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Challenges during  Construction- selection of Route
Key Challenges:
• Pipeline Route sharing corridor /in proximity with HVAC

power lines

• In proximity to HVDC ground beds/ Anode beds of plant
CP system

• Pipeline Route sharing corridor /in proximity with HVAC
power cables

Way forward:
• As far as possible, to avoid the common corridor/re-route

the pipeline

• Detailed interference study upfront before start of laying
of the pipeline

• Implementation of the mitigation measures before
backfilling

• Maximize the separation distance between pipeline &
tower footing
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Challenges during  Construction- Common RoU
Key Challenges:

• Pipelines sharing common RoU /in proximity with
other foreign pipelines

Way forward:

• Common CP system

• Bonding at regular intervals

• Installation of Polarization coupons for effective PSP
monitoring

• Preferably same type of external coating
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Challenges during  Construction- Rail/Road Crossings
Key Challenges:

• Pipeline crossing with Rail /Road using Casing

• Electrolytic/Electrical shorting
o Possibility of corrosion in annular space and in nearby

pipeline sections
o Difficult to repair (carrier/coating)
o In-adequacy of CP level in vicinity

Way forward:

• As far as possible, cased crossings to be avoided

• Railway allows to cross pipeline using HDD at a depth of 7m

• In case of new rail /road crossings, appropriately designed RCC
culverts or portals should be preferred

• No sacrificial anodes shall be used inside casing annular space

• Casing pipe shall be bare at its internal & external surface

• Insulator supports, without any metallic fasteners
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Challenges during  Construction- Implementation of TCP
Key Challenges
• Delay in implementation of TCP since lowering of pipeline

• Lowering/laying of isolated smaller sections of pipeline- ROU/other
hindrances

• Non availability of Soil Resistivity survey data

• Delay in coating of field pipe joints

Way forward:
• Design and Implementation of TCP at earliest after pipe lowering

(preferably not later than a month)

• Native Potential Survey of P/L before TCP implementation

• TCP of Isolated small P/L sections:
 Since TLP designed for inter-distance of approx. 1 Km, provision for

Temporary Anode connection for small isolated span without TLP.
 Frequent failure of Anodes due to high current discharge through uncoated

field joints and temporary blinds. Hence enhanced monitoring at these
locations.

 Effectiveness of CP monitoring during TCP phase using Polarization coupons
 TCP monitoring record to be part of HOTO
 Record of holiday test & coating repairs
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Challenges during  Construction- Implementation of TCP

Issues:

• Marking of chainages differs in CP system
than Pipe Book and alignment sheet

• Different Test station nomenclature by
different PMCs
Difficulty in monitoring

Difficulty in data management, review and Analysis

Way forward:

• Test station chainages to be aligned as per
alignment sheet & pipe book

• Standardized test station terminology to be
followed
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Challenges during  Construction- Implementation of  ICCP
Challenges:

• Delay due to availability of power

• Delay in construction of station buildings

• Challenges in Anode Bed Installation
• Separate Land Acquisition
• Selection of Anode Bed Type sometimes changes due to site

conditions
• PCP often gets delayed due delay in Anode Bed Installation

• Delay due to poor response from CP contactor/material
supplying vendors

Way Forward:
• Provision of two sources Grid & Solar/GEG/DEG- at least one

source to come at earliest
• Advance planning for construction of station building
• Design of ICCP upfront so that action for Anode bed land

acquisition in time and not to be in scope of CP Contractor
• Selection of Contractor considering his job in hand vs his

capacity
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Challenges during  Construction- Implementation of  ICCP

9

Challenges:

• Delayed baseline CP survey (CIPS) and coating integrity survey
(CAT/DCVG)- some times 2-3 years from Gas in

• Delay in base line AC & DC interference survey

• Delayed repair of Coating defects & mitigation for interference

Way Forward:

• To be completed immediately on implementation of ICCP- CIPS,
CAT & DCVG/AVCVG for entire length

• Action on all Coating repairs irrespective of its sizing

• AC & DC interference study using software modelling, followed
by mitigation

• Validation surveys after coating repairs and implementation of
other mitigation measures



