
Revolu'onary	
  inspec'on	
  technology　
for	
  Pipe	
  corrosion	
  through	
  

	
  Oil	
  retaining	
  wall	
  	
  

This	
  paper	
  includes	
  the	
  english	
  transla1on	
  based	
  on	
  
the	
  published	
  paper	
  from	
  JX	
  Nippon	
  Oil	
  &	
  Energy	
  Corp.	
  





１min.	
  Review	
  

•  We,	
  ATLAS,	
  have	
  developed “New	
  innova've	
  inspec'on	
  
technology	
  on	
  Pipe	
  corrosion	
  in	
  OIL	
  RETAINING	
  WALL”	
  

　　  Japan	
  Patent	
  No.	
  	
  P5734789	
  

•  We	
  have	
  been	
  very	
  successful	
  in	
  JPN	
  Market.	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  It	
  has	
  been	
  proven	
  by	
  	
  JPN	
  Energy	
  Giant	
  called	
  	
  
　　 “JX	
  Nippon	
  Oil	
  &	
  Energy”.	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  Over	
  3,000	
  pipes	
  have	
  been	
  already	
  applied	
  so	
  far.	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  Very	
  significant	
  cost	
  down:	
  	
  	
  	
  Conven'onal	
  1/10	
  –	
  1/20	
  

	
  	
  Background	
  Our	
  Technology	
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Inspec'on	
  expense	
  comparison	
  per	
  pipe	
  in	
  Japan	


26B	
  pipe	
  (those	
  with	
  a	
  trace	
  pipe)	


1/19	
  reduc1on	
  of	
  cost	
  was	
  possible	
  !!	


Conven'onal	
  Digging	
  &	
  Inspec'on	
  

Expense	


About	
  US
$3,000	
  

About	
  US
$58,000	
  	
  

Atlas	
  EPD	




Outline	
  of	
  Business	
  	
  	
  

Customer	
  Site	
  
Measurement-­‐Work	
  

Approx.	
  10-­‐15pipes	
  per	
  day	
  
	
  by	
  4	
  men	
  	
  

Partner	
  in	
  
Overseas	
  
•  Measured	
  

date	
  to	
  be	
  
sent	
  to	
  Atlas	
  
	
  in	
  Japan	
  

•  Report	
  to	
  be	
  
provided	
  in	
  
return.	
  	
  

•  This	
  Report	
  to	
  
be	
  submi\ed	
  
to	
  Customer	
  

ATLAS	
  in	
  Japan	
  

Data	
  Analysis	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  &	
  
Prepare	
  English	
  
Report	
  
(approx.	
  for	
  1	
  
week)	
  

2.	
  	
  	
  	
  	
  	
  Equipment	
  Required	
  
•  1	
  x	
  	
  EPD	
  measuring	
  instrument	
  
•  1	
  set	
  of	
  detachable	
  sensors,	
  cables,	
  connector	
  etc	
  

3.	
  	
  	
  	
  	
  	
  	
  Field	
  Technicians	
  
•  1	
  Team	
  consis1ng	
  of	
  4	
  x	
  Technicians	
  

	
  4.	
  	
  	
  	
  	
  	
  Time	
  to	
  require	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
•  7-­‐10	
  days	
  for	
  100pipes	
  case	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

E-­‐mail	


E-­‐mail	


E-­‐mail	


1.  Expected	
  Procedures	


It	
  is	
  expected	
  
	
  to	
  complete	
  inspec1on	
  
on	
  site	
  within	
  4-­‐5	
  days	
  !	


If	
  efficiency	
  is	
  
improved	
  
significantly	
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ATLAS	
  technology	
  Applica'on	
  field	
  

Oil	
  retaining	
  wall	
  Pipes	
  (=Dike	
  penetra1ng	
  pipe)	


Retaining	
  Wall	


	
  	
  	
  	
  	
  	
  	
  Concrete	


Pipes	


Sand	
  
Penetrated	
  Pipe	
  
	
  with	
  an'corrosion	
  tape	


Tank	
 Retaining	
  
Wall	




Intrusion	
  of	
  
	
  	
  	
  rainwater	


Penetrated	
  Pipe	
  (Damaged	
  an'corrosion	
  tape)	


