfo rm a n c e  >9 5% im p ro ve m e n t

• Oth e r in flu e n c in g  fa c to rs  -  
p re d ic te d  to le ra n c e s  in c re a s e d  
re la tive  to  th e  p u b lis h e d  
s p e c ific a tio n  o n  16 % o f th e  
p o p u la tio n . 

Did  we  re d u c e  o ve r- c o n se rva tism ?

8 4 % o f d e fe c ts  
h a d  tig h te r 
to le ra n c e s  th a n  
fo rm a l s p e c ific a tio n

Wid e r to le ra n c e s  
m e a n s  we  a re  
id e n tifyin g  wh e re  
g re a te r ris k lie s  o n  
a c c u ra c y o f 
re p o rte d  d e p th s
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Oth e r Ke y Pe rfo rm a n c e  Crite ria

• Pre d ic te d  
to le ra n c e s  (g re e n )  
c lo s e r to  45 o lin e s  
(u n ity)  in d ic a te  
re d u c e d  like lih o o d  
o f u n d e re s tim a tin g  
c o rre c t to le ra n c e

• Ru n c o m  s o ftwa re  
u s e d  to  c o m p a re  
350k fe a tu re s  to  
a s s e s s  
re p e a ta b ility

• Sim u la te d  re p e a t 
d a ta  u s in g  
in s p e c tio n s  o n  th e  
s a m e  lin e s  with  
d e fe c ts  kn o wn  to  
h a ve  n o  g ro wth

Sa fe ty  Ou t lie rs Re p e a ta b ilit y

Co n fid e n c e  
In te rva l

Pre d ic te d  Bo u n d  
Re p e a ta b ility

8 0% ±2.23%

90% ±2.8 6 %

As  we  re m o ve  c o n s e rva tis m  we  n e e d  to  e n s u re  we  d o  
n o t in c re a s e  ris k th a t c ritic a l fe a tu re s  will n o t b e  
s ig n ific a n t ly u n d e rc a lle d  
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It  is  im p o rta n t to  d e te rm in e  wh e th e r th e  m o d e l c o n s is te n tly 
p re d ic ts  to le ra n c e s
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Co n c lu s io n  & Ac kn o wle d g m e n ts
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Le s s  c o n s e rv a t iv e  t o le ra n c e s  c o m p a re d  to  c o n ve n tio n a l POF- b a s e d  
to le ra n c e s  m e a n s  re d u c e d  d ig  p ro g ra m  c o s t s

En a b le s  m o re  e ffic ie n t  a n d  e ffe c t iv e  m a in te n a n c e  & d ig  
p ro g ra m s

Min o rity o f a n o m a lie s  with  wid e r to le ra n c e  a re  b e tte r in d ic a to rs  o f 
tru e  ris k le a d in g  to  im p ro v e d  s a fe ty

In n o v a t iv e , h ig h  a c c u ra c y  t o le ra n c e  p re d ic a t io n  m o d e l 
g e n e ra te s  in d ivid u a l d e p th  to le ra n c e s  fo r  e v e ry  a n o m a ly
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Ap p lic a tio n  o f Ad va n c e d  Da ta  An a lytic s
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