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• Pipeline Distribution Network 

• Pipeline Hydraulics design & concepts

• Modelling pipeline network in Water Gems Software

• Pipe thickness calculation as per AWWA M11

• Automation in pipeline irrigation

• Surge analysis concepts and modelling in SAP

• Pipeline Alignment LS details

AGENDA
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• CANAL IRRIGATION – Irrigation main canals & sub 

canals by Gravity flow – FLOODED IRRIGATION 

SYSTEM

• PIPED IRRIGATION – Pressurized pipeline system by 

Pumping / Gravity flow with sufficient pressure –

EQUITABLE PRESSURIZED IRRIGATION SYSTEM

CANAL & PIPED MAJOR IRRIGATION SYSTEM



LARSEN & TOUBRO             |                      LARGE WATER SYSTEMS                    |                    Page 4Sensitivity: LNT Construction Internal Use

CHAK PLANNING & PIPE ROUTING

• ROR data, Digitized ROR map and

village boundaries are collected and

superimposed.

• CCA in each plot is identified and

grouped together to form a chak of

required size.

• From survey inputs, highest elevation in

each chak is identified.

• Pipe routing is carried out in AutoCAD

connecting all the chak outlets



LARSEN & TOUBRO             |                      LARGE WATER SYSTEMS                    |                    Page 5Sensitivity: LNT Construction Internal Use

CHAK PLANNING - TYPICAL

• ROR data, Digitized ROR map and village boundaries are collected

• Sample ROR data is shown below
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ROR - TYPICAL

Village boundary of

Kondhavale KH – Village V3

Detailed view of chak V3-C3 with plot 

numbers as per the digitized ROR map
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CHAK PLANNING - TYPICAL

‘Khedi’ Village boundary-CCA–95.8 Ha

30 Ha Chaks – 3 Nos.

Yellow – Village Boundary

Brown – 30 Ha Boundary

Green – 5 Ha Boundary

Blue – 1 Ha Boundary

Blue Pipe – From main pipe line upto

30 Ha Chak

Cyan Pipe – From 30Ha upto 5 Ha

Chak

Pink Pipe – From 5Ha upto 1 Ha Chak
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HYDRAULIC DESIGN - CRITERIA

Hydraulic Gradient Line (HGL)

Flow Discharge

Pressure Head

Flow Velocity

Head Losses

Pipe Size

Desired @ Demand Point

Optimum Range ( 0.6 – 2.1 m/s)

Cost Effective

Desired @ Demand Point

Intermediate/cumulative

Feasibility check w.r.t Ground level
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 Discharge in m3/s
• Calculated from water requirement / total water intake

 Velocity of flow in m/s
• MS pipe Upto 3,0 m/s as per CWC Guidelines
• MS pipe lined – upto 2.1 m/s as per CPHEEO

PIPE DIAMETER SELECTION



LARSEN & TOUBRO             |                      LARGE WATER SYSTEMS                    |                    Page 10Sensitivity: LNT Construction Internal Use

Factors governing sizing of pipes:

 Velocity criteria

 Power Consumption for pressurised distribution network

 Pressure Head availability for gravity distribution network

 Total operational cost based on economic pipe sizing

Factors governing selection of pipe material:

 Contract Conditions

 Durability and Longevity

 Work feasibility at site

 Capital Cost

SIZING OF PIPES
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The total head, or pressure, 
affecting flow may be divided 
into four parts:

 velocity head loss

 entrance head loss

 loss of head through friction

 Minor losses (fittings losses)

LOSSES IN PIPELINE
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Total Pump Head = Static Head 

+ Pipe friction loss

+ Fitting losses (10% of frictional loss)

+ pumping Station loss (1 m)

• Static Head = Full supply level at DC / Max. peak point – Lifting water level 

in Pump House

• Friction loss is calculated from Hazen Williams / Modified Hazen Williams 

Formula

PUMP HEAD
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Head Loss may be calculated From Below Hazen Williams Formula

Where :
hL = frictional head loss in pipe length L, m
Q = flow (discharge), m3/sec
L = length of pipe, m
D = inside diameter of pipe, m
C = 140 for MS & HDPE pipe

FRICTION LOSS IN PIPELINE



LARSEN & TOUBRO             |                      LARGE WATER SYSTEMS                    |                    Page 14Sensitivity: LNT Construction Internal Use

As per CPHEEO manual table 6.1, the recommended C-value of MS, DI & HDPE 
pipes are tabulated below.