Photo:	
  	
  Corroded	
  Pipe	
  
	
  afer	
  dismantling	
  retaining	
  wall	
  

Magnified	
  Photo 

	
  	
  	
  	
  	
  	
  	
  Nominal	
  Thickness	
  6.5mm	
  
	
  	
  	
  	
  	
  	
  	
  Max.	
  Corrosion	
  Depth:	
  4mm 

Outside	
  corrosion	
  of	
  oil	
  retaining	
  wall	
  penetrated	
  pipe	




The	
  appearance	
  visual	
  check	
  of	
  an	
  oil	
  retaining	
  wall	
  is	
  conducted,	
  and	
  the	
  
necessity	
  of	
  a	
  secondary	
  inspec1on	
  is	
  judged.	
  	


Preliminary	
  inspec'on	
  

An	
  oil	
  retaining	
  wall	
  is	
  excavated,	
  detailed	
  inspec1on	
  is	
  conducted,	
  and	
  the	
  
necessity	
  of	
  repair	
  is	
  judged.	
  	


Secondary	
  inspec'on	


Oil	
  retaining	
  wall	
  outer	
  wall	


It	
  checks	
  that	
  there	
  is	
  no	
  
crack	
  which	
  serves	
  as	
  a	
  
permea1on	
  course	
  of	
  
rain	
  water.	


It	
  checks	
  that	
  there	
  is	
  neither	
  
genera1ng	
  of	
  rust	
  nor	
  
degrada1on	
  of	
  a	
  corrosion-­‐
proof	
  tape.	


Penetrated	
  Pipe	
  	


・The	
  corrosion	
  depth	
  is	
  checked.	
  
・Residual	
  thickness	
  is	
  checked.	


Pipe	
  surface	
  near	
  the	
  oil	
  
retaining	
  wall	


The	
  conven'onal	
  inspec'on	
  	




・Exchange	
  of	
  a	
  thinning	
  part	


・Jump	
  over	


Exchange	
  of	
  a	
  thinning	
  part	
  &	
  
Re-­‐construc1on	
  of	
  a	
  corrosion-­‐proof	
  tape	
  	


A	
  pipe	
  is	
  detoured	
  in	
  order	
  to	
  
avoid	
  genera1ng	
  of	
  outside	
  
corrosion.	


Conven1onal	
  Solu1on	
  



The	
  weak	
  point	
  of	
  the	
  conven'onal	
  inspec'on	
  method	
  

Preliminary	
  inspec'on	
  

Secondary	
  inspec'on	


The	
  appearance	
  visual	
  check	
  of	
  an	
  oil	
  retaining	
  wall	
  	

⇒Since	
  the	
  inspec1on	
  of	
  the	
  penetra1ng	
  part	
  cannot	
  be	
  carried	
  out	
  
directly,	
  conven1onal	
  inspec1on	
  accuracy	
  is	
  low.	
  	


Detailed	
  inspec1on	
  by	
  excava1ng	
  an	
  oil	
  retaining	
  wall	


⇒Large-­‐scale	
  appurtenant	
  work,	
  such	
  as	
  digging	
  of	
  an	
  oil	
  retaining	
  
wall	
  and	
  construc1on	
  of	
  a	
  temporary	
  oil	
  retaining	
  wall,	
  is	
  required.	


⇒	
  Inspec'on	
  accuracy	
  and	
  cost	
  were	
  unsolved.	




The	
  basic	
  principle	
  of	
  ATLAS	
  EPD	
  	


Before	
  use	


A`er	
  use	


Thinning	


Direct-­‐current	
  (I0)	


Direct-­‐current	
  (I0)	


Poten1al	
  difference	
  ra1o	
  
	
  V1/V0	


Sensing	
  pin	


・Under	
  supervising	
  poten1al	
  difference,	
  genera1ng	
  of	
  corrosion	
  is	
  detectable.	
  
	
  ・The	
  analy1cal	
  curve	
  prepared	
  in	
  advance	
  can	
  es1mate	
  the	
  grade	
  of	
  corrosion.	
  	
