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Non-revenue water (NRW) is expected to L
be as one of the extensive challenges that e
Jordan water sector faces. Jordan is h——f —Cor
among the world poorest water country. \ " i{ﬂeh i

by taking Yadoudeh distribution area (DZ
33) as a case of study.

The study aims to reduce NRW in Amman %EE el | ég |\

DZ33 has an area of 36.5 km? and located
in the Southern part of Amman. The water / J

supply system is intermittent  with
approximately 9175 customers currently l
being serviced by Miyahuna.The

topography of the area is very complex g
encompassing hilly and low areas. — o Date: 02102019
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» 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.
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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.
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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.
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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.

vV VYV VY V

Start thinking of solutions upon the results of hydraulic analysis &
according to design criteria.

» Create elevation diagram for the proposed system.
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Modeling of NRW using applicable EPA and AWWA tools

AWWA free audit water software

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

: Billed Metered Consumption
B'"‘.d i Revenue
Authorized Water
Consumption Billed Unmetered Consumption
Authorized
Consumption
Unbilled Unbilled Metered Consumption
Authorized
Consumption | y,pjjled Unmetered Consumption
System Input
Unauthorized Consumption
Vaolume Apparent
Losses Metering Inaccuracies and Data | Non-Revenue
Handling Errors Watenr
Leakage on Transmission and/or
M minrE - Distribution Mains
Rl Lossss Leakae and Owverflows at Uility's
Storage Tanks
Leakage on Service Connections
up to Point of Customer Metering
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® NAWAMED 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.
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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.
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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.

No. of
Diamet | Diameter
er (mm) (in)

No. of
complaints
(Frequency)

2018

complaints
(Frequency)
2017

1/2 66 74
3/4 459 407
1 75 41
2 264 153
4 31 25

6 1
8 0 3

N
=

Non-revenue water reduction in
Amman: a case study of Yadoudeh area

Leaks per pipe material

According to the received data in the
table, the poly ethylene pipe has the
highest leaks frequencies

No of
Complaints
(Frequency)

2017

No of Complaints
(Frequency) 2018

157 157
696 549
12 7
. 0
0 0
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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 DzZ 33 was originally designed to include 8 hydraulic districts
A,B,C, D E FG and H all fed by Yadoudeh reservoir and tower.
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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.

SETeE

N
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The characteristics of the 10 districts in the Yadoudeh are listed as
itis in the table

 OvANeme | customes | Avalkmd)
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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) .
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Elevations analysis of the proposed districts (original model)

Static Static
Head (m) | Head (m)
Max. Min.
Elevation Elevation

Highest Lowest Difference in Reservoir. Tower
Customers | Elevation | Elevation(m | Elevation Within Elevation Elevatio
(m) ) District (m) (m) n(m)

| 33A LY 923 857 66 9335 765 10.5
EEIN un 882 852 30 911 59 29
G 1323 893 838 55 933.5 955 40.5
| 33C2 [PIET 850 812 38 911 99 61
| 33D1 [ 875 803 72 911 108 36
EN 2 890 816 74 911 95 21
RN 1226 874 824 50 911 87 37
| 33F [EEES 877 785 92 911 126 34
| 33G RV 841 793 48 911 118 70
| 33H TN 890 860 30 933.5 735 43.5
| Total IV
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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.

. Current Average
Customers  No. of Population Demand Current
from GIS  Persons 2025 (L/D) Demand
(m3/hr)
WS3AN 1507 8138 0118 1823540 76
8B 171 6323 7085 1416964 59
W88 1323 7144 8004 1600891 67
188C20 2099 11,34 12699 2539887 106
W8P o974 5260 5893 1178585 49
8sbp2 22 119 133 26621 1
WSEEN 1226 6620 7418 1483517 62
W8F N 131 707 793 158516 7
D886 334 1804 2021 404155 17
WS8R 388 2095 2347 460498 20
et 9175 463

Peak
Demand
(m3/hr)

