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Introduction



Introduction

Non-revenue water (NRW) is expected to

be as one of the extensive challenges that

Jordan water sector faces. Jordan is

among the world poorest water country.

The study aims to reduce NRW in Amman

by taking Yadoudeh distribution area (DZ

33) as a case of study.

DZ33 has an area of 36.5 km2 and located

in the Southern part of Amman. The water

supply system is intermittent with

approximately 9175 customers currently

being serviced by Miyahuna.The

topography of the area is very complex

encompassing hilly and low areas.



Objectives

 Assess of the existing NRW;

 Quantify the real losses and apparent losses in Yadoudeh

distribution network; and

 Recommend an integrated NRW management in Amman

distribution system.



Methodology



The methodology includes

 Data collection of different water supply sources

 Analysis and modeling of NRW using Water GEMS software

 Analysis and modeling of NRW using applicable IWA tools

 Testing NRW options and management tools

 Developing the guidelines and best management practices to

reduce NRW in the study area and Jordan.



Water network analysis and hydraulic modeling using 

Water GEMS software

For the study of DZ 33 Yadoudeh network, the following are points needed to be
realized:

Collecting all the needed data related to the water distribution network in this area:

 Main sources with elevations : Reservoirs , Pumps , Towers

 Full Existing network with clear connections &fittings: Primary, Secondary and
Tertiary Pipes (connection nodes , valves , PRVs ,…..(shp. file))

 Borders for Existing DMAs with names(shp. file)

 Base map including names of main streets and landmarks.

 No. of customers within DZ 33 border.

 Amount of water supply and Consumption.

 Contour map or any Topographic data to recognize the elevations in DZ33.



Analysis of Existing data includes:

 Topography of the area (Elevations analysis for the max. &min.

elevations), taking in to consideration the elevation of source for

each DMA.

 Determine main pipes supply DZ 33.

 Create elevation diagram for the existing system.

 Create existing and proposed hydraulic model for the area.

 Start thinking of solutions upon the results of hydraulic analysis &

according to design criteria.

 Create elevation diagram for the proposed system.



Modeling of NRW using applicable EPA and AWWA tools

AWWA free audit water software

Figure below  represents IWA 'Best Practice' Water Balance and Terminology



Real loss component analysis model

 This model is used to provide the water authorities with a

utility-tested software tool to assure a leakage component

analysis.

 Also it is used to identify economic options for the reduction

of real loss, through enhance the speed and the quality of leak

repair, proactive leak detection and pressure management.

 This model also was used to help water authorities in

evaluating options for implementing sustainable leaks control

programs.



Results and 

Discussion



Non-revenue water reduction in 

Amman: a case study of Yadoudeh

area

Some preliminary analysis are shown below according to the
complaints, control and communication center from 2017 to 2018. Most
of the received complaints are documented as pipe blockage. High
significant pipe blockage in the network are an indicator of low
efficiency and the condition of the system.

DZ Water Leaks Pipe Blockage HC Main Pipe

2017 2018 2017 2018 2017 2018 2017 2018

33A 64 29 123 54 19 6 12 1

33B 26 25 19 96 8 12 5 1

33C1 135 301 108 504 43 93 21 35

33 C2 464 829 153 59

33D1 1189 254 975 319 315 83 171 42

33 D2 36 14 11 7

33E 70 366 57 697 29 123 7 48

33F 78 123 116 97 23 39 11 20

33G 25 12 32 26 5 7 5 2

33H 943 67 1410 150 259 22 147 7

Sum. 549



Water leaks per pipe diameter

Most of the water leaks occur in

pipes diameter between 3/4 inch

and 2 inch. These pipes usually

used in water connections between

main lines and the costumers.

