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1. Background

Increase in the AC corrosion risk
on buried pipelines

Increase in the AC corrosion risk
on buried pipelines

1) Increase in the pipelines paralleling overhead HVAC power 
transmission lines and/or AC-powered rail transit systems

2) Increase in the high resistivity coatings such as extruded polyethylene
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Needs to establish new CP criteria

Pipe-to-soil potential CP criteria (ex. -0.85VCSE) are not applicable
for the assessment of AC corrosion risk. 

New CP criteria based on DC and AC current densities (AC = 50Hz)New CP criteria based on DC and AC current densities (AC = 50Hz)



2. Experimental and Results

2.1 Studies on new CP criteria
- Corrosion rate measurement in laboratory and field tests
- Establishment of new CP criteria based on IDC and IAC

2.2 Studies on AC mitigation methodology
- Earthing using Mg anodes and/or DC decoupling device
- Compatibility with CP system

2.3 Studies on the effectiveness of the criteria & AC mitigation
- In proximity to an overhead HVAC power line
- In proximity to an AC-powered rail transit system



2.1 Studies on new CP criteria

(1) Laboratory tests

AC/DC supply

Steel specimen
（1cm2)

Counter electrode
(Carbon plate)

Clayey soil

AC current (f = 50Hz)

DC current (CP current)

+ －

- Various levels of IDC and IAC

- Weight loss measurement



(2) Field tests

Dumbbell type

High resistivity coating

Exposed surface (10cm2)

Rod type

Tokyo Gas Coupon



- Simultaneous measurement of IDC and IAC
- Weight loss measurement

Rectifier

Overhead high-voltage AC power transmission line (f = 50Hz)

A
Coupon
(10cm2)

AC current

DC current
(CP current)

Ground bed

Polyethylene coated pipeline



New instrument
“CP MONITOR”

PC

Data

Coupon CP MONITOR

Pipe cable

CP MONITOR

In a test station

Measurement system



Fig.1 Effect of IDC and IAC on corrosion rate.
(AC frequency 50Hz)
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Fig.2 Current density CP criteria (AC 50Hz)
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2.2 Studies on AC mitigation methodology

Install distributed grounding 
system using Mg anodes
(during pipeline construction)

Install distributed grounding 
system using Mg anodes
(during pipeline construction)

(1) IAC < 70A/m2

(1) Increase IDC by CP rectifiers(1) Increase IDC by CP rectifiers

(2) IAC >=  70A/m2

(2)-a Ground through a solid-state
DC decoupling device

(2)-a Ground through a solid-state
DC decoupling device

(2)-b Ground directly by Mg anodes(2)-b Ground directly by Mg anodes

(1)

(2)

IDC

IAC

AC corrosion risk assessment

AC level
Burial situation

70A/m2

AC risk
detected

Protection

Fig.3 AC mitigation methodology



Grounding for AC mitigation

Bare steel casing

Rectifier

CP current

DC-powered rail
transit system

DC stray current

Mg anodesMg anodes

Solid-state DC decoupling deviceSolid-state DC decoupling device

Compatibility with CPCompatibility with CP



Tokyo Gas solid-state DC decoupling device

Solid-state DC 
decoupling device

Test station

Cable of bare 
steel casing

Cable from pipe



2.3 Studies on the effectiveness of the criteria & AC mitigation
Case 1 : In proximity to an overhead HVAC power line

Overhead HVAC power line

Pipeline
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Case 2 : In proximity to an AC-powered rail transit system

Pipeline

Elevated AC-powered rail transit system



Fig.5 IDC and IAC before grounding in proximity
to an AC-powered rail transit system.
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Fig.6 The Max. and Ave. of IAC before and after grounding
in proximity to an AC-powered rail transit system.
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5. Conclusion

Coatings Cathodic protection

Corrosion risk

Mitigative measuresCP survey

DC stray current corrosion

MIC

Current density CP criteria
+

New instrument to measure
IDC and IAC (as well as EON and EOFF )

Current density CP criteria
+

New instrument to measure
IDC and IAC (as well as EON and EOFF )

Grounding for AC mitigationGrounding for AC mitigation

AC corrosionAC corrosion

P/S CP criteria + Voltmeter

Soil corrosion

New concept of CP management considering AC corrosion risk
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Conclusion (cont’d)

was proven to be effective through field survey.

1) New CP criteria1) New CP criteria

that can appropriately assess the AC corrosion risk were developed
based on DC and AC coupon current densities.

2) AC mitigation methodology2) AC mitigation methodology

that includes grounding using solid-state DC decoupling device and
Mg anodes was established considering the compatibility with CP.

3) The criteria and AC mitigation methodology3) The criteria and AC mitigation methodology

should be conducted periodically on pipelines where AC corrosion is 
likely to occur.

4) Simultaneous measurement of DC and AC coupon current densities4) Simultaneous measurement of DC and AC coupon current densities



Pipeline

Overhead HV AC
power transmission line

Insulating end

DC-powered rail transit system

Cathodically protected foreign metallic structure

AC-powered rail transit system

Rectifier

Current density criteria

P/S potential criteria

Current density and pipe-to-soil potential

AC corrosion risk

Overprotection risk

DC stray current corrosion risk

Metal touch DC interference

Wide application of coupons

DC stray current corrosion risk

Lack of CP risk
DC interference risk

Coating holidays



Needs to establish new CP criteria

Pipe-to-soil potential CP criteria (ex. -0.85VCSE) are not applicable
for the assessment of AC corrosion risk. 

New CP criteria based on DC and AC current densities (AC = 50Hz)New CP criteria based on DC and AC current densities (AC = 50Hz)

Printz (1992)
AC current density < 20 A/m2 = No AC corrosion risk
AC current density > 100 A/m2 = AC corrosion of 0.1 mm/y can occur

DIN 50 925 (1992)
AC current density < 30 A/m2, DC current density = approx. 1 A/m2



- Simultaneous measurement of IDC and IAC
- Weight loss measurement

Rectifier

Bare steel casing

A

Overhead high-voltage AC power transmission line (f = 50Hz)

A

Coupon
(10cm2)

Foam mortal


