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Aging 

Infrastructure

Old pipes prone to leaks 

and failures

Multiple 

Threats

Simultaneous threat like 

corrosion, dent & cracks

Digital 

Ecosystem

Lack of integrated system for 

data management

Manual 

Assessment

Time consuming and personal 

bias

Limited 

Excavation

Difficulty in accessing 

pipes for repairs

Historical 

Records

Huge historical inspection 

records 

Future 

Degradation 

Prediction

Difficulty in future integrity 

assessment

Current Challenges in Pipeline Integrity

Reactive Integrity 

Management
Preventive Integrity 

Management
Predictive Integrity 

Management

Autonomous 

Integrity 

Management



Pipeline Integrity management Workflow

Scada System

Real time monitoring of 

pipeline Operations

CP Monitoring

Regular check of pipeline 

corrosion protection system

Inline Inspection

Inspection using ILI tool

Leak detection

Continuous monitoring of 

pipeline leaks (PIDWS & 

NPW)

PIMS System

Centralised Database for 

integrity data

Drone Inspection

Aerial inspection for 

encroachment

AI Analytics System

Advance analytics for 

Insights

Engineering 

Decision 

Support



Evaluation of Inline Inspection Data

 Inline Inspection (ILI) is technique in which inspection tools ("smart pigs") travel through pipeline to assess its 

condition while the pipeline remains in service. 

 It provides us defect location pipeline along with its sizing.

 Evaluates the overall health of the pipeline. 

 Monitors corrosion growth by comparing successive ILI runs. 

 Enables risk-based maintenance and repair prioritization.

PIMS System

Centralised Database for integrity data

Current Practice



AI system in ILI Defect Matching

Defect Matching Criteria

Longitudinal 

Displacement
1

Angular 

Displacement
2

Section Length 

Deviation
3

Relies on predefined 

engineering tolerance

Follows static Workflow

Lacks inherent feedback 

loops

Rule Based Matching 

Evaluates multiple 

tolerance scenarios

Utilizes multi-parameters 

similarity scoring

Performs feedback from 

validated data

AI Based Matching 

More reliable defect correlation forms foundation for accurate corrosion growth assessment and RLA assessment.



Corrosion Growth Rate Calcaulation

After matching defects, corrosion growth was calculated using single deterministic corrosion rate (CGR).

Methodology

 Match defects between two ILI runs 

 Calculate depth difference 

 Divide by inspection interval 

 Assign one corrosion rate for assessment



Influencing factors in CGR Calcaulation

Single corrosion rate for complete pipeline section will not represent complete pipeline profile.

Transition from single-value corrosion rate to location-specific predictive corrosion modelling.



AI in Corrosion Growth Calcaulation
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 Improved Remaining Life (RUL) estimation

 Better repair prioritization and inspection planning

 Enhanced predictive asset reliability through data-driven 

decision making



Evolution of Corrosion Growth Rate Assessment

From Single Corrosion Rate to AI-Based Predictive Corrosion Modelling

AI/ML Driven 

Corrosion Growth 

Modeling

Advance Techniques

Integrated 

Influencing factors

Sectionalized 

Corrosion rate

Monte Carlo 

Simulation

ML based Trend 

prediction

Coating Type and 

Condition

AC interference & 

Soil parameters

Elevation



Dent Assessment

 Inline inspection survey provides Geometrical anomalies like Dent, ovality, wrinkle and buckles.

 Pipeline pressure fluctuations generate cyclic loading on geometrical anomalies.

 Fatigue damage depends on number and magnitude of pressure cycles, not just the maximum pressure.

 Rain-flow Counting converts pressure history into equivalent fatigue cycles for Spectrum Severity Index 

(SSI) calculation and dent fatigue life assessment.

Rain-flow counting includes four stages.

1. Hysteresis Filtering (Gate Size)

2. Peak-Valley Filtering

3. Discretization (Bin Size)

4. Four-Point Rain-flow Counting

Current Challenges: 

Gate size and discretization bin size are selected based on engineering judgement. 

Parameter selection directly influences: 

1. Pressure cycle count 

2. SSI 

3. Predicted dent fatigue life



Rainflow Counting for SSI

Fixed Bin Size Variable Bin Size



AI Driven Enhancement in SSI calculation 

AI enables data-driven Rainflow Counting, improving Spectrum Severity Index (SSI) calculation 

and providing more reliable dent fatigue life assessment.

Optimizes filtering and 
binning parameters 
using historical 
pressure data. 

Identifies the most 
representative pressure 
cycles

Improves consistency 
and accuracy of SSI 
calculation. 

Enhances dent fatigue 
life prediction and 
repair prioritization



Washout

Washout is erosion or scouring of soil around buried pipeline, primarily caused by River meandering, flooding, leading 

to exposure or unsupported pipeline spans.

Pipeline exposure due to 
riverbed erosion or change 

in river profile

Free-span 
formation and 

increased bending 

stress

Loss of soil 
support and 

stability 

Increased risk of 
mechanical 

damage or third-

party interference 

Potential pipeline 
rupture during 
extreme flood 

events 

Periodic ROW patrols 

Site inspections 

Survey Before and after monsoon 

Reactive identification of washout

Limitation: Changes are often detected after significant erosion has occurred 

Current Practice



 Global Surface Water (GSW) maps provide location and temporal distribution of surface water.

 Historical dataset available for 41 years enabling long-term change analysis. 

 Washout susceptibility evaluated using Land Use/Land Cover (LULC) changes in open surface water. 

 Pipeline GIS alignment overlaid with Global Surface Water datasets for spatial assessment. 

 Pipeline river crossings analyzed against historical and recent water-body changes. 

 Locations showing significant watercourse migration or extent changes identified as potential washout-prone areas.

 Supports risk-based monitoring, targeted field inspections, and proactive mitigation planning.

Washout prediction based on Satellite Imagery

Occurrence
Water 

Change
Seasonality Recurrence

Water 
Transition 

Water 
Extent



Occurrence

Thematic maps and Temporal Profiles

SeasonalityWater Change

Recurrence Water Transition Water Extent



Washout prediction based on Satellite Imagery

 GSW Change Detection indicates transition from seasonal water to permanent surface water, suggesting 

progressive channel expansion.

 100% occurrence water presence signifies stable hydrological regime and require continuous monitoring of the 

pipeline crossing and necessary action.



Washout prediction based on Satellite Imagery

 GSW datasets indicate formation of a new permanent water body with 100% water occurrence, confirming persistent surface 

water.



Future of Pipeline Integrity Management lies in integrating AI, satellite intelligence, 

and predictive engineering to transition from reactive inspections to Autonomous 

Integrity Management.

Conclusion

AI-assisted Inline 

Inspection

AI-enhanced 

Rainflow Counting 

Satellite-based 
Global Surface 
Water (GSW) 

analysis 

Integration of ILI, 
satellite imagery, 

GIS, SCADA, 
and engineering 

models 



THANK YOU
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