Challenges w.r.t. External Coating

Challenges:

• Coating Disbondments in factory applied 3LPE
Coating- difficult to take massive repair action

• Costly affair in major field Coating Refurbishment/
Rehabilitation (typically 40-50% of laying of new
pipeline)

Way forward:

• Ensuring QA/QC for surface preparation and Coating
application in factory

• Corrosion prevention during storage

• Maintaining adequate level of CP

• Repair of all coating defects including the minor ones
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Challenges with CP Equipments – Isolating Joints

Challenges:
• Failure of Monolithic Isolating Joints

o Structural failure due to physical stresses- resulting in
leaks

o Electrical shorting- may be due to insulation material
failure or deposition of fluid – resulting in CP under
protection

o Challenge in replacement of IJs of mainlines

Way forward:
• QA/QC for Isolating joints during its manufacturing, testing

and field installation
• Specific WPS for installation of Isolating joints
• Supports on both sides of IJ to avoid the physical stress
• Visual inspections
• Insulation check by analyzing ON/OFF PSP monitoring

data/RFIT
• Cleaning pigging
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Challenges with other CP Equipments

Challenges:

• Early malfunctioning of permanent reference cells (PRC)- due to provision of RCC/PCC

• Failure of Anode Beds ( due to poor quality of construction & quality of backfill)

• Effect of Solid state polarization cells on OFF PSP monitoring- polarized readings may 
not be accurate

• Quality of  Polarization cells – no labs in country to test certain requirements such as  

to check lightning Impulse Current (10/350 µs waveform)

Way forward:

• RCC/PCC should not be done over PRCs , to allow moisture to be absorbed

• QA/QC for installation, test requirements for backfills
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Regular CP monitoring Activities (Frequency of monitoring ≤ 1 Year)
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SN Activity Frequency

1 Monitoring & Maintenance of CPPSM/CPTR Monthly- SCADA connected
Fortnightly- Not on SCADA

2 Current Density Monitoring Quarterly

3 Monitoring of ON PSP at Test Stations as well of Casings, 
Insulating Joints (un-protected side), healthiness of Surge 
Diverters, Polarization Cells etc.

Quarterly

4 Monitoring of AC PSP at Test Stations Quarterly

5 Monitoring of OFF PSP at Test Stations Half Yearly

6 Monitoring of  Anode Ground Beds Half Yearly

7 Monitoring of polarization coupons, External ER Probes 
where installed

Quarterly

8 Resistance of Galvanic Anodes/Other installed for 
grounding of AC Interference

Half Yearly



Challenges in regular CP monitoring

Challenges:

• PSP monitoring in in-accessible areas in continuous stretch (water bodies/fish ponds/land 
owners issues)

• PSP monitoring over Roads/where pipeline is laid at higher depths-lower value of PSP

• Issues in regular monitoring where there are 3 season crops

Way forward:

• Installing TLPs as far as possible in approachable areas

• Remote monitoring may be explored

• Coordination with land owners/farmers

• Combined surveys
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Issues being faced with Cased crossings
Issues:
Casings are installed across Rail & Road crossings as mandated by
authorities.
• Casing possess threat to Pipeline Integrity issue due to:

• Electrolytic Shorting:

a) Ingress of electrolyte in annular space due to damaged end seals

b) Possibility of corrosion is minimal although not ruled out , may be
reduction in CP protection level.

• Electrical Shorting:

a) Metallic contact between casing and carrier pipe- due to
settlement of supporting soil/ damaged insulators/Zn Ribbon
Anodes

b) Results into CP under protection of carrier pipe within and in
vicinity of casing and corrosion can occur.

