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‘ Hydraulic analysis of drinking water networks ‘
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A pipe network is analyzed for the determination of the nodal pressure heads and the
link discharges.



_earning Objectives

 Apply continuity and energy equations to pipe system networks

 Analyze pipe flow and pressure in a network using the Hardy Cross
method and another methods such as:

 Sections Method

* Circle Method

Or using different softwares like:
EPA-Net (https://www.epa.gov/water-research/epanet)
Water CAD
Water GEMS



PIPE NETWORK GEOMETRY

* The water distribution networks have mainly the following three
types of configurations:

* Branched or tree-like configuration (Continuity eq. solves the network)
° Looped configu ration (Continuity eq. not enough to solve the network)

* Branched and looped configuration
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The total number of pipes equal to total number of nods + total number of loops - 1




Sections Method
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Hydraulic Flow
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Example:
*The population served by Section A— A is 70 % of the population.
*The population served by Section B — B is 20 % of the population.

*Population = 100,000 capita.
«Average water consumption = 200 |/c/d.

>
350 200
i
i
|
350 250 200
5
)
I
500 400 300 200
[
|
300 250 200 200




Solution:

Section A — A:
Population = 0.7 x 100,000 = 70,000 capita
Qav = pop x gav /24 x 60 x 60
= 70,000 x 200/ 24 x 60 x 60 = 162 |I/s
Qmax daily = 1.8 x Qav
=1.8x 162 =291.67 I/s

Qmax daily + Qf = 291.67 +40 = 331.67 I/s
Qmax hourly = 2.5 x Qav

=2.5x162=4051/s
Qdes =405 I/s
Number of pipes cut by section A — A:
2 $350,1¢500, 1¢ 300
Assume S =20cm/ 100 m.
Qact=2x85+210+55=4351/s
Chick:
(Qact — Qdes) / Qd =(435-405)/405=7.4%

+ 10 % ok




Section B — B:
Population = 0.2 x 100,000 = 20,000 capita
Qav =pop x gav /24 x 60 x 60

= 20,000 x 200/ 24 x 60 x 60 =46.3 I/s
Qmax daily = 1.8 x Qav

=1.8x46.3=83.341/s
Qmax daily + Qf =83.34 + 25 = 108.34 |/s
Qmax hourly = 2.5 x Qav
=25x46.3=115.751/s

Qdes = 115.751/s
Number of pipes cut by section B — B:
3¢ 200, 1¢ 300
Assume S=20cm/ 100 m.
Qact=3x18+55=109 /s
Chick:

(Qact — Qdes) / Qdes = (109 — 115.75) / 115.75 =-5.83 %

+ 10 % ok
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Circle Method
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Example:

By using section method design the water network shown in the following figure, then use
circle method for check the diameter of minor pipes (100 mm). If

» Average water consumption in the future = 250 I/day

» Future population = 70000 people

» Sec |- cut three transmission pipes

» Velocity in transmission and main pipes < 1.5 m/sec, hydraulic slope <0.4 %

» \elocity in minor pipes < 1.0 m/sce, neglect the value of hyd. Slope

Calculate too the head loss each 1000 m, if Hazen-Williams coefficient for all pipes kind =
140, population after sec 11-11 = 75 % of total population, sec I11-111 lays after 67 % of total
city area. Assume constant population densities and water consumption rates all around

the city.



Fa 120 &0 [l



