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Pipeline infrastructure in India & benefits of pipeline transportation

Introduction of Natural Gas Pipelines & Typical Pipeline Schematic

Scale and Complexity of Major Pipeline Projects

Typical Phases of Pipeline Project Execution & Key Challenges Faced

Technical and Construction Challenges & Class Location Determination

Pipeline Construction and Innovative Construction Techniques

Hydrostatic Testing of Pipelines and Conclusion
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PIPELINE INFRASTRUCTURE IN INDIA
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BENEFITS OF PIPELINE TRANSPORTATION

❑ Least Energy Requirement (Approx. 0.5% – 2% compared to 

3.2% in road)

❑ Negligible loss of product in transit (0.15% of volume 

transported through pipelines Vs 0.35% to 0.5% in Rail Road)

TRANSMISSION LOSSES ARE LOWEST IN 

PIPELINES

32%

32%

26%

10%

Modes of Transportation-India

Pipelines Road Tankers Rail Tankers Waster Carriers

68%
3%2%

27%

Mode of Transportation in USA

Pipelines Road Tankers Rail Tankers Water Carriers

❑ Pipelines have become significant propeller in country’s progress.

❑ India needs huge network of pipelines to meet countries energy demand. 
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INTRODUCTION OF NG PIPELINES

Importance of Natural Gas (NG) as a clean energy source

❑ Natural gas emits 40–50% less CO₂ than coal and 20–30% less than oil and acts as a 

transitional fuel between conventional fossil fuels and renewable energy.

❑ Produces negligible sulphur dioxide (SO₂), PM, and NOx compared to coal and diesel and 

helps to reduce urban air pollution and public health costs.

❑ Drives industrial growth (fertilizers, petrochemicals, power, CGD).

❑ Key fuel in smart city and urban clean energy programs.

❑ CNG is a viable fuel for public and commercial transport and reduces vehicular pollution in 

cities.

Strategic Relevance of NG Pipeline Infrastructure

❑ Ensures reliable, uninterrupted supply of natural gas across regions. Reduces dependence 

on imported crude oil and liquid fuels. 

❑ Strengthens resilience against global energy price volatility and supply shocks.

❑ Physical infrastructure required for realizing India’s vision of a Gas-Based Economy. 

Facilitates wider access to affordable, clean energy for industries, transport, and 

households.

❑ Promotes economic integration and balanced regional development.

❑ Supports Make in India, Atmanirbhar Bharat, and Sustainable Development Goals (SDGs).

Global Energy Mix

Pipelines remain an indispensable part of the energy sector, balancing efficiency and 

sustainability while adopting to evolving energy needs and environmental challenges.
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TYPICAL PIPELINE FACILITIES – SCHEMATIC

DT : Dispatch Terminal

SV : Sectionalizing Valve Station

CS : Compressor Station

IPS : Intermediate Pumping Station

RT : Receipt  Terminal
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SCALE AND COMPLEXITY OF MAJOR PIPELINE PROJECTS

❑ Pipelines often span hundreds to thousands of kilometers, crossing multiple states, 

terrains, and climatic zones.

❑ Require coordination with central & state governments, local bodies, and landowners, 

forest departments, urban authorities, MoEFCC, NHAI, Railways, PWD, etc.

❑ Requires dozens of clearances (EC, FC, CRZ, defense NOC, etc.) across jurisdictions.

❑ Involves diverse crossing methods: Open-cut, HDD, Micro-tunneling for rivers, roads, 

railways, canals. 

❑ Requires specialized handling equipment in mountainous regions, seismic zones, 

wetlands, and dense urban pockets.

❑ Tens of thousands of pipes, valves, bends, and components sourced, stored, and 

transported.

❑ Engagement of large workforce across remote areas for long durations under variable 

conditions.

❑ High need for advanced digital monitoring, GPS-enabled inspections, and real-time 

dashboards.

❑ Complex scheduling to avoid monsoon, festivals, election periods, or farming cycles.

❑ Capital-intensive projects involving ₹1,000–₹10,000+ crore investments.