Diamet

er (mm)

Diameter 

(in)

No. of 

complaints 

(Frequency) 

2017

No. of 

complaints 

(Frequency) 

2018

Dn 15 1/2 66 74

Dn 20 3/4 459 407

Dn 25 1 75 41

Dn 50 2 264 153

Dn 100 4 31 25

Dn 150 6 1 4

Dn 200 8 0 3

Other 2 1

Leaks per pipe material

According to the received data in the

table, the poly ethylene pipe has the

highest leaks frequencies

Material 

type

No of 

Complaints 

(Frequency) 

2017

No of Complaints 

(Frequency) 2018

GI 197
157

PE 696 549

ST 12 7

Cast 

Iron
0

0

PVC 0 0

Non-revenue water reduction in 

Amman: a case study of Yadoudeh area



Based on the data that were collected from Miyahuna, three models are

applied to find and audit NRW in Yadoudeh distribution network

Previous conditions

The DZ 33 was originally designed to include 8 hydraulic districts

A,B,C,D,E,F,G and H all fed by Yadoudeh reservoir and tower.

Non-revenue water reduction in 

Amman: a case study of Yadoudeh

area



Present Conditions (After Hydraulic modeling)

This Hydraulic model divided DZ-33 into Ten (10) districts, A, B, C1, C2,

D1, D2, E.F, G and H.

Non-revenue water reduction in 

Amman: a case study of Yadoudeh area



The characteristics of the 10 districts in the Yadoudeh are listed as

it is in the table

Characteristics of the distribution 
zone

DMA Name Customers Area (km2)

33 A 1507 1.53

33 B 1171 5.65

33 C1 1323 3.43

33 C2 2099 6.58

33 D1 974 2.42

33 D2 22 2

33 E 1226 5.29

33 F 131 2.34

33 G 334 2.54

33 H 388 0.19

Total 9175 31.97



Distribution zone analysis and hydraulic modeling

In order to reduce of NRW in DZ-33 there area group of activities and corrective
actions that are conducted as the following:

 Hydraulic analysis and computer modeling were conducted for DZ-33

including installing new feeders and redefining the distribution zone and

districts boundaries.

 Procurement of pipes, fitting, and valves .

 Pipe rehabilitation work and residential water meter installation.

 Measurements and quantifications of NRW.

 Pressure management and control (Design & Implementation)

 Districts and distribution zone isolation (10 districts) .



Elevations analysis of the proposed districts (original model)

DMA 

name
Customers

Highest 

Elevation

(m)

Lowest 

Elevation(m

)

Difference in 

Elevation Within 

District (m)

Reservoir. 

Elevation 

(m)

Tower 

Elevatio

n(m)

Static 

Head (m) 

Max. 

Elevation

Static 

Head (m) 

Min. 

Elevation

33 A 1507 923 857 66 933.5 76.5 10.5

33 B 1171 882 852 30 911 59 29

33 C1 1323 893 838 55 933.5 95.5 40.5

33 C2 2099 850 812 38 911 99 61

33 D1 974 875 803 72 911 108 36

33 D2 22 890 816 74 911 95 21

33 E 1226 874 824 50 911 87 37

33 F 131 877 785 92 911 126 34

33 G 334 841 793 48 911 118 70

33 H 388 890 860 30 933.5 73.5 43.5

Total 9175



Average & Peak Demand of DZ 33

As it’s indicated in the table, we realize that the total average demand for DZ 

33 463m3/hr.

Average & Peak Demand of DZ 33

DZ 

Name

Customers 

from GIS

No. of 

Persons

Population 

2025

Current 

Demand 

(L/D)

Average 

Current 

Demand 

(m3/hr)

Peak 

Demand 

(m3/hr)

No. of 

Junctions

Ave. 