Way forward:
• Corresponding On-Off PSP of Casing to be monitored
• Cleaning of fluid/ debris entered inside annual space
• All efforts to remove the metallic short, if not possible, 

additional frequency of inspections such as ILI
• Special care during extension of casing-use of culverts/proper 

support for carrier and casing/non-mettalic fastners
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Difference in Off PSP of Casing 
and Carrier less than 5 mV

Electrical 
Short

Difference in Off PSP of Casing 
and Carrier more than 5 mV

Electrolytic 
Short



Issues faced with Anode Ground Bed (AGB)

• Measurement of total and Individual Anode ground resistance

• Computation of Total Circuit Resistance

Total Circuit Resistance in Ohms =
∆𝑉

∆𝐼
• Measurement and balancing of individual anode current

• Total circuit resistance should be maintained close to its design level

• Healthiness check for:

• Anode Bed

• CP Cables

• Discontinuity in Connection

• Healthiness of Shunts
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Use of Polarization Coupons

• Simulates a coating holiday on the actual pipe
• Suggested locations for Installation

• At CP Stations, Midpoint of two CP Station / Far end of

pipeline from CP Station.

• Pipeline protected by sacrificial anodes

• Multiple pipelines sharing common RoU

• Foreign pipeline crossings OR Foreign CP interference

exists.

• Stray current sources include DC traction systems,

foreign rectifiers, telluric earth currents, and high-voltage

direct-current (HVDC) electrodes

• AC Interference area

• Long-line or telluric currents that result in IR-drop errors

that interruption cannot eliminate /area where known

CP problem exists.
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Issues in Station CP

• Prevention of CP Current Drain through 
Instrument fittings
• Cutting of Cable armour

• Providing insulation at Contact Point with 
Support

• Installation of Dielectric on Instrument 
Tubing

• Requirement of Surge Diverter?

• Periodic monitoring of Coating 
condition at Soil transition points 
• Water Ingress at transition point

• Effect of high temperature in case of 
compressor discharge

• Frequent failure and replacement of 
permanent reference cells
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Issues with Long Term CP Surveys
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NACE SP0502: ECDA-Table for
Limitations & Detection
capabilities

1: Applicable- small coating
holidays typically <600mm2

2: Larger Coating holidays

3: to demonstrate with sound
engineering practice- by
operator



Long Term CP Surveys (Frequency of Survey ≥ 1 Year)
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SN Activity Frequency

1 CIPS Survey Once in 5 years

2 CAT Survey Once in 5 years

3 DCVG/ ACVG Survey Once in 5 years

4 AC & DC Interference Study / Survey & Mitigation Once in 5 years

5 Soil Resistivity & Soil Chemical Analysis Once in 10 years

Note:

1. Piggable sections: CIPS, CAT for entire length and DCVG/ACVG at identified locations  
including indications such dent (upper half)/external corrosion in ILI reports

2. Un-piggable sections: CIPS,CAT and DCVG/ACVG for entire length

3. Repair of all Coating defects including in minor category in AC interference segments



Issues due to DC Interference

• Source of DC Interference
• Anodic Gradient of Foreign P/L
• Cathodic Gradient of Foreign P/L
• HVDC System 
• DC Transit System: Now days in some Metro Rails
• Exposure to Plant CP System: anode beds distributed all 

over the plant and require large current ~ 2000A due to 
not having any isolation from ground)

• Telluric Effect

• PSP swing more than 50 mV: considered as DC 
interference

Cathodic Shift: Prone to Coating Disbondment                 
Anodic Shift   : Prone to accelerated Corrosion

• Sometimes difficult to remove to its full extent – in 
such cases monitor & manage
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Way forward:

• Cooperation & Information exchange 

between operators

• Design of Anode Bed System in consultation 

with existing pipeline operator in vicinity

• Provision of Bonding TLP at Crossing 

Location with Polarization Coupons

• Coating Integrity at crossing locations

• Installation of Sacrificial Anodes

• Installation of Drainage Bonds in case of 

Metros

• DMR in case of HVDC and location of 

Ground Bed as far as possible ( >25km)



Surveillance of Pipeline Corridor

• Regular monitoring of pipeline 
corridor as per requirement of Class 
locations

• Several utilities are being laid in 
common corridor viz. water pipelines, 
cables, OFC, sewerage.

