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About CGD Network & Infra

❑ Overview of CGD Networks

Natural gas industry, especially City Gas Distribution (CGD) networks, are 

operate in densely populated areas. Learning from past incidents is the 

foundation of modern safety management.

CGD networks are designed to supply natural gas to domestic, 

commercial, industrial, and transport sectors in GA. Steel and MDPE 

Networks are laid for gas distribution, which are operating at different 

Pressures.
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CGD Operations of IGL

Rajasthan

⚫Pali (10th Round)

⚫Rajsamand

⚫Ajmer

Haryana

⚫Kaithal (10th Round)

⚫Karnal (8th Round)

⚫Rewari (6th Round)

Uttar Pradesh

⚫Kanpur, Hamirpur & 

Fatehpur (10th Round)

⚫Muzaffarnagar, Meerut & 

Shamli (9th Round)

⚫Banda, Chitrakoot 

Mahoba

Delhi NCR

⚫Delhi

⚫Gurugram

⚫Gautam Budh Nagar

⚫Ghaziabad & Hapur

Geographical Areas of Operations

Total GAs: 11
Total Districts: 32
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IGL Infrastructure

Infra / Customers
Measurement 

Unit
Length / Nos

Steel Pipeline Kms 2498

MDPE Pipeline Kms 30,850

CNG Stations Nos. 959

LNG Stations Nos. 1+3

PNG Domestic Lakhs 31.78

Industries Nos. 5,386

Commercials Nos. 7,305

11 GAs 
4 

States

32 

Districts
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As per the “Oxford Dictionary”, the literary 

meanings of Integrity are:

a)The quality of having strong  moral principles

b)The state of being whole - 

• the condition of being unified

• sound in construction - Internal consistency

What is Pipeline Integrity ?

Pipeline Integrity is-

• “Ability of a pipeline to contain the product in 
required circumstances”
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Why Pipeline Integrity ?

Safe operations

Customer satisfaction

Employee motivation

Profit  maximization

Environment protection

Good company reputation
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It starts with -  

Pipeline Integrity Management

8

Proper planning

Sound design

Right material selection

Good construction 
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Integrity Management Plan

A) Identifying potential pipeline threats

B) Gathering, reviewing and integrating 

data

C) Carrying out risk assessment

D) Carrying out integrity assessment

E) Monitoring & Maintenance to ensure 

Pipeline Integrity
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A) Integrity Threat Identification

First step in managing integrity is 

identifying potential threats to pipeline  

integrity.

Conditions likely to increase the risk of 

pipeline failures are referred as threat.

Each root cause represent threat to 

pipeline integrity.

Threats are identified by operator on 

segment basis.
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Types of Threats

1.Time Dependent

2.Time Independent

3. Stable
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Types of Threats

pendent
• External 

Corrosion

• Internal 

Corrosion

• Stress 

Corrosion

Stable 
• Manufacturing related

• Defective pipe seam

• Defective pipe

• Equipment related

• Gasket O ring failure

• Control/relief  equipment 
malfunction

• Seal/ pump packing failure

• Miscellaneous

• Welding/fabrication 

related

• Defective pipe girth weld 

• Defective fabrication weld

• Wrinkle bend/buckle

• Stripped threads, broken 
pipe/coupling

• Third party  / 

Mechanical damage

• Damage inflected by first, 
second or third parties 
(instantaneous /immediate 
failures)

• Previously damaged pipes

• Vandalism

• Incorrect Operational 

procedures

• Weather related and 

Outside force

• Cold weather, heavy rains, 
lightening, earth movement

Time 

Dependent Stable
Time 

Independent
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Time Dependent

1. External Corrosion

2. Internal Corrosion

3. Stress Corrosion Cracking
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Time Dependent Threats
Corrosion in Pipelines

SCC
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Time Independent 

1.Third party  / Mechanical damage

• Damage inflected by first, second or third parties 

(instantaneous /immediate failures)