❑ Must comply with PNGRB, MoEFCC, OISD, and international safety and engineering 

standards.
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TYPICAL PHASES OF PIPELINE PROJECT EXECUTION

❑ Feasibility & Route Survey

➢ Technical Feasibility (Assess terrain, soil type, existing infrastructure, 

pipeline diameter, pressure, compressor locations, special crossings  like 

rivers, roads, railways, urban areas. 

➢ Economic & Financial Feasibility: Cost–benefit analysis of alternate 

routes

➢ Route Survey Activities: Survey using toposheets, satellite maps, 

cadastral data, Soil resistivity and geotechnical tests.

➢ Corridor Optimization: Minimize length and number of crossings, Avoid 

ecologically sensitive zones, populated areas, and utility-dense corridors. 

➢ Stakeholder Coordination: Consult with Forest Department, Revenue 

Authorities, Railways, NHAI, and others

❑ Engineering & Design

➢ Defines pipeline diameter, wall thickness, material grade, and operating 

pressure,

➢ Design for class location to ensure wall thickness and valve spacing

➢ Aligns with standards like ASME B31.8, OISD, API RP 1102, 

➢ Selection of pipe grade, external coating, Internal coating, Cathodic 

protection system

➢ Planning for HDD, thrust boring, micro-tunneling, and other trenchless 

methods

❑ Land Acquisition & Permissions

➢ Right of Use (RoU) – land not permanently acquired, but used for laying 

and maintaining the pipeline

➢ Temporary acquisition for laying, welding, stringing, and HDD entry/exit 

pits

❑ Procurement & Logistics

➢ Timely procurement and delivery of critical long-lead items (pipes, 

valves, compressors) is essential for project success

❑ Construction 

➢ ROW C&G, trenching, Stringing and Bending, welding/ NDT, Coating, 

lowering, backfilling, Surface Restoration

❑ Testing & Commissioning

➢ Hydrostatic Testing, Drying and Dewatering, Pigging Operations, Gas 

Charging & Final Commissioning

❑ Restoration & Handover

➢ Restore land to pre-construction condition or better

➢ Topsoil Replacement (in agricultural lands) and proper compaction, 

➢ Reconstruction & Reinstallation of damaged roads, culverts, bunds, 

boundary walls of fencing, drains, pathways, and vegetation

➢ Submission of As-built drawings and route maps, Pipeline integrity 

records, test reports, valve charts
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KEY CHALLENGES FACED

Land acquisition delays

➢ Delay in revenue records and identification of 

legal landowners

➢ Multiple ownership disputes, especially in rural 

or ancestral holdings

➢ Coordination issues across multiple districts 

and states authorities

Public resistance and political intervention

➢ Resistance from landowners fearing 

permanent acquisition or damage to 

productivity

Forest, Rail, NHAI, and defense clearances

➢ Forest Clearance (if forest land involved)

➢ Environmental Clearance 

➢ Railway Crossings 

➢ NHAI/State PWD approvals for road crossings

➢ Urban Local Body permissions in municipal 

areas

➢ Defense/Telecom/Airport NOCs where 

applicable

Logistics & Supply Chain Constrain

➢ Delay in delivery of long-lead items 

(pipes, valves)

➢ Availability of HDD rigs or 

specialized contractors

➢ Transportation of pipes through 

narrow or difficult roads

➢ Climatic impact (monsoon 

disruptions)

Human Resource and Labour 

Challenges

➢ Shortage of skilled manpower in 

remote areas

➢ Contractor mismanagement

➢ Labour law compliance and welfare

➢ Language/cultural issues in multi-

state projects

Environmental and Regulatory Hurdles

➢ EC/FC clearance timelines

➢ Wildlife and wetland crossings

➢ Coastal Regulatory Zone (CRZ) challenges
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TECHNICAL AND CONSTRUCTION CHALLENGES

SV SPACING CRITERIA

❑ Spacing as per predominant location class for gas 

pipelines.

❑ Prevention of Inventory Loss & Major Pipeline 

Crossings.

❑ Pollution Concerns & Statutory Requirements.

GAS PIPELINES (MAX. 