• Increased Vigil for pipeline passing 
through HCA to prevent unauthorized 
crossings in pipeline corridor

• Physical contact with metallic utilities 
could severely affect the Cathodic 
Protection level of the protected 
pipeline 
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Threat from AC Interference

• Rapid expansion of Pipeline and Power 
lines Infrastructure in country.

• Congested Corridors leading to close 
proximity of utilities causing 
Interference.
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Threat from AC Interference
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AC Interference

• Capacitive Coupling- Personnel 
safety during construction- pipeline 
aboveground on insulated supports

• Inductive Coupling- AC Corrosion 
and human safety- steady state 
conditions

• Resistive Coupling- Pipeline leaks, 
Human Safety- faults



Threat from AC Interference
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After Cleaning

Before Cleaning Outer  surface  Coating

Inner surface  Coating



AC Interference- Criteria

Fault State Criteria

• As per NACE SP0177:2014, Coating 
Stress Voltage depending coating type 
• For 3LPE < 3 to 5 KV 

• For FBE < 3 to 5 KV 

• For CTE < 3 KV  

• During short-circuit/fault conditions, 
the permissible AC touch-and-step 
voltages at above grade portions of the 
structure and appurtenances should be 
determined in accordance with IEEE 
Standard 80 2013
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Steady State Criteria

• Personnel Safety Limiting criteria of Steady 
State AC Touch Voltage as per NACE 
SP0177:2014 clause 5.2.1.1. to avoid shock 
hazard is of 15 V with respect to local earth 
at above-grade or exposed sections and 
appurtenances. 

• AC Corrosion AC Corrosion is measured with 
Leakage AC Current Density. As per NACE 
SP21424:2018 Clause 6.2 , the AC current 
density should not exceed a time-weighted 
average of: 
• 30 A/m2 if DC current density exceeds 1 A/m2 

• 100 A/m2 if DC current density is less than 1 A/m2 



Challenges in mitigation of AC Interference

27

• Level of interference - Dynamic in Nature
• Daily variation
• Seasonal Variation

• AC PSP will vary in coherence to electrical load

• AC Interference Study
• Mitigation based on field surveys not sufficient in some cases –location of 

peaks changes-- study using Software Modelling & Simulation
• Field Data logging of AC PSP & AC Current Density

• Minor Holidays (1 to 3 Sq.cm) most susceptible to AC Corrosion
• Difficult to detect minor coating holidays

• Rectification of minor coating faults identified in DCVG/ACVG Survey

• Software Modelling & Simulation
• Exorbitant design, Geospatial & Operational powerline data required from 

electricity operator.

• Reluctance from Powerline operators to provide data

• Assumptions leading to inaccuracies



Challenges in mitigation of AC Interference (Contd..)
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• Mitigation based on Software Modelling

• Use of Rated/Maximum operating load

• Challenges during laying of Zinc ribbons in O&M phase

• Maintaining recommended grounding resistance 

• Shifting of peaks levels after mitigation
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Way forward in mitigation of AC Interference (Contd..)
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• Way forward

• Use of normal operating load for design – phased mitigation- to avoid exorbitant cost in mitigation

• Maintaining the level of CP monitoring (DC current density) as per design ( avoid under & over-
protection)

• Regular monitoring of AC PSP during quarterly PSP monitoring, data logging for AC PSP, AC & DC 
Current density at vulnerable locations ( AC Corrosion coupons)

• Augmentation of mitigation wherever required

• Maintaining recommended grounding resistance and replacements/augment wherever required

• Keeping the soft files of software modelling so that to utilize the same for further study  when any 
new powerlines gets added

• Co-relating the external corrosion defects having lower size (L& W) reported in ILI with DCVG/ACVG 
coating defects and verifying some of them



CONCLUSION
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For managing the issues & challenges in the External Corrosion, we have to:

• Continuously explore new ways and methodologies

• Sharing of experiences through such conferences/workshops

• Enhancing the cooperation & coordination among the Oil & Gas industry

• Coordination with agencies such as Central Electricity Authority, Power operators

• Competency development specifically for field personnel 


