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Why River Crossings are Crltlcal

~

Critical Ensures uninterrupted transportation
Network of natural gas across rivers and other
Connectivity water bodies.

Inspection & Underwater conditions make
Maintenance inspection, monitoring, and repair
Challenges technically demanding.
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ACIET R River flow, scour, erosion, and channel . . .
1 ill=]] Mmigration can expose and destabilize | Specialized Reqmre.s h\{dl‘aUllF an.aly5|s,
Vulnerability pipelines. g Engineering geotechnical investigations, and

(et Design adequate burial or HDD installation.
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Asset Continuous monitoring and risk-based
Integrity & maintenance are essential for safe
Reliability long-term operation.
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Incident / Pipeline

Yamuna River Crossing — HDD Punch-in

(20"-NG Pipeline)

Song River Crossing (8"-NG Pipeline)

Ramganga River Crossing, Uttarakhand

(12"-NG Pipeline)

Narmada River Crossing, Bharuch (30"

NG Pipeline)
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Major River Crossing Faillures

Primary Cause

Flash floods, riverbank erosion, and

riverbed scouring due to high river

discharge.

Extreme rainfall, flash floods, and river
course change causing severe riverbank

erosion and ROW washout.

Heavy rainfall, cloudburst, and flash floods
causing severe riverbank erosion, riverbed

scouring, and loss of burial cover.

Extreme flood discharge from Sardar
Sarovar Dam, severe riverbank erosion, and

washout.

Immediate Failure Mechanism & Consequence

HDD punch-in became exposed due to scouring. High-velocity
river flow induced excessive bending and hydrodynamic

stresses, resulting in pipeline rupture.

High-velocity river flow, continuous scouring, and debris
impact generated excessive hydrodynamic and bending

stresses, resulting in pipeline rupture and gas leakage.

Pipeline became exposed due to scouring. High-velocity flow,
buoyancy, vortex-induced vibration (VIV), debris impact, and
hydrodynamic loading created excessive stresses, resulting in

pipeline crack, rupture, and gas leakage.

Around 150 m of riverbank washed away; pipeline became
unsupported, floated, twisted, and fractured at multiple girth

welds due to hydrodynamic and bending stresses.
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SEQUENCE OF EVENTS

Extreme Rainfall / Cloudburst
Flash Flood & High River Velocity

River Meandering /
Shifting of Flow

Stream / River Course Change

Riverbank Erosion &
Riverbed Scouring
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Faillure Mechanisms

FLASH FLOOD &
HIGH RIVER VELOCITY

RIVER MEANDERING /
SHIFTING OF FLUW

——y

b g .
. N """:3# e
. Eudd{-.'n Rise in Water Level 5= *"l_-'ll-
- High Flow Velocity ' ,?-v

= Increased Stream Power _‘3

Loss of Soil Cover &
Pipeline Exposure

Unsupported Span +
Hydrodynamic / Bending Stress

Pipeline Rupture &
Product Leakage

Sediment Load
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Debris Impact

STREAM / RIVER
COURSE CHANGE

. g === PREVIDUS COURSE
— CURRENT COURSE

RIVERBANK EROSION &
RWEHBED SCOURING

Emsmn of Rwerhﬂnh
= Scouring of Riverbed
= Undermining of Soil

PIPELINE RUPTURE & UNSUPF‘DHTEIJ SF'AH +
FR[}DUET LEAKAGE 2 bt HYDRODYNAMIC / BENDING STEESE
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= Llnsulupurtud Pipeline Span
= Hydrodynamic Forces
= Bending Stress on Pipeling