  

Reduc1on	
  of	
  thickness	
  

Decrease	
  of	
  cross-­‐sec1on	
  

Eleva1on	
  of	
  electrical	
  resistance（R）	


Increase	
  of	
  electric	
  poten1al	
  
difference（V）	


Ohm’s	
  law　：　V=R・I	
  

Increase	
   Constant	
  

V0→V1	


ATLAS	
  EPD	
  	
  (Electric	
  Poten'al	
  Difference)	






Analy1cal	
  curve	
  is	
  the	
  graph	
  which	
  shows	
  the	
  rela1on	
  between	
  a	
  poten1al	
  
difference	
  ra1o	
  and	
  the	
  corrosion	
  depth.	
  	
  
It	
  plots	
  the	
  actually	
  measured	
  data	
  and	
  is	
  created.	
  	


Analy1cal	
  curve	
  	


Poten1al	
  difference	
  ra1o	
  	


corrosion	
  depth
	


The	
  corrosion	
  depth	
  can	
  be	
  
presumed	
  from	
  a	
  poten1al	
  
difference	
  ra1o.	
  	
  



・The	
  poten1al	
  difference	
  (Ini1al	
  value	
  V0)	
  before	
  use	
  cannot	
  be	
  measured.	
  	


A	
  poten1al	
  difference	
  ra1o	
  
(V1/V0)	
  cannot	
  be	
  calculated.	
  	


poten1al	
  
difference	
  	


The	
  corrosion	
  depth	
  cannot	
  be	
  
presumed	
  from	
  a	
  poten1al	
  
difference	
  ra1o.	
  	


Poten1al	
  difference	
  ra1o	
  	


corrosion	
  depth
	


Before	
  use	


・There	
  is	
  no	
  analy1cal	
  curve	
  of	
  oil	
  retaining	
  wall	
  penetrated	
  pipe.	


Analy1cal	
  curve	
  	


The	
  faced	
  problem	
  when	
  applyinｇ	
  EPD	
  



Solu'on	
  1.	
  :	
  by	
  preparing	
  the	
  reference	
  sec'on	
  	
  

A	
  poten1al	
  difference	
  ra1o	
  (V1/V0)	
  is	
  calculated	
  by	
  considering	
  that	
  the	
  
measurement	
  poten1al	
  difference	
  of	
  the	
  reference	
  sec1on	
  is	
  an	
  ini1al	
  value	
  
(V0).	


Reference	
  Zone	
  
(V0)	


Measuring	
  zone	
  	
  
(V1)	


Oil	
  retaining	
  wall	
  	


Pipe	




ATLAS	
  &	
  JX	
  had	
  the	
  verifica1on	
  test	
  more	
  than	
  100	
  loca1ons	
  in	
  the	
  actual	
  
fields.	
  	
  Then,	
  we	
  could	
  create	
  the	
  correla1on	
  curve	
  between	
  a	
  poten1al	
  
difference	
  ra1o	
  and	
  the	
  actual	
  corrosion	
  depth.	
  
⇒ The	
  grade	
  of	
  corrosion	
  can	
  be	
  presumed	
  from	
  a	
  poten1al	
  difference	
  ra1o.	
  	


Poten1al	
  difference	
  ra1o	
  	


corrosion	
  depth
	


Analy1cal	
  curve	
  	


The	
  corrosion	
  depth	
  is	
  measured.	
  	


Solu'on	
  2.	
  :	
  	
  Crea'ng	
  	
  the	
  reliable	
  analy'cal	
  curve	
  by	
  	
  
actual	
  verifica'on	
  test	
  more	
  than	
  100	
  loca'ons.	
  



Poten1al	
  difference	
  ra1o	
  	


corrosion	
  depth
	


Analy1cal	
  curve	
  	


The	
  corrosion	
  depth	
  is	
  measured.	
  	


Solu'on	
  3.:	
  	
  	
  	
  Comple'on	
  of	
  prac'cal	
  usable	
  Analy'cal	
  
curve	
  
The	
  measurement	
  results	
  were	
  evaluated	
  and	
  divided	
  into	
  three	
  grade	
  
	
  (red,	
  yellow,	
  green	
  area).	
  	