HAZEN WILLIAM’S CONSTANT

Sl. 

No.

Material Diameter (mm) C-value

(Design purpose)

1 MS ( Lined metallic) <1200 140

2 MS ( Lined metallic) >1200 145

3 DI ( Lined metallic) <1200 140

4 Plastic pipes (HDPE) All Dia 145
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Modified Hazen-Williams coefficient C

Head Loss may be calculated From Below Modified Hazen Williams Formula

Where :
Hf = frictional head loss in pipe length L, m
Q = flow (discharge), m3/sec
L = length of pipe, m
D = inside diameter of pipe, m
CR = Modified Hazen William’s constant = 1

FRICTION LOSS IN PIPELINE
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HYDRAULIC DESIGN - OUTCOMES

Pumping station -

Parameters

Total Discharge

Power consumption

Each Pump Flow & Head

Pipe line 

network-

Parameters

Optimum Pipe Size & Rating

Control & Automation (if any)

Valve Ratings
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HGL GRAPH OF A LIFT IRRIGATION PROJECT (NORMAL OPERATION)
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Hydraulics in Bentley WaterGEMS - Preprocessing

Pipe routing
After chak planning 
is carried out, the 
pipe routing is done 
in AutoCAD and 
saved as a dwg file.

File Import
The pipe routing in 
dwg format is 
imported into the 
Bentley WaterGEMS
software.
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Hydraulics in Bentley WaterGEMS

DWG file is now 
imported into the 
software in true 
coordinates
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Hydraulics in Bentley WaterGEMS

Pipeline validation

The uploaded pipe 
route is checked for 
its correctness using 
the validation option 
available.
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Hydraulics in Bentley WaterGEMS

Uploading Contour
From survey points 

a contour is 

generated using the 

Civil 3D software 

and saved as a dwg

file

The  contour file in 

dwg is imported 

using Trex option & 

the juntions are 

automatically 

assigned elevations
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Hydraulics in Bentley WaterGEMS

Each Pipe and 
Junction is assigned 
a name by the 
software & analysis 
(friction loss) is 
carried out for each 
pipe.

Output is derived for 
each junction 
(pressure head at 
entry and exit).
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Hydraulics in Bentley WaterGEMS

All the chak outlet 
points are called 
demand points.

The demand points 
are identified as end 
nodes.

A selection set is 
created consisting of 
all end nodes.
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Hydraulics in Bentley WaterGEMS

Demand Inputs
The reservoirs 
pumphouse in case of 
rising main (LWL) & 
delivery chamber (FSL) 
in case of a gravity main 
is assigned with a water 
level.
Demand points are 
identified and demand
for each point in the 
earlier created selection 
set is assigned a flow as 
per the duty point and 
chak size for the project.
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Hydraulics in Bentley WaterGEMS

Analysis

After all the inputs are 
assigned, the analysis is 
carried out in the 
software.

The friction loss is 
calculated using the 
Hazen Williams formula

All the pipes are 
annotated with the 
required details.
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Hydraulics in Bentley WaterGEMS

Analysis

After all the inputs are 
assigned, the analysis is 
carried out in the 
software.

The friction loss is 
calculated using the 
Hazen Williams formula

All the pipes are 
annotated with the 
required details.
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Hydraulics in Bentley WaterGEMS

Analysis

The pipe diameters are 
assigned using the pipe 
flex table in the 
software.

The velocity criteria is 
considered and the 
minimum pipe 
diameters are assigned.

The analysis is re-run 
and post processing 
results are taken.
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Output After Analysis

All the demand points 
are checked for the 
required pressure

Whereever the 
required pressure is 
not achieved, the 
same is highlighted.

The pipe diameters 
are increased and 
required residual 
pressure is achieved.
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Hydraulics in Bentley WaterGEMS

Hydraulic Gradient 
Line is generated by 
the software.

It is checked for the 
correctness or 
possibilities of 
optimization in the 
system.
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Hydraulics in Bentley WaterGEMS

Results

The results are 
exported from the 
Pipe Flex table into an 
excel for further 
processing.
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The pipe thickness is selected based on the following criteria as per various 
codal provisions.