SPACING)

32 km : Location Class -1

24 km : Location Class - 2

16 km : Location Class - 3 

8 km :   Location Class - 4 

SV LOCATION SELECTION CRITERIA

❑ Access: Location of SV station is required 

to be readily accessible.

❑ Must be connected to all weather metaled 

road.

❑ Un-obstructed Space: 

▪ Location of SV station should be free from 

any existing structures, obstructions such 

as electric poles, pylons etc. 

▪ Location to be checked using satellite 

imagery and survey alignment sheets for 

any obstruction.

❑ Free from Flooding/ Inundation: 

▪ SV Station location/ area should not prone 

to flooding. 

▪ State of dryness of the area under 

consideration is checked using historical 

satellite images and survey data.

CHALLENGES FOR SV LOCATION SELECTION

▪ Initial cost incurred for an SV Station is very high 

– it depends on the local cost of the land

▪ It puts significant burden on capital expenditure 

as well as operational expenditure for the owner.

▪ Availability of required size of land/ plot

▪ Issues pertaining to purchase of suitable land

▪ Environmental sensitive areas

▪ Archeological & Defense Areas,

▪ Forest, Sanctuaries, Heritage areas

▪ Mountains & Hilly Regions

▪ Desert & Sand Dunes

Considering the above, number of SV stations required for pipelines must be  

optimized. Therefore, based on sliding PDI data, number of SV station can be 

optimized by considering predominance of the particular Location class.
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DETERMINING CLASS LOCATION

Class Location-1: <10

Class Location-2: >10<46

Class Location-3: ≥46

Class Location-4: Multi story/ heavy traffic
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Class Location-1: <10

Class Location-2: >10<46

Class Location-3: ≥46

Class Location-4: Multi story/ heavy traffic

DETERMINING CLASS LOCATION
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Class Location-1: <10

Class Location-2: >10<46

Class Location-3: ≥46

Class Location-4: Multi story/ heavy traffic

DETERMINING CLASS LOCATION
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Class Location-1: <10

Class Location-2: >10<46

Class Location-3: ≥46

Class Location-4: Multi story/ heavy traffic

DETERMINING CLASS LOCATION
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L = LC + 2 x 200 m

L  : Reduced length of Location class section < 1600 m

LC : Length of the projection of the building cluster on 

centreline

By doing so:

a) 100% safety is ensured

b) --% reduction in cost (tonnage) 

Based on engineering judgement we also enhance the 

location class from 1 to 2 or 3 or 4 where development is 

likely to occur in maximum 3 – 4 years.

CLASS LOCATION DETERMINATION

Class Location-1: <10

Class Location-2: >10<46

Class Location-3: ≥46

Class Location-4: Multi story/ heavy traffic
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Stages of Pipeline Construction

❑ Pre-Construction Survey 

❑ Installation of Pipeline

❑ Crossings

❑ Hydrotesting

❑ Pre-Commissioning 

❑ Commissioning

Pre-construction Survey

➢ Route Survey

➢ ROU clearing & Grading

➢ Trenching

➢ Stringing 

➢ Cold Field Bending

Route survey

❑ Pipeline Centerline Marking & Staking

❑ Bench Marking at every 5 km.

❑ IP shall be staked at interval of 500 m.

❑ Identify crossing such as water bodies, 

railway roads etc.

❑ Identify existing features or obstructions 

along the route.

ROU C & G

❑ Stake two boundary markers at both 

edges of ROU.

❑ Stakes at least 100 m intervals and 10 

m at TP. 

❑ Stakes at Change in wall thickness

❑ Chainage marker @ 250m

PIPELINE CONSTRUCTION

Mainline Welding

➢ WPS / PQR 

➢ Welding Process 

▪ Manual

▪ Semi Automatic

▪ Automatic

➢ Edge preparation

➢ Internal Camp

➢ Welding Technique

▪ Downhill

▪ Uphill

INSTALLATION

o Welding 

o NDT(X-Ray/AUT)

o Field Joint Coating

o Lowering

o Backfilling

o TCP/PCP

Tie-in Welding

➢ Welding Process

▪ Manual

▪ Semi-Automatic

➢ Using External Clamp

➢ Edge Preparation

➢ Uphill Welding technique

Cold Field Bending

❑ Bend Radius, 

o R = 40D (OD≥  18”) 

o R = 30D (OD < 18”)