Pipeline Rupture
Product Leaka@e
Environmental Impact
Safety Hazard

DEBRIS IMPACT

= Debris & Floating Objects
= Impact on Pipeline
= Additional Strass

= High Sediment Transport
= Deposition & Aggradation

LOSS OF SOIL COVER &
PIPELINE EXPOSURE

= Loss of Soll Cover
= Pipeline Exposure
= Reduced Support

EROSION CONTROL &
RIVER MAMAGEMENT

MEASURES

ROBUST DESIGN REGULAR
@ & ROUTE @ MONITORING &:
SELECTION INSPECTION

INTEGRITY
MAMAGEMENT & ‘ a

RISK MITIGATION

EMERGENCY
AWARENESS & STAKEHOLDER
RESPONSE ‘ .. ‘ f@
L]

TRAINING COLLABORATION
PLANNING




GAIL (INDIA) LIMITED

_River Crossing Pipeline Failure — Root Cause Analysis_

ENVIRONMENTAL GEOTECHNICAL DESIGN

Cloudburst Riverbank erosion

Short HDD

Flash Flood Riverbed Scouring

Open-cut crossing

Climate Change Loss of Cover

Inadequate burial depth

River Meandering Differential Settlement
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Delayed mitigation S PIPELINE RUPTURE
Risquitsnionionng Hydodynamic loading & PRODUCT LEAKAGE
Fatigue N S
Alarm management
Bending Stress
OPERATION INTEGRITY
- KEY TAKEAWAY N

Extreme environmental
events initiate the failure
sequence.
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the pipeline.

=

Geotechnical instability
exposes and undermines

17

Design limitations
increase vulnerability
at river crossing.

Operational gaps
delay action and
increase risk.

3

Integrity issues under
dynamic loading lead
to final failure.

o Addressing all root causes is critical to prevent pipeline rupture and ensure long-term asset integrity.
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Environmental Factors @ Engineering Factors >

Inadequate design assumptions and structural
deficiencies compound environmental stresses,
accelerating failure in river-crossing pipelines.

River-crossing failures are frequently driven by
natural forces that erode pipeline supports and
destabilize surrounding soils over time.

Riverbed scouring and sediment erosion Underestimated wall thickness and insufficient
undermine pipeline burial depth and protective corrosion allowances reduce structural resilience.
cover.

Span length exceedances and unsupported

Hydraulic flood forces and hydrodynamic pressure crossings lead to fatigue and mechanical
impose extreme lateral and uplift loads. overstress.
Geotechnical instability and liguefaction of Legacy design codes lacking flood-return period

riverbank soils cause displacement and buckling. criteria fail to account for extreme hydrology.
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Challenges & Practical Limitations

Yamuna River, Jun-2011 | Legend l Yamuna River, Mar-2025 . Legend
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(Upstream riverbank shifted by ~ 150 m since 2011)
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Challenges & Practical Limitations

Ramganga River (2025)

* Extreme weather caused severe river scour.

* Riverbank erosion exposed the pipeline.

e Gas supply to consumers was disrupted.
 Long HDD executed for permanent restoration.
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River Crossing
Methods

Conventional Methods

Open Cut: Most economical method involving direct excavation
of the riverbed. Causes significant environmental disturbance
and is suitable for smaller, shallower rivers with manageable
flow.

Pipe Bridge: Easy to inspect and maintain, with no riverbed
disturbance. Exposed to external corrosion, wind, and flood
loads. Requires regular structural and coating assessments.

Directional Bore: Moderate cost trenchless option with limited
applicability to larger diameters. Suitable for shorter crossings
with stable soil conditions and moderate depth requirements.

Key Consideration: HDD and micro tunneling are preferred for
major rivers due to minimal environmental impact and superior
protection against scour and flood exposure.

“ Trenchless Methods

Horizontal Directional Drilling (HDD): No river disturbance,
greater burial depth, and long design life. Higher cost and
requires detailed geotechnical investigation. Preferred for
major river crossings.

Micro tunneling: Highly accurate trenchless method suitable
for complex urban and sensitive environments. Expensive and
requires specialized equipment. Ideal where precise alignment
Is critical.

Selection Criteria: Method choice depends on river width,
depth, soil profile, pipeline diameter, environmental sensitivity,
budget, and long-term integrity requirements.

