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Leakage Reduction in Water Distribution
Networks By Minimizing the Excess Pressure

M. Tabesh 1, M.M., Vaseti 2

Abstract

Leakage is one of the most serious problems in water
distribution networks. Limited resources of water and the
increasing expenses of transport, treatment, pumping, storage
and distribution of water, notify the importance of leakage
reduction. Due to the direct relation between leakage and
pressure, pressure management is a useful and cost effective
method for leakage reduction. In this research pressure
reducing valves are used to achieve this goal. An optimization
procedure is applied to minimize the difference between the
available head and minimum standard head at each node.
Sum of square differences between the available and
minimum standard heads at each node are minimized using
linear and non linear programming. To analyze the hydraulic
conditions of the system the head driven simulation method is
used. In this method the available nodal outflows are not
fixed and vary with nodal pressure fluctuations. Finally a test
network, have been used to illustrate the validation of the
proposed method. The results of this procedure define the
PRV’s outlet values. Based on these optimized values, nodal
heads tend to be very close to the minimum standard values
which lead to the maximum leak reduction.

Keywords: Optimization, Leak Reduction, Excess Pressure,
Head-Outflow Relationship, Water Distribution Networks,
Pressure Reducing Valve
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100 1408 152 22 5 35
110 500 381 7 5 36
90 300 229 9 6 37
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HDSM (g, &1 aSwd Sy uud Jalod j1 Jols gl -F Jouo

) B-H™ [ Hm) | {9 gy | 5™ (m) | Q7 005 | O %) | o5 ot
7.474 55.474 48.0 18.0 -0.005 -0.005 1
7.430 55.430 48.00 18.0 -0.010 -0.01 2
8.412 52.412 44.00 14.0 0.000 0.000 3
10.217 52.217 42.00 12.0 -0.005 -0.005 4
8.229 52.229 44.00 14.0 -0.030 -0.030 5
7.541 52.541 45.00 15.0 -0.010 -0.010 6
7.870 52.370 44.50 14.5 0.000 0.000 7
8.888 52.888 44.00 15.0 -0.020 -0.020 8
8.681 52.681 44.00 14.5 0.000 0.000 9
8.009 53.009 45.00 14.0 -0.005 -0.005 10
11.035 53.035 42.00 14.0 -0.010 -0.010 11
8.806 53.806 45.00 15.0 0.000 0.000 12
11.690 54.690 53.00 23.0 0.000 0.000 13
5.095 55.095 50.00 20.0 -0.005 -0.005 14
11.610 49.610 38.00 8.0 -0.020 -0.020 15
9.601 49.601 40.00 10.0 0.000 0.000 16
12.550 49.550 37.00 7.0 0.000 0.000 17
11.351 49.351 38.00 8.0 -0.005 -0.005 18
9.420 49.420 40.00 10.0 -0.005 -0.005 19
12.364 49.364 37.00 7.0 0.000 0.000 20
9.399 49.399 40.00 10.0 -0.005 -0.005 21
6.219 51.219 45.00 15.0 -0.020 -0.02 22

- 55.500 55.50 0.0 0.000 0.000 23
- 55.250 55.25 0.0 0.000 0.000 24
- 55.250 55.25 0.0 0.000 0.000 25
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( H-Hdes)

(&= 0m) g1 sige s> @ byyo 295 LYY g

0,5 0l H(m) i (m) H % (m) QaVI (mj/s)
1 55.466 18.0 48.00 -0.005
2 55.407 18.0 48.00 -0.010
3 44.489 14.0 44.00 0.000
4 44,194 12.0 42.00 -0.005
5 44.196 14.0 44.00 -0.030
6 44.489 15.0 45.00 -0.00995
7 44.327 14.5 44.5.00 0.000
8 44.803 15.0 44.00 -0.020
9 44.618 14.5 44.00 0.000
10 45.244 14.0 45.00 -0.005
11 45.109 14.0 42.00 -0.010
12 45.210 15.0 45.00 0.000
13 51.327 23.0 53.00 0.000
14 54.371 20.0 50.00 -0.005
15 42.064 8.0 38.00 -0.020
16 42.092 10.0 40.00 0.000
17 42.038 7.0 37.00 0.000
18 41.813 8.0 38.00 -0.005
19 41.900 10.0 40.00 -0.005

20 41.824 7.0 37.00 0.000
21 41.837 10.0 40.00 -0.005
22 43.296 15.0 45.00 -0.01943
23 55.500 0.0 55.50 0.000
24 55.250 0.0 55.25 0.000
25 55.250 0.0 55.25 0.000
26* 52.998 0.0 45.00 0.000
27* 44.996 0.0 38.00 0.000
28%* 44.994 0.0 40.00 0.000
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—e— Hprv=20,20.20m

—m— Hprv=4538.40n

—A— Hprv=454545m

Hprv=53,45,45m

—¥— Hprv=40,40,40m

—@— Hprv=353535n
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1. Linear Programming

2. Non Linear Programming

3. Demand Driven Simulation Method
4. Head Driven Simulation Method

5. Least Squares Programming
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1 55.463 -0.005
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3 39.772 0.000
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