Demand/ 

Junction

Peak 

Demand/ 

Junction

33 A 1507 8,138 9118 1823540 76 266 200 0.38 1.33

33 B 1171 6,323 7085 1416964 59 207 147 0.40 1.41

33 C1 1323 7,144 8004 1600891 67 233 284 0.23 0.82

33 C2 2099 11,34 12699 2539887 106 370 281 0.38 1.32

33 D1 974 5,260 5893 1178585 49 172 155 0.32 1.11

33 D2 22 119 133 26621 1 4 3 0.37 1.29

33E 1226 6,620 7418 1483517 62 216 107 0.58 2.02

33 F 131 707 793 158516 7 23 27 0.24 0.86

33 G 334 1,804 2021 404155 17 59 65 0.26 0.91

33 H 388 2,095 2347 469498 20 68 28 0.70 2.45

Total 9,175 463 1619



The schematic diagram of DZ33

Figure show the primary and secondary main feeders for each district in

DZ 33



Calculation Summary



Determination and quantification of NRW

Table illustrate NRW measurements and calculations

Intervention Remarks NRW%

Isolation (baseline)
Hydraulic isolation of 10 districts in DZ-

33
36%

Water meter replacement
Replacement of    1,041 mechanical 

water meters to E33 -DZIN ultrasonic
27%

Rehabilitation, leak detection 

campaign
Broken lines, illegal use 24.6%



Summary of DZ 33 flow balance results

As it is indicated in table, the NRW

values baseline at Yadoudeh area

(DZ33) was 36.3% in 2016 then

decreased to 24.6% at the end of 2017

after the rehabilitation works made, then

increased to (40-50) % at the beginning

of 2019.

DMA MONTH NRW%

2016

DZ 33E Aug-16 36.30%

DZ 33E Sep-16 36.00%

DZ 33E Oct-16 36.60%

DZ 33E Nov-16 24.70%

2017

DZ 33E Jun-17 23.85%

DZ 33E Dec-17 24.63%

2018

DZ 33E Feb-18 28.19%

DZ 33E May-18(1/5-9/5)018 37.05%

DZ 33 E May-18(21/5-28/5)018 25.09%

DZ 33E May-18(30/5/018) 35.16%

DZ 33E Aug-18 28.25%

DZ 33E Nov-18 30.25%

2019

DZ 33E Jan-19 50%

DZ 33E Feb-19 38%

DZ 33E Mar-19 45%

DZ 33E Apr-19 42%



Hydraulic modeling using Water GEMS software

In this field and to reduce NRW value, new hydraulic model using Water GEMS

software, is suggested by the researcher.

New hydraulic model includes a lot of corrective actions for district E:

 Redefining E district boundaries by dividing E districts to 4 DMAs E1, E2, E3,

and E4 with individual main feeder for each one.

 150 mm Poly Ethylene (PE) pipe was proposed as main feeder at the

entrance of district E3 including probability of future expansion in district.

 New water meter were added at the entrance of proposed districts E1, E2,

E4.

 Two Pressure Reducer Valves (PRV) was added at the proposed district E1

and the entrance of E3.



New boundaries of district E. Its worked through the Water GEMS 

software



Elevations of the proposed districts

DMA 

name

Custom

ers

Highest 

elevation 

(m)

Lowest 

elevation 

(m)

Difference in 

elevation 

within district 

(m)

Reservoir 

Elevation 

(m)

Static head 

(m) max. 

Elevation

Static head 

(m) min. 

Elevation

E1 236 850 825 25 911 86 61

E2 197 845 819 26 911 92 66

E3 476 854 818 36 911 93 57

E4 317 883 830 53 911 81 28

Average& peak demand of the proposed districts of E in DZ 33

DZ 

nam

e

Custome

rs from 

GIS

No. of 

perso

ns

Populati

on 2020

Current 

demand 

(L/D)

Average 

current 

demand 

(m3/hr)

Peak 

dema

nd 

(m3/hr

)

No. of 

junctio

ns

Average 

deman

d         

/junctio

n

Peak 

demand/ 

junction

E1 236 1,274 1428 285571 12 42 20 0.59 2.08

E2 197 1,064 1192 238379 10 35 9 1.10 3.86

E3 476 2,570 2880 575982 24 84 34 0.71 2.47

E4 317 1,712 1918 383585 16 56 24 0.67 2.33



The proposed schematic diagram of DZ33



It can be seen from the tables below, after the implementation of the correct 

parameters, the pressure decreased from 8.5 bar to (2-6) bar

Flex table-Pipe table of E4



Flex table- Junction table of E4

Calculation summary

As the calculation summary show in

Figure below, peak flow

supplied=flow demanded=1614m3/hr

and its very close to the calculated

demanded = 1618m3/ hr.