266
207
233
370

172
4

216
23

59

68
1619

No. of
Junctions

200
147
284
281

155
3

107
27

65
28

Ave. Peak
Demand/ Demand/
Junction Junction

0.38 1.33
0.40 141
0.23 0.82
0.38 1.32
0.32 1.11
0.37 1.29
0.58 2.02
0.24 0.86
0.26 0.91
0.70 2.45
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Figure show the primary and secondary main feeders for each district in

DZ 33

Yadoude Tower
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The schematic diagram of DZ33
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1 :?g Calculation Summary (1: Base)

[y B v @

Time (hours) Balanced? Trials  Relative Flow Change Flow Supplied (m2*/h) Flow Demanded {m?2... Flow Stored {m3/h)
) 2l Time Steps(1) True 5 0.0003275 451,15 451.15 0.00
Po.oo True 6 0.0003275 451.15 461.15 0.00

Information  Status Messages Trials  Intra-Trial Status Messages  Run Statistics

Time Step Element ID  Message

Show this dialog after Compute
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Determination and quantification of NRW

Table illustrate NRW measurements and calculations

Hydraulic isolation of 10 districts in DZ-
Isolation (baseline) TS ! 33 ISHTICES | 36%

Replacement of 1,041 mechanical
Water meter replacement , 27%
water meters to E33 -DZIN ultrasonic
Rehabilitation, leak detection , .
Broken lines, illegal use 24.6%

campaign
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As it is indicated in table, the NRW [CTT N TR SIS
values baseline at Yadoudeh area G

(DZz33) was 36.3% in 2016 then HEENCEENNNN Aug-16 36.30%

decreased to 24.6% at the end of 2017 MRS >ep-16 36.00%

e I E Oct-16 36.60%

after the rehabilitation works made, then g e Nov-1E 0. 70%
increased to (40-50) % at the beginning

of 2019. | Dz33E | Jun-17 23.85%

 bzaE Dec-17 24.63%

| D733k | Feb-18 28.19%

VRS May-18(1/5-9/5)018 37.05%

DTEETE  May-18(21/5-28/5)018 25.09%

DR May-18(30/5/018) 35.16%

| D733k | Aug-18 28.25%

| Dz33E | Nov-18 30.25%

2019

| Dz33E | Jan-19 50%
| Dz3E | Feb-19 38%
| Dbz3E | Mar-19 45%
| DZ33E Apr-19 42%
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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, ES,
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,
EA4.

Two Pressure Reducer Valves (PRV) was added at the proposed district E1
and the entrance of ES3.
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New boundaries of district E. Its worked through the Water GEMS
software
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Elevations of the proposed districts

. Difference in . . .
Highest Lowest ) Reservoir Static head Static head
DMA Custom ! . elevation . )
elevation elevation e . Elevation (m) max. (m) min.
name ers within district . )
(m) (m) (m) (m) Elevation Elevation

850 825 25 911 86 61
197 845 819 26 911 92 66
476 854 818 36 911 93 57
317 883 830 53 911 81 28

Average Average
Custome . Current : No. of deman Peak
Populati current . .
rs from demand junctio d demand/
GIS on 2020 (L/D) demand /iunctio junction
(m3/hr) : :
236 1,274 1428 285571 12 42 20 0.59 2.08
197 1,064 1192 238379 10 35 9 1.10 3.86
476 2,570 2880 575982 24 84 34 0.71 2.47

317 1,712 1918 383585 16 56 24 0.67 2.33
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It can be seen from the tables below, after the implementation of the correct

REGIONE AUTONOMA DE SARDIGNA
REGIONE AUTONOMA DELLA SARDEGNA

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

Flex table-Pipe table of E4

[ FlexTable: Pipe Table (Current Time: 0.000 hours) (DZ33-0NLY E.wtg) - a
B -B(fean BB -
Length + " hack | MnorLoss o e Headloss Has User ey Age Age
D Label (Scaled) | StartMode | StopNade ?m"‘m;”~ Materi |V SRk | coeffcent (;’th ”ﬁT“’E;“’ Gradient Defined DE[LF*:;J (Calculated) |Madmum)|  Is Active?
(m) ) (Local) (mjm}) Length? m) (haurs) i