❑ Field fabricated cold bends using 

bending machines

❑ Allow Pigs to pass through un-

impeded

❑ Ovality ≤ 2.5%

Field Joint Coating

▪ Shot Blasting

▪ Heating & Primer 

application

▪ Heat Shrink 

Sleeve

▪ Peel Strength test 
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INNOVATIVE CONSTRUCTION TECHNIQUES

Pipeline Crossing Methods

▪ Open Cut Method

▪ Cased Crossing Method

▪ HDD Method

▪ Micro-tunnelling Method

Open Cut Method 

➢ Traditional trenching method where the 
Waterbodies (shallow rivers, canals) is excavated 

and the pipe is laid in a trench before being 

backfilled. 

➢ Concrete coating or concrete weights to counter 
buoyancy.

Cased Crossing Method 

This technique is used to install 

a carrier pipeline (main line) 

inside a larger diameter 

protective casing pipe, 

primarily at critical crossings 

such as railways, highways, 

and roads.

Typical Ranges

Parameter           Range

➢ Bore Diameter    : 6 Inch – 60 Inches 

➢ Bore Length       : Up to 60–80 

meters

➢ Accuracy:           : Moderate

Limitations

➢ Not suitable for rocky or 

boulder-laden soils

➢ Cannot make curved bores

➢ Requires larger launch pits

➢ Limited steering capability

Suitable Conditions

➢ Low to moderate flow rivers

➢ Shallow water depth

➢ Non-rocky riverbed

➢ Short crossing length

➢ Non-sensitive ecological zones

Disadvantages

➢ High environmental impact: sediment 

release, aquatic life disruption

➢ Limited seasonal window: unsuitable 

during monsoon or flood flow

➢ Dewatering & diversion challenges in high-

flow rivers

➢ Erosion and scour risks at exposed 

sections
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Installation of Pipeline by HDD method accomplished by three stages:

▪ Pilot Drilling (Small diameter pilot hole drilling along designed directional path)

▪ Reaming (Enlarging pilot hole)

▪ Pullback (Pulling of pipeline into hole)

Design Considerations

▪ First consideration for a potential HDD crossing is soil conditions.

▪ Establish the suitability of soil conditions for HDD operations.

▪ HDD method is ideally suited for soft soils such as Clays and Compact Sands. HDD is also 

suitable for Rock.

▪ Sub soils consists gravels/ cobbles/ boulders are not suitable for HDD.

▪ Main consideration i.e. sufficient space at site for Entry and Exit pits, equipment placement as 

well as for fabrication of pipe string.

HDD Design Requirements

❑ Pipe Diameter & Material of Line Pipe

❑ Cover Depth & Length of Crossing

❑ Entry and Exit Angle & Radius of Curvature 

❑ Geo-tech Information & Tooling

❑ Mud Pumping and Mud Engineering

❑ Real time Depth Monitoring

Correct equipment selection is a key factor in success of HDD

❑ Capability of Drill Rig

❑ Tracking System

❑ Cutting Tools

❑ Reamed Hole Size (w.r.t. Soil)

❑ Length & Diameter of Crossing

❑ Equipment Availability

LONG LENGTH WATER CROSSINGS – HDD
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Pilot hole limitations

❑ Limitation of Pilot hole length depends upon the capacity of the drill pipe to 

withstand the combination of Compressive, Bending & Torsional Loads.

❑ Pilot holes are directionally drilled by orienting the BHA by rotating the drill 

string at the drilling rig. As pilot hole distance increases, the orientation of the 

BHA becomes more difficult to control.

❑ Actions taken at the drilling rig several hundred meters behind the BHA may 

not translate exactly into reactions at the leading edge. 

❑ Pilot hole up to 2200 meters are feasible when drilling with single rig in one 

direction. However, INTERSECT METHOD used for HDD crossing lengths 

going beyond 2200 meters.

Technical Feasibility

❑ Length of borehole, Pipe Diameter and Subsurface conditions work in 

combination to limit the technical feasibility of HDD installation. 