• Previously damaged pipes

• Vandalism

2.Incorrect Operational procedures

3. Weather related and Outside force

• Cold weather, heavy rains, lightening, earth movement
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Time Independent Threats

Mechanical Damage

Mechanically Damaged 

Pipeline
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Stable 

Manufacturing related

Defective pipe seam

Defective pipe

Equipment related

Gasket O ring failure

Control/relief  equipment malfunction

Seal/ pump packing failure

Miscellaneous

Welding/fabrication related

Defective pipe girth weld 

Defective fabrication weld

Wrinkle bend/buckle

Stripped threads, broken pipe/coupling
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Stable Threats

Axial Groove

Circumferential Groove

Cavern

Abnormal Girth Weld



1919

Click to edit Master title style

19

Elements of Pipeline Integrity Management 

Program includes following :

B) Managing System Integrity 
ASME  B31.8S

19

Integrity 

Management 

Plan

Performance 

Plan

Communication 

Plan

Management of 

Change Plan

Quality Control 

Plan

1 2 3

4 5
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C) Carrying out Risk Assessment

Risk  = Probability of Failure x  Consequence of Failure

9

Risk  = ∑  (Pi x Ci ) for threat categories 1 to 9

            i=1

Where,

 C   =  Failure consequences

 P   = Failure likelihood

 1 to 9 = Failure threat category
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Risk 

4

3

2

1

A B C D

Probability   High

C
o

n
s
e

q
u

e
n

c
e

  
H

ig
h

Extreme Risk - 

Extensive risk  controls 

must be applied

High Consequence -  

Risk controls required.

Moderate Risk - Some 

risk controls required

Low Risk - Risk 

controls may be 

justified
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D) Carrying out Pipeline Integrity 
Assessment for Non Piggable Pipeline

Immersed 

ultrasonic In-line 

Inspection

2.

Hydro Testing

1.

Direct 

Assessment

4.

Magnetic 

Tomography 

Method

3.

• At present  following methods are available in industry for Health Assessment 

of CGD’s steel pipeline network. 

• Destructive Method – By doing Hydro testing

• Intrusive Method – By doing UT-ILI (Non conventional Pigging)

• Non-intrusive Method – By doing scanning of P/L using MTM or by doing DA
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Pressure Test Program 

•Determines the strength of the pipe 

•ASME B31G based on remaining strength as 
confirmed by pressure testing to 1.39 times 
MAOP 

•May be most appropriate for stable threats and 
time-dependent threats ,but it is destructive 
way of testing

Hydro Testing
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Conventional In-Line Inspection By 
Intelligent Pigging (Intrusive Method)

FOAM PIG GUAGE PIG BRUSH/ MAGNETIC PIG

EGP CDP Axial Defect Detection Tool

PIPELINE SECTION
LAUNCHER 

SIDE

RECEIVER 

SIDE

GAS FLOW



2525

Click to edit Master title style

25

Capability of Intelligent Pig

S.No Types of defect
Detectable 

by CDP

Detectable by 

ADD tool

1 General corrosion

2 Pitting corrosion

3 Mechanical damages

4 Laminations

5 Circumferential cracks

6 Girth weld defects

7 Bulges, dents, ovalities.

8 Pipe wall thickness

11 Manufacturing defects

12 Metallic objects near pipeline.

13 Axial cracks

14 Longitudinal seam weld defects

15 Stress corrosion cracking

v

v

v

v

v
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• This free-swimming tools are extremely light weight, extremely 
short in length, easy to handle, capable of negotiating back to back 
1D bends and should not require any trailing umbilical / tether for 
bi-directional navigation capabilities of doing in-line inspection of 
non-piggable pipelines. 

• This technology is capable of identifying the mechanical damage, 
external/internal corrosion, heat affected zones etc using a direct 
measurement principal in a single inspection pass.

• After inspection, API 579 Level 2 certified Fitness for Service (FFS) 
assessment as a final report will be generated. This FFS assessment 
results will allow us to make immediate decisions about whether to 
operate as-is, repair certain section, retire or rerate the inspected 
pipeline.  

