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Abstract

One of the main responsibilities of water and wastewater
companies in the field of operating of water distribution
networks (WDNSs) is the management and control of leakage
from these networks. In this regard, active leakage control is
one of the main strategies in reducing leakage and achieving
economic level of leakage (ELL). In this paper, a practical
methodology was developed to determine the economic level
of leakage which is included the steps determining the points
of pressure and flow rate measurements, collecting of required
field data and cost data, the estimation of leakage level in the
network and the determination of the economic level of
leakage of the network based on the active leakage control
strategy. Economic performance indicators such as the
economic leakage index (ELI) and the economic network
efficiency (ENE) are also obtained using the determined ELL.
The developed methodology was applied for a district of the
WDN of Mashhad. The results showed that the economic level
of leakage in the study area is 27.5 m3/connection/year. While
the current level of leakage was estimated to be around 49.2
m3/connection/year, based on the minimum night flow (MNF)
analysis. Moreover, the ELI and ENE were calculated 1.79 and
56% respectively. The developed methodology in this paper
can assist practitioners and managers of water and wastewater
companies for target-setting of the level of leakage and
determining of the ELL based on it.
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Fig. 2- Provisional relationship between pressure and Cp, for systems with different % of rigid pipes (source:
(Lambert et al., 2014))
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Table 1- Guidelines for Use of the Infrastructure Leakage Index as a preliminary leakage target-setting

(Source: (AWWA, 2016))

(AWWA, 2016) (ol y 5 s (b b bawgi Sl o (saSiud 15 Cuiid Sy prie ()15 Bud adgl sloialy - Joua

Target ILI Water Resources Operational Financial
Range Considerations Considerations Considerations
. . Water resources are
Operating with system
. ' costly to develop or
Available resources are leakage above this level -
o . . purchase. Ability to
greatly limited and are would require expansion . i
e AR increase revenues via
1.0-3.0 very difficult and/or of existing infrastructure .
4 o water rates is greatly
environmentally unsound and/or additional water . .
limited due to regulation
to develop. resources to meet the
demand or low rqtgpayer
' affordability.
Water resources are
. . - Water resources can be
believed to be sufficient  Existing water supply
. A developed or purchased
to meet long- term needs, infrastructure capability is
. at reasonable expense.
but demand management  sufficient to meet long- S
. . Periodic water rate
3.0-5.0 interventions (leakage term demand as long as . .
increases can be feasibly
management, water reasonable leakage
. effected and are tolerated
conservation) are management controls are
included in the long-term in place by the customer
. ' population.
planning.
Superior reliability,
water esourcesare e O eat watr i o
5.0-8.0 plentiful, reliable, and . pply '
- infrastructure make it as are rates charged to
easily extracted. : .
relatively immune to customers.
supply shortages.
While operational and financial considerations may allow a long-term ILI greater
Greater than  than 8.0, such a level of leakage is not an effective utilization of water as a resource.
8.0 Setting a target level greater than 8.0—other than as an incremental goal to a smaller

long-term target—is discouraged.

Less than 1.0

In theory, an ILI value less than 1.0 is not possible for most systems. If the calculated
ILI is just under 1.0, excellent leakage control is indicated. If the water utility is
consistently applying comprehensive leakage management controls, this ILI value
validates the program’s effectiveness. However, if strict leakage management
controls are not in place, the low ILI value might be attributed to error in a portion
of the water audit data, which is causing the real losses to be understated. If the
calculated ILI value is less than 1.0 and only cursory leakage management controls
are used, the low ILI value should be considered preliminary until it is validated by
field measurements utilizing the bottom-up approach.
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Fig. 3- Calculation of economic level of leakage using total cost curve method (Islam and Babel, 2013)
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Table 2- General characteristics of water distribution network of J district
J a5 Of aj95 awd (IS Claswin -Y Jou