❑ Primarily technical feasibility of HDD depends upon the subsurface 

conditions.

❑ Pilot hole must achieve either an open hole or fluidized condition of soil. 

These two conditions may be difficult to achieve over long horizontal 

lengths.

❑ Suspension of cuttings is difficult to maintain over long horizontal 

distances. Cuttings may accumulate around the pipe causing it to get 

stuck.

❑ Pilot hole length is limited by the ability to maintain a hole in the 

subsurface.

Tracking methods of HDD

❑ Walkover Tracking System: Consists of three components i.e. Transmitter, Hand Held 
Receiver and Remote Monitor.

▪ Accuracy is ± 5%

▪ Beyond 30 m depth, this system is not effective.

❑ Non Walkover (Remote) Tracking System: Wire line Magnetometer-accelerometer 
navigation system

▪ Consists “Survey Probe” mounted in a non magnetic drill collar behind the bent sub, 
down-hole mud motor and drill bit. This combination of components collectively called 
BHA.

▪ Accuracy within ± 2% with Plan & Profile regardless borehole’s depth.

TECHNICAL FEASIBILITY & PILOT HOLE LIMITATIONS
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INTERSECTION METHOD

Benefits of the intersect method are many-fold:

▪ Effectively doubles the achievable bore length

▪ Able to decrease risk of hydro-fracture

▪ Minimizes the catastrophic down-hole tool failure

▪ Intersect method simplifies use of conductor casing 

on both sides

▪ Eliminating hydro-lock during pilot drilling

▪ Pilot holes drilled from both sides using one rig on each side (Primary & 

Secondary rigs)

▪ Both rigs start drilling towards each other in pre-determined path guided by a 

precision underground magnetic tracking device. 

▪ Once the holes are within a pre-determined distance from each other, the 

primary rig advances its drill string, following behind the secondary rig’s 

retreating down hole assembly

▪ Primary rig advances its drill string in the hole left behind by the drill string of 

secondary rig creating a continuous single pilot.

▪ Pilot then reamed to the appropriate size and pipe string pulled through the 

final reamed hole.
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MICRO-TUNNELLING METHOD

Trenchless: No need for a continuous open trench.

Remotely Controlled: Pipe jacking is done from a shaft using a 

microtunnel boring machine (MTBM).

Guided: Laser guidance ensures precise alignment.

Applicable to: Water/sewer pipelines, gas pipelines, utility 

conduits.

Typical Diameters: 300 mm to 3000 mm.

Major Components

Microtunnel Boring Machine (MTBM) – Excavates and 

guides the tunnel.

Jacking Station – Applies thrust to push pipes forward.

Pipe Jacking Pipes – Prefabricated segments that form 

the pipeline.

Slurry Circuit – Removes excavated spoil using 

bentonite or polymer slurry.

Control Cabin – Remote operation and monitoring 

system.

Launch and Reception Shafts – Excavated pits at entry 

and exit points.

Advantages

Minimal surface disruption (ideal for 

congested or sensitive areas).

High precision in line and grade.

Can be used in various ground 

conditions (soft soil to hard rock with 

proper cutter head).

Reduced environmental and traffic 

impact.

This is trenchless method uses boring machine to create a tunnel for pipeline installation. It 

is particularly suitable for crossings under roads, railways, rivers, and urban areas where 

open-cut excavation is impractical or undesirable.
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Use of steel plates for load distribution during compaction (as per API RP 1102)

➢ Measures to mitigate excessive stress on buried pipelines due to surface loads. 

Where calculated stresses exceed allowable limits. 

➢ Steel plates are used to protect buried pipelines from construction and 

compaction loads, especially when heavy equipment like rollers or dump trucks 

operate directly over the pipeline during trench backfilling or road restoration.

PIPELINE STRESS DUE TO HEAVY CONSTRUCTION LOADS

Application

➢ Pipeline already buried at a shallow depth.

➢ Use of heavy compaction equipment (e.g., 8–12 tonne vibratory roller).

➢ Crossing beneath roads, highways, or railway tracks.