In-line inspection of non-piggable pipeline by using free-swimming 
high fidelity Immersed Ultrasonic inspection technique”.
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Technology Origin -Immersed Ultrasonic inspection technique

 Free Swimming UT Furnace Tube 
Inspection System – designed to 
fully navigate short radius - 1D 
serpentine coils in both radiant 
and convection sections
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In-line inspection of non-piggable pipeline by using free-swimming 
high fidelity Immersed Ultrasonic inspection technique”.

• High-fidelity ultrasonic inline inspection 

tool can be used for Non-piggable and 

difficult pipelines of 3” – 14” inch 

diameter

• Capable of giving absolute wall loss 

and full geometry dimensions in a 

single pass 

• Capable of giving Circumferential, 

longitudinal location of defects with 

referencing
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Intelligent Pigging - Immersed Ultrasonic inspection technique
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❑ In this inspection technique we first modify the pipeline to provide temporary 

pig launcher trap and receiver trap at end points (if pig traps are not available).

❑ The inspection tool is highly piggable and less prone to debris than other 

conventional ILI tool.

❑ For cleaning of pipeline the Nitrogen batching is used.

❑ In this inspection technique we uses liquid batching of pipeline either with 

Diesel or Methanol or water for free-swimming of inspection tools.

❑  The Ultrasonic inspection tool is provided with multiples sensors which are 

close enough to each other to provide complete overlapping coverage of the 

entire circumference of the pipe wall.
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Intelligent Pigging - Immersed Ultrasonic inspection technique

30

The Reporting Deliverables;

❑ This inspection technique determine the fitness of  inspected pipeline for 

continued service

❑ The remaining strength Factor for each pipeline segment and major features

❑ The Maximum allowable Operating Pressure for each pipeline segment

❑ Potential limitations to the safe and reliable operation of inspected pipeline

❑ Features of pipeline requiring higher level evaluation and assessment  
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In-line inspection of non-piggable pipeline by using free-swimming 
high fidelity Immersed Ultrasonic inspection technique”.
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In-line inspection of non-piggable pipeline by using free-swimming 
high fidelity Immersed Ultrasonic inspection technique”.
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Intelligent Pigging - Immersed Ultrasonic inspection technique

Launcher

•  Minimal working area

•  Minimal trap length

•  Unbarred 6” x 6” (150mm) 

   tee at  6 o’clock

Receiver

•  Minimal nominal pipe after 

   valve

•  Minimal trap length

•  Line was not properly 

   cleaned  prior to ILI
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Direct Assessment

External 

Corrosion Direct 

Assessment       

(ECDA)

Internal 

Corrosion Direct 

Assessment        

(ICDA)

Stress  

Corrosion 

Cracking Direct 

Assessment        

( SCCDA)  
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DA Model Process

•Data collection and assessment, Selection of DA 
regions,  selection of  appropriate IDI tools

Pre 

Assessment

•Above ground inspection for ECDA, Corrosion flow 
modeling for ICDA,Terrain modeling for SCCDA, future 
threat area identification for potential corrosion 
locations 

Indirect 

Inspection

•Dig site verification, Coating assessment, Corrosion  
assessment, NDE, Remaining Strength calculation

Direct 

Examination

•Reassessment Intervals, Remaining Life, DA 
effectiveness & Health assessment 

Post 

Assessment
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Direct Assessment Standards

❖ NACE SP 0502-2008 :  ECDA

❖ NACE SP  0206-2006 :  Dry Gas ICDA

❖ NACE SP 0208-2008 :  Liquid petroleum ICDA

❖ NACE SP  0110-2010 :  Wet gas ICDA

❖ NACE SP  0204-2008 :  SCCDA 
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• The Magnetic Tomography Method (MTM) works on 
magnetic stress technology, is a non-intrusive solution 
for health assessment and defect identification of old 
steel pipeline network. 