  
⇒	
  The	
  grade	
  of	
  corrosion	
  can	
  be	
  judged	
  on	
  a	
  safe	
  side.	
  	
  

Large-­‐scale	
  thinning	
  	
  

Middle-­‐scale	
  thinning	
  	
  

Small-­‐scale	
  thinning	
  	
  



Reference	
  Zone	
  	
  

Measuring	
  	
  
Zone	
  

Sensing	
  pin	
  

Sensing	
  pin	
  
(Detachable	
  type)	
  

Applica'on	
  scenery	
  to	
  real	
  pipe	
  



Applica'on	
  scenery	
  to	
  real	
  pipe	
  



Poten1al	
  difference	
  ra1o	
  	


corrosion	
  depth
	


Large-­‐scale	
  thinning	
  	
  

Middle-­‐scale	
  thinning	
  	
  

Small-­‐scale	
  thinning	
  	
  

Survey	
  data	
  	


As	
  compared	
  with	
  an	
  appearance	
  visual	
  check,	
  the	
  judgment	
  about	
  corrosion	
  is	
  
possible	
  in	
  high	
  accuracy.	
  	


Accuracy	
  verifica'on	
  

Analy1cal	
  curve	
  	




Total	
  417	
  places	


The	
  num
ber	
  of	
  places	


The	
  number	
  of	
  
comple1on	
  places	


173	
  places	


97	
  places	


Large-­‐scale	
  thinning	
  
	
  at	
  nine	
  places	
  	
  

2008	
  	
  	
  	
  	
  2009	
  	
  	
  	
  	
  2010	
  	
  	
  	
  	
  2011	
  	
  	
  	
  	
  2012	
  	
  	
  	
  	
  2013	


Schedule	


ATLAS	
  EPD	
  applica'on	
  situa'on	
  in	
  JX	
  Negishi	
  site	
  

Over	
  3,000	
  pipes	
  had	
  been	
  applied	
  un1l	
  the	
  2014	
  fiscal	
  year	
  	
  
in	
  all	
  JX	
  sites.	
  

ATLAS	
  EPD	
  applica1on	
  track	
  record	
  of	
  oil	
  retaining	
  wall	
  
penetrated	
  pipe	
  (JX	
  Negishi	
  oil	
  refinery)	
  	
  





Applica'on	
  ① :	
  	
  Corrosion	
  of	
  the	
  dike-­‐penetra'ng	
  pipe	
  

  Corrosion is checked based on the following potential difference change 
rate.	


  If corrosion wastage has not occurred in the dike, potential difference 
change rate is 0%. However if corrosion wastage has occurred , it will be the 
positive value.	


  When corrosion is large-scale, potential difference change rate becomes big.	




ATLAS inspection is also possible for the pipe in culvert or trench by a similar method. 

Applica'on	
  ② :	
  Corrosion	
  of	
  a	
  pipe	
  in	
  Culvert	
  or	
  Trench	
  



Applica'on	
  ③ :	
  	
  Corrosion	
  of	
  a	
  pipe	
  in	
  the	
  Corrugated	
  Pipe	
  
 ATLAS inspection is also possible for the pipe in the corrugated pipe by a similar method. 



Applica'on	
  ④ :	
  Corrosion	
  of	
  Supported	
  part	
  to	
  pipe	
  
ATLAS inspection is also possible for the part where a pipe touches support by a similar 
method. 



The	
  conclusion	


◎The new inspection method of ATLAS has been established. 

◎Inspection accuracy improved markedly. 	


◎It puts in practical use as a preliminary inspection.  

The	
  grade	
  of	
  corrosion	
  could	
  be	
  evaluated	
  and	
  judged	
  by	
  one	
  
measurement,	
  without	
  performing	
  needed	
  long-­‐term	
  monitoring	
  
conven'onally.	


ATLAS	
  technology	
  can	
  evaluate	
  corrosion	
  which	
  was	
  not	
  found	
  in	
  a	
  
visual	
  check.	
  	
  
As	
  the	
  exis'ng	
  preliminary	
  check	
  technique,	
  ATLAS	
  technology	
  has	
  the	
  
highest	
  accuracy.	
  	