➢ Temporary or permanent restoration work over the pipeline.

Role of Steel Plates 

Steel plates distribute vertical loads over a wider area, reducing the 

concentrated stress on the pipeline directly beneath the compaction zone.

Load Transfer Principle

Heavy Load → Steel Plate → Wider Soil Area → Reduced Stress on Pipe

Typical Steel Plate Specifications

Parameter  Typical Value/Range

Thickness  12 mm to 25 mm (depends on load)

Width  1.5x pipeline trench width

Length  Covers full width of load path

Material Grade Mild Steel or Structural Steel

Surface Finish Anti-skid if needed

Benefits

➢ Reduces vertical stress and strain on the pipeline.

➢ Prevents deformation or collapse of pipe under dynamic 

load.

➢ Complies with API RP 1102 safety margins.

➢ Enables use of heavy compaction rollers without pipe 

damage.

Design Considerations

Stress analysis must confirm allowable pipe 

stress is not exceeded. 

➢ Pipe diameter and wall thickness.

➢ Burial depth.

➢ Type and weight of compaction equipment.

➢ Soil type and compaction characteristics.
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Hydrostatic Testing

⚫ Preparation of Test section

▪ Pipe book for test section

▪ Water Source availability

▪ Ground Elevation Chart

⚫ Air Pigging/Cleaning

▪ Air Pigging Header

▪ Compressor

▪ Batching Pigs

▪ Gauging Pig

▪ Gauging Plate

Hydrostatic Testing

▪ Water Filling 

▪ Thermal Stabilization

▪ Pressurization

▪ Pressure Cycle

▪ Air Volume Calculation

▪ Hold Period                      

▪ Acceptance

HYDROSTATIC TESTING OF PIPELINES

Minimum Test Pressure

➢ Class-1 & 2: 1.25 x DP

➢ Class-3 & 4: 1.50 x DP

Max. Test Pressure @ Hoop Stress = 95% 

of SMYS based on min. pipe wall thickness 

in the test section.

Hold Period = 24 hrs
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Thermal Stabilization (TS)

▪ Test section completely filled & min 1 

bar pressure achieved at the Highest 

Point, Thermal Stabilization period 

shall be started.

▪ Thermal equilibrium b/w P/L and 

environment checked through the 

thermocouples installed on P/L. 

▪ Thermocouples attached on the 

external surface of the pipe  

adequately protected with min 500 mm 

padding.

▪ One pair of thermocouples at 500 m from the test 

headers. 

▪ Temp probes at every 2.5 km and max. 5.0 km along 

the alignment of the test section and reading shall be 

taken at every 2 hours.

▪ Thermal stabilization achieved when the difference not 

higher than 1°C is attained between the avg pipe temp 

& avg soil temperature. 

HYDROSTATIC TESTING OF PIPELINES
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CONCLUSION

❑ Cross-country Oil & Gas pipelines are underground energy highways and the backbone of 

the nation’s energy security - Pipelines have become indispensable part of common man’s 

life. 

❑ Natural gas emits less CO₂ than coal & oil and acts as a transitional fuel between 

conventional fossil fuels and renewable energy.

❑ Natural Gas Pipelines drives industrial growth (fertilizers, petrochemicals, power, CGD) and 

promotes economic integration and balanced regional development.

❑ Sliding Scale Method to be used for accurate Class Location based on Population Density 

Index (PDI) for SV spacing and wall thickness for gas pipelines.

❑ HDD with intersect Method effectively doubles the achievable bore length and also able to 

decrease risk of hydro-fracture as well as eliminates hydro-lock during pilot drilling.

❑ Micro-tunneling method used where subsoil strata not support horizontal Directional Drilling 

(HDD). It is particularly suitable for crossings under roads, railways, rivers, and urban areas 

where open-cut excavation is impractical or undesirable.

❑ Steel load distribution plates used over the pipeline trench prior to compaction especially 

when heavy equipment like rollers or dump trucks operate directly over the pipeline during 

trench backfilling or road restoration. This will ensure that induced stresses remain within 

permissible limits, thereby preventing structural damage to the pipeline during backfilling 

and restoration activities.
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