389: E4-13 38| E+13 3/E45 |e+s 50.0 | PE 0 0.000 176 | 0.25 | 0.002 | r 0 om | e | ~
4581 E4-14 4581 [E4-14 . 71 [E4-21 |22 50.0 | PE .0 [ 0,000 L7 | D.25 | 0,002 r o A | [
5548: E4-15 5548 |E4-15 64 |E49 E42 50.0 |PE 1.0 0.000 176 0.25 | 0,002 r 0 N | e | [~
§413: E+16 8413 |E<-16 _ 101 E-27 410 50.0 | PE 10 0.000 1.7 | 0.25 | 0,002 W 101 nm | e | W
§435: E4-17 8435 |E4-17 172 | E4-16 E4-20 50.0 |PE .0 [ 0.000 -1.76 0.25 0.002 W 177 oAy | v ~
9675: E4-18 9575 |E4-13 49 |E4-15 |eas 50.0 | PE @ [ 0.000 178 | 0.25 | 0,002 r 0 omy v | 7
8676: E4-18 5676 E418 3lpas E45 500 pE o 0,000 1% | 0.25 0002 o | om|
96862 E4-20 9686 |E4-20 91 |E4-13 E4-17 50.0 | PE 130.0 r 0.000 1.76 0.25 0.002 I~ 0 (W] (Nfa) v
§713: E4-21 9713 [E4-21 72 |E44 |3 50.0 | PE @0 [ 0.000 176 | D.25 0,002 r o] | | 5
1809: E4-6 1809 |E46 3 |E4-10 E411 100.0 | PE 1.0 0.000 353 0.12 | 0,000 r 0 oy e | ]
5590: E410 | 5590 [E+10 | 65 E423  |E7 1000 |PE o0 0.000 5.2 | 0.19 poot| I 0] na) | | R
BSHLEST 8541 [E4-7 _ 12 E+12 |13 1000 |PE wa 0.000 3.53 D.12| 0.000 | W 1| | | W
8581: E4-8 8581 |E48 18 |E4-5 E43 100.0 | PE @0 0.000 3.53 n.12| 0,000 7 ) omy | v | 7
3085: £4-2 s08sEe2 187 £58 |e42s 100.0 | PE 10 0.000 17| 0.05 0000 [ o, om| | W
50%6: E4-3 9096 E43 317 E4-23 E4+6 100.0 | PE 130.0 r 0.000 1.76 0.06 0,000 ™ 0 (NfAa) (/e I3
9602: E4-12 9802 [E4-12 265 |E4-1 |ga-7 1000 |PE @0 [ 0.000 6.35 | D.22| 0,001 7 265 | | 5
9634: E4-23 9634 |[E4-23 2|Ea7 £45 100.0 | PE 1o 0.000 8.82 0.31 0,001 [~ 2 o) | o | W
10301: E4-27 10301 [E427 56 E4-14 |e412 100.0 | FE 130 [ 0.000 14.83 | 0.52 | 0.004 | W 55 ovay | v W
10499: E4-24 10499 [E4-24 _ 5 E412 411 1000 |PE .0 [ 0.000 9.53 0.34 0,002 W 5 A | | 5
10500: E4-9 10500 |E4-9 53 |E4-11 E47 100.0 | PE 1o 0.000 424 0.15 | 0,000 ~ 54 oy v | [
11763: E422 11785 [E4-22 . 493 3423 |4 100.0 | FE 130 0,000 6.51| 0.23 | 0,001 | W 45 pia | v | W
4757 E4-5 9757 |[E4-5 4 |E49 E414 100.0 | DI 2.0 [ 0.000 5.14 0.18 0.001 r 0 oAy | (v W
10892: E4-4 10892 |E4-4 63 |E4-18 |Ea-20 100.0 | DI 0 [ 0.000 L7 | 0.06 | 0.000 | W 63 oy e | 5
11253; E4-11 11253 [E4-11 95 E4-20 |ea-22 100.0 I wo 0,000 5.2 | 0.1 | 0,001 | W 85 oy | e | W
11738: E+1 11738 [E+-1 119 E4+1 E45 100.0 | DI 2.0 [ 0.000 -1.61 0.06 0.000 7 115 oAy | e W
11795: E4-25 11795 |E4-25 5 |E4-22 |29 100.0 | Ductie 1 3.0 [ 0.000 B.64 | 0.31] 0,001 r o] I 5
11798: E4-28 11798 [E4-28 204 |E4-19 E414 100.0 | DI 2.0 0.000 2173 0.77 | 0,009 7 292 oy | v | [~
1175%: E4-26 11759 |E4-26 3 E424 |e419 100.0 | Ductie 1 130 0.000 8.64 | 0.51 0.001 r 0 oE) | e W
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Calculation summary