AWWA analysis

Water balance in Yadoudeh (DZ33) distribution network

 According to the water balance of the case study Yadoudeh (DZ33), the

total water been supplied was about 2.929 MCM while the total billed

consumption amounts to 1.784 MCM.

 The Non-Revenue Water for DZ33 is 26.1% in 2018 which constitutes

about 0.765 MCM. As it can be inferred that the model shows that 0.382

MCM (64%) of water losses are real losses while 0.216 MCM (36%)

accounts for apparent losses.





The water balance in DZ 33 (Yadoudeh) distribution network



System  attributes and performance indicators of DZ33 (Yadoudeh) 
distribution network



Real loss component analysis

Summary of real loss component analysis



The Infrastructure failure frequency analysis here in main pipes and service 

connections for water distribution network in Yadoudeh in comparison with 

the average failure frequency in North America is indicated in Figures below.

Failure frequency analysis



Awareness -location- repair time options for DZ33 (Yadoudeh)

Figure below show the total potential savings if location and repair time in the failures on

main pipes and service connections is reduced to (30-50)% The total potential savings in

leakage volume will be 0.062 MCM with a total potential cost savings is 407 USD.



The calculation of economic intervention frequency for proactive leak detection

Economic intervention frequency



Pressure management options

The estimated cost for the
implementation of the alternative
pressure management policy in
order to minimize the pressure to 50
meters head is almost 4 million
USD. The simple payback Period for
implementing alternative pressure
management policy is 2.7 years.

Pressure management has an effect
of the volume of real losses. Also it
has another benefits and impacts
such as; reduction in infrastructure
failure numbers, reduction in the
annual cost of repair and
maintenance, increasing
infrastructure lifetime.



Conclusions and 

Recommendations



Conclusions

 The NRW values base line 36.3% in 2016 then decreasing to reach 24.63% at
the end of 2017 after rehabilitation works then increase to (40- 50)% at the
beginning of 2019.

 New hydraulic model is proposed using Water GEMS software aim to reduce
pressure values from 85bar to (2-6) bar.

 DZ-33 was further subdivided to additional districts, Because of the
redistricting, the number of DZ- 33 districts increased from 8 to 10 according
to original hydraulic analysis model and from 10 to 13 according to new
proposed model.

 Leakage frequencies are so significant in Yadoudeh which indicates to low
efficiency of the distribution system. About 95 % of leaks are recorded in the
service connections in which pipe diameters are less than 100 mm and most
of the leaks took place in polyethylene.

 DZ 33 (Yadoudeh) water balance was developed based on AWWA water audit
software according to the data provided to the model its revealed that the
total water supplied about 3 MCM while the total billed consumption amounts
to 1.784 MCM.



Conclusions

 The Non-Revenue Water for DZ33 in 2018 constitutes about 0.765 MCM.

 As it can be inferred that the model shows that 64% of water losses are real

losses while 36% accounts for apparent losses.

 The component analysis found that the total annual reported losses in

main pipes are 0.045 MCM while the total reported losses in service

connections are 0.090 MCM

 The estimated cost for the implementation of the alternative pressure

management policy in order to minimize the pressure to 50 meters head is

almost 4 million USD. The simple payback Period for implementing

alternative pressure management policy is 2.7 years.



Recommendations

 There is need to identified water loss areas at distribution areas of the
network in other areas to conserve water in Jordan.

 It is recommended to automate the data collection process in the
distribution network that can be simply ease the work and enhance
the data accuracy. Updating GIS maps have also a critical impact on
data analysis.

 The hotspots area located in district E. so it’s recommended to make
cross sections at the borders of E1, E2, E3, E4 districts including
excavation works to determine if there is any pipes at location and not
identify in the drawings.

 It is recommended instead of rehabilitating the entire network to apply
systematic pipe replacements.

 It is recommended to increase the accuracy of meters and billing
system through the other districts of DZ 33 and applying automatic
meter reading (AMR)