Industry Trend: Trenchless technologies are increasingly

mandated for crossings on ecologically sensitive or high-
consequence river corridors across India.
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1. Climate Change

Increasing flood
intensity and extreme
weather events lead
to higher probability
of pipeline failure.

4. Open-Cut
Crossings

Open-cut river
crossings are highly
vulnerable and have
reduced long-term
resilience.

KEY LESSONS LEARNED

2. River Migration

River migration and
channel shifting

were underestimated
during design, causing
pipeline exposure.

5. Delay in HDD
Reinstallation

— — — ——

3. Temporary
Mitigation

Temporary mitigation
measures were
inadequate; permanent
rehabilitation became
necessary.

Delay in implementing
HDD reinstallation
increases the risk of
asset failure.

6. Continuous
Monitoring

Continuous monitoring
and inspection are
essential for improved
long-term safety and
reliability.

IMPACT: 0

of pipeline failure

Pipeline exposure
and asset risk

Higher probability

| &

Meed for permanent
rehabilitation

Improved long-term
integrity & reliability




PUNCH-IN POINT

2100 m FROM
RIVER BANK

TYPICAL RIVER CROSSING — TRENCHLESS METHOD (HDD)

FLOW
DIRECTION

!
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I
HDD DEPTH =
MAX. SCOUR DEPTH + 2.5 m

BURIED PIPELINE
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Desigh Requirements for New River Crossings

PUNCH-0UT POINT

=100 m FROM
RIVER BANK
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1.

SITE SELECTION

Cross straight river reaches at an angle close to 90°
Avoid meandering sections

Avoid crossings downstream of dams/barrages
Avoid pipeline alignment parallel to rivers

2.
Ko :

PERENNIAL RIVERS - CROSSING METHOD

Prefer Trenchless methods: HDD / Micro-tunneling
Single stretch trenchless method preferred

If not feasible, alternate method with engineering assessment
and approval (ED / Equivalent level)
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DESIGN DEPTH REQUIREMENT

Minimum HDD [/ Micro-tunneling depth from bank to bank =
Maximum Scour Depth (from lowest river bed) + 2.5 m

. HYDROLOGICAL DATA & STUDY

Use historical hydrological data for maximum available period:
HFL, Max. Flow, Scour Depth, River Width, Meandering etc.

Study river behavior (bank erosion, scour rate, meandering)
for next 25 years
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PUNCH-IN & PUNCH-OUT POINT

Punch-in & Punch-out point from river bank (as per design)
should be 2100 m or as per design requirement, whichever is higher

MARKING & IDENTIFICATION

After completion, riverbanks & hook-up points shall be geo tagged
Install physical markers (preferably with RFID) for identification

& tracking of riverbank erosion in future
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Design Requirements for Non-Perennial Rivers i

. Large Non-Perennial Rivers “mall River/Stream Crossings
If Scour Depth >2.5 m & Width 2100 m  Open-cut method permitted
* Prefer HDD/Micro-tunnelling -rotection Measures
* IfHDD not feasible: * Anti-buoyancy measures across entire
 Open-cut with Scour Depth + 3.5 m crossing
cover * Concrete Weight Coating
* Engineering assessment & approval e Anchors
required » Additional soil cover where required
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data with previous inspections

¢

onitoring & Inspection

J Geo-tagging & RFID markers

River banks
HDD/Open-cut
tie-in points

Pipelines parallel to rivers

[ Satellite & Drone monitoring
JPre- & Post-monsoon depth

cover survey (every 5 m)Compare
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itigation Measures
d Monitor bank erosion & river
migration
JProtect vulnerable crossings:

e Bank and Bed protection

e Re-routing

e Longer HDD where required
d Monitor areas near:

e New dams/barrages, Check dams
Sandbag

e Gabion walls ,

protection

onsoon Preparedness
Enhanced monitoring during
monsoon

Coordinate with:

* Irrigation Department

* District Administration
 NDRF/SDRF

Emergency response planning
for river crossings

Hydrological study for the

effect of new dam/barrage on

perennial river within 100 km.
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Design & Construction
Standards

Conduct detailed hydrological and geotechnical

studies before route selection and design
finalization.
Apply climate-resilient design criteria

accounting for future flood intensities and river
migration scenarios.