@ NAWAMED As the calculation summary show in
Flex table- Junction table of E4 Figure below, peak flow
supplied=flow demanded=1614m?3/hr

- P Curat T G0 e D01 4t and its very close to the calculated

SRR YR - R 1618m?/ h
demanded = m3/ hr
al Hydrauic .
D (:ﬂ (:1] Libe E"{’r:;w” Y e m m G;‘ﬁ FTE:;';‘ Ts Active? .ﬂa*
S41:ELL TEATLH| 405175 B4 8100 E <Colecton: 15 M w W I[E )
5548 41 5549 23500825 14037507 B4 ESE.DD.E <Collection: 1.7 880 197 W |
1576: E43 1576 | 235,08L78|  140,481.50 43 855,53 |E <Callection: L7 88,1 320 ¥ Time (hours) Balanced? Trigls  Relative Flow Change  Flow Supplied (/) Flow Demanded (m*...  Flow Stored (m/h)
68: E¢+4 §68| 2%, 14051709 F4 [ msoofe Colection: | s e 1w R Oummesest)  Tue 7 0000105 161404 161404 0.0
7800: Ed-6 WO 2%0400| 1052483 E44 [ wmole <Colection: | L% 8101 m W 0o True 7 0.000105% 161404 LEM04 0.0
300: £45 | OB 1404M.3%|Ee B5482 ¢ <Colection: LE s 2 W
3115547 5| E0msl| 104693 4 B5475 B <Colection: LB s I
39 644 Bl 2005 AR E4 G <Colectn; | 1% eB s
T07:E49 787 TE95LIE| 14043475 E44 35400 E <Colection: \E| s W W
1810: E4-10 B0 2044|1048 40 B350 ¢ <Colection: LE % W W
1611: E+11 Bl 26085 10,409 F+1 #5309 € <Colecton: | Lh EYTUR
1063: E4+12 063 2%0M400| 1404303 E+12 B5293 |E <Colecton: LB ey I
1600: E4-13 00| 20087 14043085 |43 3292 E <Coleciin: | 1B % W
363: E4-14 % VEOBG| 14040508 F44 B5200 | <Colection: 1% mae 15 W
5001 E415 5001 23%,10560|  140,428.07 E4-15 849,00 E <Collection: 1.7 813 38 W
091 E+ 16 6051 25,1955  190,414.35 [E+16 346,00 £ <Colecton: LB ®0® 2% W ‘
20 E+18 r0| 04N WALMEE | BSN[E <Colecton: | LB 0% W | ifomaon | it Mescoges T _ i Saus Mesages Run St
£458: EAL17 oam| 20| 1403511 407 [ ssmle <Colection: | 1% 888,08 in| W Time Step EementD Message
17%: 418 e zein0 19,1082 e 84208 [dione> | <Colecton: 00| a0l i W
1051 E420 61 %0642 190,260.91 E40 §41.00|E <Colection: LB 0% i W
3608; E421 BB 2128 140,147.06 B4 | woe <Colectn; | 1B e 57 W
6L E422 6 267L0|  140,99.30 42 3400 E <Colection: I I
11794 44 e 2| 10,1050 e 83300 [dione> | <Colecton: 0o L s W
5591 423 991 THI4S| 192205640 83100 ¢ <Colection: LB L s W

i Shaw this dialog after Compute
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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.
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AWWA Free Water Audit Software: - NON-REYENUE YATER