• This technology is based on magnetic stress principal 
and is able to detect all types of defects whether 
internal or external. The detectable defects are as 
follows:

Metal loss anomalies, Crack like defects anomalies, Geometry changes 
anomalies ,Discontinuity anomalies, Weld anomalies, Elevated Stress 

Deformed State Anomalies, Mechanical damages like dent etc.

Health Assessment of Pipeline by using Magnetic Stress Technology
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• The Magnetostriction is a property of 
Ferromagnetic material that causes them to 
change their shape or dimensions during the 
process of magnetization. 

• When metallic pipeline is buried in earth it got 
magnetized by earth’s magnetic field and if any 
metal loss or dent occurred on the pipe ,it will 
change it natural magnetic field (ie. inverse 
Magnetostriction) and this distortion in natural 
magnetic field can be detected by MTM tool.

Health Assessment of Pipeline by using Magnetic Stress Technology
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Health Assessment of Pipeline by using Magnetic Stress Technology
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Pictures of Health Assessment of Pipeline by using Magnetic Stress 
Technology
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Pictures of Health Assessment of Pipeline by using Magnetic Stress 
Technology
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Electrical Resistance Probe Monitoring System

• It is  Electrical 
Resistance 
Monitoring System.

• Broadly it consist of 
Data Logger, Probe 
holder and flange.

• It consist of a 
Electrical Resistance 
Bridge used for 
calculating Corrosion 
Rate.

DATA LOGGER

PROBE HOLDER

FLANGE FITTING
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Picture of ER Probe & Corrosion Coupon
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CGD entity should implement Integrity Management Plan (IMP) and 

following conventional things to be done to ensure the Integrity of Pipeline 

❑Monitoring of Cathodic Protection System 

❑ Anode Bed Resistance Survey

❑ Coating Health Survey 

❑ Corrosion Survey like Close interval Potential Logging Survey (CIPL) & 

Direct Current Voltage Gradient Survey (DCVG)

❑ Functional testing of Valves

❑ Pipeline Thickness Survey

❑Odorant smell survey

❑ Inspection of Third Party work

❑ Round the clock pipeline patrolling with Integrated security system

❑ GIS mapping of Pipeline network

 

PIMS as per IGL Prospective 
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Frequency of various surveys  

Activities                                     Frequency

1. PIPELINE PATROLLING   24x7 

2. CIPL                       05 YEARS 

3. DCVG                                    05 YEARS

4. HEALTH ASSESSMENT OF PIPELINE  10 YEARS

5. COATING PEEL-OFF TEST         As & when Reqd. 
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The Invisible Threat: AC Interference

Inductive Coupling

When gas pipelines run parallel to High Voltage 

AC (HVAC) transmission lines, the magnetic field 

induces voltage onto the pipeline.

Dual Risks

Safety Hazard: High induced voltages can 

create dangerous "touch potentials" for 

personnel working on the line.

AC Corrosion: Even low steady-state AC 

voltage can cause rapid corrosion at coating 

defects, severely reducing asset life.
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AC Mitigation Engineering

1. Modeling & Simulation
Using advanced software to map the corridor and 

predict induced voltage peaks before 

construction.

2. DC Decouplers

Installing solid-state devices that block DC 

(preserving cathodic protection) while safely 

shunting dangerous AC induced current to the 

ground.

3. Zinc Ribbon Anodes

Laying continuous grounding systems parallel to 

the pipeline to dissipate AC interference 

effectively.
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Why We Must Learn: The Criticality of Incident Analysis-

❑ Goal is To move from reactive firefighting to proactive risk mitigation.

❑ CGD networks are high-risk (high-pressure, dense population). A single 

incident can have catastrophic consequences (life, property, reputation).

❑ Scope is Reviewing four major incident categories: Third-Party Damage 

(Sabotage), Operational Failure, Maintenance Failure, and Natural 

Calamity.

❑ Outcome is Establishing best practices for Asset Integrity Management.