 Minimum thk based on hoop stress as per IS 5822

 Minimum thk considering collapse pressure as per AWWA M11

 Minimum thickness for handling as per AWWA M11

 Minimum thk considering buckling pressure as per AWWA M11

 Minimum thk considering deflection as per AWWA M11

PIPE THICKNESS SELECTION
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INTRODUCTION TO PIPE THICKNESS CALCULATION 
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PIPE THICKNESS SELECTION

MINIMUM THICKNESS FOR WORK AND TEST PRESSURE CONSIDERATION AS PER IS 5822
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PIPE THICKNESS SELECTION

MINIMUM THICKNESS FOR WORK AND TEST PRESSURE CONSIDERATION AS PER IS 5822
(Continued….)
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PIPE THICKNESS SELECTION

MINIMUM THICKNESS CONSIDERING COLLAPSE PRESSURE
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PIPE THICKNESS SELECTION

MINIMUM THICKNESS REQUIRED FOR HANDLING
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PIPE THICKNESS SELECTION

MINIMUM THICKNESS CONSIDERING BUCKLING PRESSURE
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PIPE THICKNESS SELECTION

MINIMUM THICKNESS CONSIDERING BUCKLING PRESSURE continued….



LARSEN & TOUBRO             |                      LARGE WATER SYSTEMS                    |                    Page 39Sensitivity: LNT Construction Internal Use

PIPE THICKNESS SELECTION

MINIMUM THICKNESS CONSIDERING BUCKLING PRESSURE continued….
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PIPE THICKNESS SELECTION

MINIMUM THICKNESS CONSIDERING BUCKLING PRESSURE continued….
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PIPE THICKNESS SELECTION

MINIMUM THICKNESS CONSIDERING DEFLECTION
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PIPE THICKNESS SELECTION

MINIMUM THICKNESS CONSIDERING DEFLECTION
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TYPICAL ALIGNMENT PLAN

Road Crossing Elevation Contour
Pipe AlignmentAir Valve Location

Scour Valve Location
Chainages Turning Point Details

Settlements
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LONGITUDINAL SECTION

HGL Line

Air Valve

Scour Valve

Pipe 

Encasement

Pipeline section

Ground Profile

A vertical sectional drawing is usually scaled for better readability. The below section 

is scaled 100 time vertically and 2000 times horizontally.
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LONGITUDINAL SECTION

HGL Line

A vertical sectional drawing is usually scaled for better readability.

The below section is scaled 100 time vertically and 2000 times horizontally.
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Typical Cross-Sectional 

drawing

The slopes are maintained 

as per site conditions

Trenches are backfilled 

using the excavated soil.

Trenches in rocky terrain are 

much more steeper than in 

normal soil conditions

PIPE CROSS-SECTIONAL DRAWING
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A typical Longitudinal-Section drawing will contain all the below details

LONGITUDINAL SECTION DRAWING

In addition, it contains  following 

details as well.

• Running chainage

• Pipe dia

• Cover depth

• Ground level

• MOC of Pipe

• Pipe Dia

• Coordinates of turning points

• Crossings details

• Valve details (Air, Scour and 

butterfly valves
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AUTOMATION IN PIPELINE DISTRIBUTION

•Avoid the Draining of the Network

•Uniform Distribution of Water to the Chak

•Isolation of System from Remote as and when required

•Record, Monitor and Control of the flow Delivered to the Chak as per
water demand

•No Need of External Electric Energy

•Wireless Communication

•Protective Enclosure capable of giving Vandalism Alert
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OUTLET MANAGEMENT SYSTEM

RADIO

OMS  @ EVERY 30 Ha Chak

SOLAR 

PANEL
RTU Cum Data logger

Inlet From 

67,091 Ha

Typical @ Every 3Ha 

TYPICAL @ Every 1Ha

PT

PFCMD

STRAINER

FT

ON/OFF

DPT

SOV

ON/OFF

PT

BATTERY BANK

Total OMS = 67091/30  2237 Sets
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SURGES IN PIPELINE
A Simple formula for Surge

(Recommended by CPHEEO)

a V 

DH  =    

g

a = pressure wave velocity

V = Flow Velocity

DH = Surge Pressure

g  =  Acceleration due to gravity The equation focuses only on UPSURGE 

(& not on down surge)

Pressure increase 

is up surge & 

pressure 

decrease is down 

surge
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Waterhammer or surge or hydraulic transients is a phenomenon occurring 

in closed conduit or pipe flows, associated with rapid changes in 

discharge in the pipe.