NON-REYENUE VATER: [ T64.628 | mm

= Waker Lozzes « Unbilld Metered + Unbilled Unmebered

Bl | cigswasdiniin | yater Audit Report for:[Miyahuna-Jordan Yater Company
¢ | T Reporting Year:| 2018 | 12018 - 1212018 5SYSTEM DATA
Toselect e coect it radig o e mgu, defemine e et grde Length of main: [ A +* T3] Hiometurs
where the utiity mests or exceads al ertera for that grade and all rades beiow laster Meter and Supply Errar Adjustments Mumber of gative AMD) iactive senvice cannections: JER AL 5400
VATER SUPPLIED TR— Enter grading in column 'E' and 'J' ~emeeee Fant Yalue: Service canneetion density: 1| conntbm main
Yolume from cwn sources: AL 2928280 MU [+] 7] B0 ML Hre customer meters typically located at the curbstci!:n c;r
Yater imparted: JE3 I 2000] waLrve [ +]7] 0 ML praperty ine? g o szvio e, by e
a gt of senice I, beyond e prcpery
Water exported: [E0 I 7 0.000] wLrte [+ 7]] &0 ML Lverage length of customer service fine ﬂ 80| metres bounckry, ks th rasgonsisity of he uiey)
Enter neqative £ ar alug for under-registration
VATER SUPPLIED: [ 2929.280] e Entet positive 7 of valus for over-tegistratian fwerage cpersting pressue: AL e\ 9] metee o)
AUTHORIZED CONSUMPTION Clck here: [
Billed meterec: JE JEH 1784200 MLt for help s i
Billed unmeteredt [ I 7 0452 ML b 25 COST DATA
Unbilled metered: 23 G < 1302111 wLrr Font: Walue: .
Unbiled urmeterec: NI TEE] MU Tl o] MUt Totgl an.nual ot of aperating water system: [E1JEA 7 $LEABEES| e .
Default option selected for Unbilled unmetered - a grading of 5 is applied but not displayed A Cust':'mler retal uni tfm (applied tl.:l Apparent Losses) “ 038 WIUUU tres
AUTHORIZED CONSUMPTION: | | 2,331479) mu: - ﬁﬁfﬁ:g:ﬁl Wariable production cast (spplied to Real Losses], [ A + $6.62) $iMegalitre [T Vse Customer Real Link G5t o value real eses
suplied
Ok

vl
WATER LOSSES (Vater Supplied - Authorized Consumption) 597.801, murrr . WATER AUDIT DATA VALIDITY SCORE:

Apparent Losses Pent: vy e - -
Unattharized consumption; I8 I ‘ ML - ML YOUR SCORE I5: 67 out of 100

Default option selected for unauthorized consumption - 3 grading of & is applied but not displayed # weighted scale for the components of consumption and water lass iz included in the caloulation of the Water Audi Data Validity Scare

Customer metering inaccuracies: 16 204403 mLive O % 204009 ML
Systematic data handing errors: 5 I 4461| ML LR wiree | PRIOBITY AREAS FOR ATTENTION:
Default option selected for Systematic data handling errors - a grading of 5 is applied but not dis| Based on the fomat ” i " bei 4 by addressing the follow -
Apparent Losses: |l MLm 3380 on the infarmation provided, audit accuracy can be Improved by addressing the fallawing compaonents:

[ 1 Volume from own sources |
[ 2 Billed metered |

| 3: Customer metering inaccuracies |

Beal Losses (Current Annual Real Losses or CARL)
Real Losses = Yater Losses - Apparent Losses: [ 361.908 | rurr

YATER LOSSES: [ 597.801 mum
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The water balance in DZ 33 (Yadoudeh) distribution network

Water Audit Report for:
Reporting Year:
Data Validity Score:

Miyahuna-Jordan Water Company

2018

172018 - 1272018

67

Own Sources

[Adjusted for
kKnown errors)