Ensure adequate burial depth with rock armoring
or concrete coating; prefer HDD on major river

crossings.

Integrate GIS-based risk mapping for real-time
monitoring and  prioritization of  high-risk
Crossinas.
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Best Engineering Practices for River

Crossings

Monitoring &
Management Practices

Implement regular bathymetric surveys to
detect riverbed changes and scour progression
around crossings.

Perform periodic in-line inspections (ILI) and
enforce Immediate post-flood inspection
protocols.

Conduct routine cathodic protection (CP) surveys
and coating assessments to prevent external
corrosion.

Adopt risk-based inspection (RBI) frameworks
aligned with climate resilience and integrity

Integrity & Rehabilitation

Risk-based maintenance programs
prioritizing high-consequence crossings.

Prefer trenchless crossings (HDD) on major
rivers where feasible.

Integrate  integrity management with
climate resilience strategies.

Adopt digital tools: smart pigging, SCADA,
and fiber optic sensing (PIDS)

management plans.

™
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Advanced Inspection Technologies

|.| ROV & LiDAR

ROV (Remotely Operated Vehicle) enables real-time
underwater visual inspection of submerged pipeline sections,
joints, and coatings in river crossings.

Detects free spans, corrosion, and structural anomalies
without diver intervention

LIiDAR (Light Detection and Ranging) delivers precise aerial
terrain mapping of riverbanks, floodplains, and above-ground
pipeline corridors.

|ldentifies bank erosion, slope instability, and encroachment

risks with rapid aerial survey capability

Sonar & GIS

Multibeam Sonar provides high-resolution 3D riverbed
profiling to detect scour, sediment movement, and pipeline
exposure beneath waterways.

Maps scour depth and river morphology changes with
centimeter-level accuracy

GIS (Geographic Information System) integrates multi-source
inspection data for real-time risk mapping, monitoring, and
integrity management.

Enables spatial risk analysis, flood modelling, and
prioritization of inspection and maintenance activities
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Future
Innovations

Emerging technologies are transforming how we design, monitor, and
maintain river-crossing pipelines — enabling predictive, real-time, and
autonomous integrity management.

Digital & Al-Driven Technologies

Digital Twin for real-time pipeline and river simulation
Satellite monitoring and Al-based flood prediction

Machine learning risk models for predictive maintenance

Advanced Sensing & Robotics

Next-generation sensing and robotic
platforms enable continuous, autonomous
monitoring of pipeline integrity in
challenging underwater and remote
environments.

Fiber optic sensing for real-time strain and
temperature

Autonomous underwater robots for remote
inspection

Predictive maintenance platforms
integrating SCADA and ILI data
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Conclusion

River crossings are the highest-risk sections in pipeline networks, demanding robust
design, advanced trenchless rehabilitation, and continuous integrity assessment.
Integrating digital tools, climate-resilient design, and timely action is essential for safe and

reliable operations.

Key Takeaways

Adopt advanced trenchless technologies (HDD) for rehabilitation. Innovative reinstallation techniques minimize project risk, time, and environmental

impact.

Integrate Digital Twin, Al, and fiber optic sensing for monitoring. Learning from failures builds resilient pipelines for future environmental challenges.

Commit to climate-resilient design and continuous integrity assessment. Robust engineering design and proactive monitoring are essential for reliable river-
crossing pipelines..

Every pipeline failure is an opportunity to strengthen engineering practices, improve asset integrity, and build a
safer, more reliable energy transportation network

Safe Design - Smart Execution - Continuous - Sustainable
Manitorina Asset Intearity
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River-Crossing Pipeline Failures

THANK
YOU
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