Learning from Incidents
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Third-Party Damage (TPD): The Leading Threat. Damage to underground 

pipelines (MDPE or Steel) by other utility workers, construction crews, or 

homeowners using heavy machinery without knowing the gas line location.

Cause: Unauthorised excavation (often by other utilities/contractors) accounts for 

the majority of CGD pipeline damage.

Consequence: Immediate gas release, fire/explosion risk, and significant supply 

disruption.

Lessons Learned & Mitigation:

• 'Dial Before You Dig' (DBYD): Make this a mandatory protocol with legal 

teeth.

• GIS Mapping: Provide accurate, real-time pipeline location data to all 

stakeholders.

• Visual Warning: Use high-visibility marker tapes and route markers.

• Vigilance: Enhanced pipeline patrolling and public reporting incentives.

Incident Category 1: Third-Party Damage 

(TPD) / Sabotage
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Pilferage / Sabotage: Unauthorized tapping, theft attempts, or intentional damage 

to gas infrastructure (pipelines, DRS, MRS) leading to leaks, fire, or explosions.

Cause: Unauthorized tapping, theft attempts, or intentional damage 

Consequence: Immediate gas release, fire/explosion risk, and significant supply 

disruption.

Lessons Learned & Mitigation:

• Physical Security: Robust fencing, lighting, and surveillance (CCTV) at 

above-ground facilities (DRS/MRS). 

• Regular Patrolling: Increased and unpredictable patrolling of pipeline routes, 

especially in remote or known high-risk areas. 

• Public Awareness: Educating the public about the dangers of tampering and 

the legal consequences.

Incident Category 1: Third-Party Damage 

(TPD) / Sabotage
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Operational Failures: These stem from issues within the operator's control, 

often due to human error, equipment failure, or poor procedures.

Cause: Human error, Equipment failure, Poor procedures. 

Consequence: Immediate gas release, fire/explosion risk, and significant supply 

disruption.

Lessons Learned & Mitigation:

• Standard Operating Procedures (SOPs): Ensure they are simple, current, and 

followed rigidly.

• Training & Competency: Focus on simulator/scenario-based training for 

critical tasks.

• Automation: Utilize SCADA systems for real-time monitoring and automatic 

shutdowns (interlocks).

Incident Category 2: Operational Failures: 

Human Error and System Deviation
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Maintenance Failures: Corrosion and Equipment Degradation are the reasons for 

Maintenance & asset Integrity Failures.

Cause: Incidents arising from a failure to identify or rectify component degradation.

Corrosion: Pitting or stress corrosion cracking (SCC) leading to pipeline rupture.

Regulator/Valve Failure: Safety devices (PRVs, SRVs) failing to actuate, causing 

over-pressure.

Material Defects: Using substandard pipe or fitting material.

Consequence: Immediate gas release, fire/explosion risk, and significant supply 

disruption.

Lessons Learned & Mitigation:

• Corrosion Protection: Robust Cathodic Protection (CP) system monitoring and 

maintenance.

• Preventive Maintenance (PM): Time-based replacement/overhaul of critical 

components (regulators, filters, etc.).

• Inspection Tools: Mandatory use of Intelligent Pigging and Non-Destructive 

Testing (NDT) for early defect detection.

Incident Category 3: Maintenance Failures 

& Asset Integrity
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Natural Calamities: Natural hazard triggering a Technological disaster (e.g., a flood 

causing pipeline erosion)..

Cause: Earthquakes, Floods/Erosion of soil around above-ground or shallow-buried 

pipelines (e.g., near river crossings), exposing and damaging the line. Extreme 

Weather (Cyclone, etc.) damage to above-ground installations (like telemetry posts - 

TLP) or system shutdowns due to severe storms.

Consequence: Immediate gas release, fire/explosion risk, and significant supply 

disruption.

Lessons Learned & Mitigation:

• Seismic Design: Using flexible pipe joints and routing pipelines away from high-

risk fault lines or unstable slopes where possible. 