  

In	
  JX	
  group,	
  there	
  are	
  already	
  3,000	
  or	
  more	
  inspec'on	
  track	
  records.	
  	
  
ATLAS	
  technology	
  is	
  as	
  follows	
  a	
  sufficiently	
  prac'cal	
  inspec'on	
  
method.	
  	
  
 ・ Inspec'on	
  speed:	
  About	
  15-­‐20	
  pipes/day	
  	
  
 ・ Expense:	
  About	
  US$2,000-­‐US$3,000/pipe	




Main Client in Japan 

Oil and chemical 
       JX Nippon Oil & Energy Corporation 
       Idemitsu Kosan Co., Ltd. 
       Mitsubishi Chemical Co., Ltd. 
       Mitsui Chemical Co., Ltd. 
       INPEX Corp.(Teikoku Oil) 
Steel and Crane 
       Nippon Steel Co., Ltd. 
       Toyota steel center Co., Ltd. 
Electric power 
       Tokyo Electric Power Company 
       Tohoku Electric Power Co., Inc. 
       Chugoku Electric Power Co., Inc. 
       Shikoku Electric Power Co., Inc. 
       Japan Atomic Energy Agency (old JAERI) 
Road and bridge 
       Hanshin Expressway Co., Ltd. 
       Ministry of Land , Infrastructure and Transport 
Research laboratories and universities 
       Osaka University 
       Tohoku University 
others … 



Although	
  the	
  following	
  inspec1ons	
  are	
  known	
  as	
  a	
  non-­‐
destruc1ve	
  test	
  of	
  oil	
  retaining	
  wall	
  penetrated	
  pipe,	
  these	
  
methods	
  have	
  low	
  accuracy	
  as	
  compared	
  with	
  ATLAS	
  technology.	
  	


・Guided	
  Wave	

The guided wave which is a kind of an ultrasonic wave is made to 
spread in the longitudinal direction of pipe. 	

⇒・An ultrasonic wave declines greatly by the corrosion-proof tape or a 
weld zone.  
   ・The grade of pipe thinning cannot be judged although the existence 
of pipe thinning can be checked.	


・Rack	
  Scan	
  (Rack	
  Through)	

Probes are installed on the both ends of a penetration part, an 
ultrasonic wave is transmitted and received, and thinning is detected. 	


⇒But it can inspect a short distance only and it is difficult to apply for an 
oil retaining wall penetrated pipes. 	


(Appendix)	
  About	
  preliminary	
  inspec'on	






Retaining 
Wall 

Measuring  
Zone 

Reference Zone 
( Elbow ) 

Reference Zone 
( Straight ) 

(Appendix)	
  Case	
  of	
  elbow	
  pipe	
  in	
  retaining	
  wall	
  



(Appendix)	
  About	
  Safety	
  



(Appendix)	
  	
  Standard	
  

The	
  Japanese	
  Society	
  for	
  Non-­‐Destruc1ve	
  Inspec1on	
  standard	
  
"	
  NDIS	
  3426	
  General	
  rules	
  of	
  the	
  method	
  of	
  measuring	
  
thickness	
  and	
  the	
  crack	
  size	
  by	
  the	
  poten'al	
  difference	
  
method“	
  was	
  enacted	
  by	
  the	
  coopera1on	
  of	
  Tokyo	
  Electric	
  
Power	
  Company,	
  JX	
  Nippon	
  Oil	
  &	
  Energy	
  Corpora1on,	
  Mitsui	
  
Chemicals,	
  Inc.,	
  Osaka	
  University,	
  and	
  Hanshin	
  Expressway	
  Co.,	
  
Ltd.	
  

In	
  the	
  field	
  of	
  the	
  electric	
  power,	
  it	
  is	
  recognized	
  as	
  alterna1ve	
  
technique	
  of	
  UT,	
  and	
  as	
  an	
  inspec1on	
  technique	
  for	
  filling	
  both	
  
thinning	
  measurement	
  and	
  screening	
  measurement	
  in	
  The	
  
Japan	
  Society	
  of	
  Mechanical	
  Engineers	
  issue:	
  
“Pipe	
  thinning	
  management	
  of	
  thermal	
  power	
  genera'on	
  
equipment	
  standard".	
  