CASES CONSIDERED

 Surge Phenomenon Following Single Pump Failure

 Surge Phenomenon Following Multiple Pump Failure

 Surge Phenomenon Following Power Failure

Commonly used softwares

SAP – developed by IISc

Water Hammer – Bentley

SURGE ANALYSIS PROGRAM - SAP
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SURGE ANALYSIS PROGRAM - SAP

The pipeline system is modelled 
as a line diagram and fed as 
input to the software

1

2

3

4

5

76
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SURGE ANALYSIS PROGRAM - SAP

All pipe and junction details are 
provided as inputs

1

2

3

4

5

76
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SURGE ANALYSIS PROGRAM - SAP

The HGL at all junctions and 
delivery reservoir is provided

1

2

3

4

5

76
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SURGE ANALYSIS PROGRAM - SAP

All details required for analysis 
is obtained from the 
performance curve.

Details regarding GD2 values of 
motor and pump is obtained from 
the Pump Datasheet & GA 
provided by the pump vendor.
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SURGE ANALYSIS PROGRAM - SAP

Pump details are obtained from 
the pump vendor and provided as 
input to the software.
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SURGE ANALYSIS PROGRAM - SAP

Pipe details such as MOC of pipe 
and thickness of lining and 
coating is provided as input.

Trip code (Running/Failure) for 
each pump is also assigned.
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SURGE ANALYSIS PROGRAM - SAP

Pump working condition

The HGL graph is 
generated for the pump 
working condition to 
check for the 
correctness of inputs
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SURGE ANALYSIS PROGRAM - SAP

Single Pump Failure
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SURGE ANALYSIS PROGRAM - SAP

Power Failure

Worst Case scenario 
is when all pumps fail 
at a time during the 
power failure 
condition.
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SURGE ANALYSIS PROGRAM - SAP

Following are the protection 
devices available in the 
software.
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SURGE ANALYSIS PROGRAM - SAP
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HGL GRAPH OF A LIFT IRRIGATION PROJECT (NORMAL OPERATION)
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HGL GRAPH OF A LIFT IRRIGATION PROJECT (RESULT OF SURGE CAUSED BY POWER 
FAILURE & PROPOSED PROTECTION SCHEME)
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HGL GRAPH OF A LIFT IRRIGATION PROJECT (MODIFIED RESULT DUE TO PROPOSED 
SURGE PROTECTION SCHEME)
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PIPE FAILURE DUE TO SURGE
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TYPES OF VALVES

1. Manually Operated Butterfly Valve
2. Hydraulically Operated Butterfly Valve
3. Electrically Operated Butterfly Valve
4. Sluice Valve
5. Kinetic Air Valve
6. Air Cushion Valve
7. Zero Velocity Valve
8. Swing Check Valve (Multi Door Type)
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TYPES OF VALVES COMMONLY USED IN LIFT IRRIGATION SYSTEM

1. Manually Operated Butterfly Valve
The valve may also be opened incrementally to throttle flow. Butterfly valves are generally favored because 
they cost less than other valve designs, and are lighter weight so they need less support.
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2.  Hydraulically Operated Butterfly Valve
These are Normal Butterfly Valves coupled with Hydraulic Actuators for quick and precise reaction as per 
situational requirement.
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3.  Electrically Operated Butterfly Valve
These are Normal Butterfly Valves 
coupled with Electric Motor and Gear 
Box for isolation purpose remote 
handling capability.
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4.  Sluice Valve (Non Rising Spindle)
These are Normally used as on / off 
valves, however, they can also be used 
for throttling purpose.
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5.  Kinetic Air Valve
Kinetic Air Valves are commonly used in 
air venting / air admission services in 
water pipelines Designed to operate
with the floats inside.
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6. Air Cushion Valve
These Valves are commonly used for 
surge protection. Allowing suction of 
large volumes of air venting in the 
system through its inlet port and 
controlled expulsion of air from the 
system to dampen the effect of surge.
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7. Zero Velocity Valve
These Valves are self acting valve which 
prevents reverse flow by closing the 
path before zero velocity is attained 
through spring action. It is used for 
surge protection.
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7. Swing Check Valve (Multi Door Type)
Multi-Door Non Return Valves are used 
in pipelines to reduce water hammer 
and to prevent back flow of
water to the pump from rising mains. 
These valves are suitabIe for clear water 
having turbidity up to 5000 ppm and 
temperature upto 45 Deg.C
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