Length By Pipe Material

Length By Pipe Diameter

Length By Pipe Age

E Material Izﬁnm% /A Dl(z:rr]nn:);er h?::g /. Age (years) (ngrr:]g) /A
‘!él\ 5L 0.013 0.02 >100 30.191 50.34 12 0.380 0.63
X ACC 28.184 46.99 100-150 17.012 28.36 11 0.000 0.00
g Cl 0.006 0.01 200-250 3.000 5.00 10 0.264 0.44
= :E» DCI 14.284 23.81 300-350 0.552 0.92 9 38.703 64.53
g ?’I, GRP 0.776 1.29 400-450 8.159 13.60 8 1.334 2.22
_';‘ = NP 0.018 0.03 500-550 0.000 0.00 7 0.204 0.34
a X PE 16.094 26.83 600-650 0.420 0.70 6 2.200 3.67
g PP 0.028 0.05 700-750 0.477 0.80 5 2.560 4.27
- PVC 0.152 0.25 <750 0.085 0.14 4 0.429 0.72
ST 0.424 0.71 unknown 0.069 0.12 3 0.413 0.69
unknown 0.009 0.01 2 0.018 0.03
unknown 13.481 22.48
AC 0.115 0.22 >100 11.403 21.68 33 0.042 0.08
S ACC 37.139 70.60 100-150 27.652 52.57 18 0.268 0.51
=<E DCI 5.521 10.50 200-250 8.074 15.35 11 0.279 0.53
g < PE 9.471 18.00 300-350 0.025 0.05 10 0.694 1.32
~ ,IL'FI\) :: ST 0.252 0.48 400-450 2.773 5.27 9 45.432 86.37
s EL unknown 0.104 0.20 500-550 0.892 1.70 8 0.032 0.06
Nz § <600 1.620 3.08 7 0.054 0.10
33 UNK 0.058 0.11 6 0.716 1.36
unknown 0.104 0.20 5 0.030 0.06
4 0.074 0.14
unknown 4.979 9.47

VAN Glians j oF 0 ylowd o3 35k Jlw ¢yl sl &1 ailio Ol
Volume 15, No. 4, Winter 2020 (IR-WRR)



Legend

@ Pressure Logger
— Zone J2
W) Flow Meter C’

:’ Zone J1

Water Network

@

Fig. 4- Representation of the Study area (District J) and J1 and J2 subzones of the WDN of Mashhad (Image
© 2018 Digital Globe, © 2018 Google Earth; Map data © 2018 Google.)
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Fig. 5- Average daily water inflow for district J by month in 1396
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Table 3- Variable costs of leakage intervention
Lt Oldos puiio glaats 3o Y Jgis

Cost Symbol Value
Leakage survey cost of mains (Thousands IR Rials/Km length of mains) CL. 4000
Length of Mains (Km) Ly 1125
Leakage survey cost of connections (Thousands IR Rials / connection) Cre 20
Number of connection N 26566
Leakage detection cost of mains (Thousands IR Rials / leakage) Coety 2300
Leakage repair cost of mains (Thousands IR Rials / repair) Crow 8800
Leakage detection cost of connections (Thousands IR Rials / leakage) Corete 1800
Leakage repair cost of connections (Thousands IR Rials / repair) Chrec 2500
Number of leakage detections and repairs on mains Num,, 44
Number of leakage detections and repairs on connections Num¢ 20
Total variable Costs (Thousands IR Rials / connection / year) 52.45
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Fig. 6- Average minimum night flow for district J by week in 1396
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Table 4- The results of MNF analysis and estimation of current level of leakage in district J in 1396
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Daily Leakage Level
(mP/day)
3582

NNF(m?/h) NDF

167.1 21.43

Annual Inflow Rate
(MCMl/year)

6.49

Annual Leakage
Level (MCM/year)

131

Average Leakage (%)
20.2
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Table 5- Calculation of UARL for district J
Janl glw dllo pllolinl Cuis o dulxe -0 Jouo

Average Zone

Lm (km) Nc Lp (km) Pressure (m) Cr UARL (MCM/year)
1125 26566 39.85 4456 0.97 0.383
Table 6- Calculation of UBL for district J
J 4l (gl pdlolal s culd mhaw dulow —F Jgaa
Lm (Km) Nc AZNP (m) UBL (m*h) UBL (MCMl/year)
112.5 26566 49.15 34.56 0.27
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Real losses in this range are

| €——— Current Annual Real Losses
(CARL =1.31 MCM/year)
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Economically Recoverable Annual
Real Losses

Unavoidable Annual Real Losses
(UARL = 0.383 MCM/year)

Economic Annual Real Losses
(EARL = 0.73 MCM/year)

ILI  3.42 Infrastructure Leakage Index

ELI 1.79 Economic Leakage Index
ENE

56% Economic Network Efficiency (=1/ELI[%])

Fig. 8- Conceptual representation of the calculated leakage performance indicators in district J
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