• Material Choice: Utilizing materials and joining techniques that can withstand 

greater ground strain.

Incident Category 4: Natural Calamity
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Lessons Learned & Mitigation: Continue…

• Deep Burial/Encasement: Burying pipelines at a greater depth or encasing them in 

concrete in areas prone to erosion (river/canal crossings). 

• Monitoring: Regular inspection of pipeline crossings and riverbanks for signs of 

soil erosion.

• Risk Analysis: Incorporating climate change and extreme weather scenarios into 

Quantitative Risk Assessment (QRA). 

• Emergency Response: Pre-positioning resources and developing a robust disaster 

management plan for quick isolation and repair.

• Route Selection: Avoid high-seismic zones or unstable slopes where feasible.

• Design: Use high-toughness, flexible pipe material and deeper burial/concrete 

encasement in high-risk zones.

• Disaster Management Plan (DMP): Pre-identified isolation points and pre-

positioned repair kits for rapid response.

Incident Category 4: Natural Calamity
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The Path Forward: Integrated Safety Management (ISM) is a systematic approach 

designed to integrate safety and environment protection into all management work 

practices at every level of an organization. Objective is to accomplish the mission 

while protecting the public, workers and the environment.

Pillars of ISM:

Technology: Implement Advanced Pipeline Integrity Management Systems (PIMS) 

and SCADA.

People: Foster a strong safety culture; zero tolerance for procedure violation; 

mandatory, continuous training.

Public/Stakeholders: Aggressive public awareness campaigns and mandatory 

coordination with municipal authorities (DBYD).

Regulatory Compliance: Rigorous internal and external safety audits to ensure 

adherence to global and national standards.

Integrated Mitigation Strategy (The Solution)
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Incident at NHAI Construction site

• Location: Back side of 
Kay Adhoc HPCL Petrol 
Pump, NH-48, Rangpuri, 
Delhi.

• Incident: Damage of the 
4” steel gas pipeline due 
to soil collapse.

• Due to deep excavation 
work carried out by 
NHAI for tunnel 
construction adjacent to 
the gas pipeline, the 
surrounding soil 
collapsed resulting in 
puncture and rupture of 
the pipeline.

No injuries reported 
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Short Circuiting of U/G Power cable 

• Incident :  4’’ Steel Gas 
Pipeline Punctured due to 
excessive heat generated 
by shorting of cable.

• Damage of pipeline was 
caused due to adjacent 
TPDDL Electric transformer 
& subsequent power cable 
failure beneath the Gas 
Pipeline.

No injuries reported 
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Natural gas pipeline leak                
Nagaram village in AP - June 27, 2014 

15 people killed 26 people injured
http://timesofindia.indiatimes.com/india/15-killed-in-GAIL-pipeline-blaze-in-

East-Godavari-village/articleshow/37345246.cms
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Natural Gas Pipeline Catches Fire in South Delhi, 
January 16,2015 

http://www.ndtv.com/delhi-news/in-south-delhi-gas-pipeline-catches-fire-728034

No injuries reported 
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Conclusion: Commitment to Zero Incidents.

Summary:

Prevention is Paramount: The vast majority of incidents are preventable 

through robust procedures and technology.

Continuous Improvement: Incident analysis is not a blame exercise; it's a 

tool for organizational learning.

Conclusion & Key Takeaways

Third-Party Damage
Aggressive 'Dial Before You Dig' (DBYD) adoption, Joint Utility Coordination, 
and Surveillance.

AC Interference Proactive AC modeling and installation of Decouplers/Grounding systems.

Infrastructure
Leveraging DPI Scheme for Green Energy and Single-Window RoW 
clearance.

Regulatory Strict adherence to IMS protocols and Digital Compliance reporting.
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Last Thought

   Managing integrity  is an investment in 
asset protection that would result in cost 
savings because, when integrity  is 
managed, the cost of failure is saved.
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