2,925,280

System Input
2,929,280

Water Imported

0.000

Water Exported

Water Supplied

2,929,280

Authorized
Consumption

Billed Authorized Consumption

Billed Water Exported

-
Billed Metered Consumption (water

exported is removed)
1,784,200

2,164,652

Billed Unmetered Consumption
280,452

Revenue Water

Revenue Water

2,164.652

2,331.479 Unbilled Authorized Unbilled Metered Consumption Non-Revenue Water
Consumption 130.219 [NRW)
T66.827 Unbilled Unmetered Consumption
J6.676
Unauthorized Consumption T64.628
Apparent Losses 7.323
215.893 Customer Metering Inaccuracies
204,109
Systematic Data Handling Errors
Water Losses 4.461

597.807

Real Losses

Leakage on Transmission and/or
Distribution Mains
Not broken down

381.908

Leakage and Overflows at Utility's
Storage Tanks
Not broken down

Leakage on Service Connections
Not broken down
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System attributes and performance indicators of DZ33 (Yadoudeh)

distribution network

AWWA Free Water Audit Software:

WAS vE.D

System Attributes and Performance Indicators Gopyright @ 20114, All Rights Reserved,

Water Audit Report for:
Reporting Year:

Miyahuna-Jordan Water Company

018 || 120181212018 |

" YOUR WATER AUDIT DATA VALIDITY SCORE 15: 67 out of 100 =

Performance Indicators:

Operational Efficiency:

S Non-revenue waler as parcent by volume of Water Supplied: |
inancial:
Non-revenue waer as percent by cost of operaing system: |

|
|
Real Losses per length of main per day*: |
Losses per service connecion per day per meter (head) pressure: |

From Above, Real Losses = Current Annual Real Losses (CARL): |
[Elhrasiructure Leakage Index (ILI) [CARL/UARL]: |

Fetum fo Reporing Workshest io change his assumpiton

26.1%)|

T.2%| Real L osses valued at Variable Produciion Cost

Apparent Losses per service connedion per day:

109.53 | lres/connecion/day

Real Losses per service conneclion per day:

N/ lires/connecioniday

3,116.19 | resfkmiday

N/A|lires/connecioniday/m

381.91|MLy=ar

1.08]

* This periormance indicaior applies for sysiems with a low service connecion density of less than 20 service connedions/kilometre of pipeling
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Real loss component analysis
® NAWAMED

Summary of real loss component analysis

REAL LOSS COMPONENT ANALYSIS RESULTS
System Companent Background Leakage HE’P““E’[‘ Unrelpnrted Total
Failures Failures
iy ) My )
Resenvoirs - - -
Mains and Appurtenances 131.48 £5.58 - 177.02
Service Connections 160.31 89.83 - 230.14
Total Annual Real Loss 291.77 135.40 427.17
Real Losses as Calculated by Water Audrt 381.91
Hidden Losses/Unreported Leakage Currently Running Undetected - 45.26|
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Failure frequency 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.

WaterRF 4372: Real Loss Component Analysis: & Tool for Economic Water Loss Control

YWater Audit: Jordan-Miyahuna, Amman, Jordan, 2018

INFRASTRUCTURE FAIL URE FREQUENCY ANALYSIS

|Value to be entared by the user
alue is automatically filled in/calculated by Model
|Recommended default value

| Jordan-Miyahuna

Jordan-Miyahuna

Tatal Mumber of Mains Failures Reported far W ater Audit: Jardan-
Miyabuna, Smman, Jordan, 2018

135

Tatal Number of Service Cannection Failures Reparted for 'water Audic
Jordan-Miyahuna, Amman, Jardan, 2018

543

Total Length of Mains

335.8| (kilometers]

Tatal Number of Service Cannections

5,400| [semice connections]

Failure Frequency Jordan-Mivahuna

551 (rumber M00kilometers { yrl

Senice Connection Failure Frequency Jordan-Mivakuna

100, 7) [number £ 000 service connections | )

fyerage Failure Frequency in Morth America Based on Literature Review
- ‘waterRF 4372

155 (rumber MO0kilometers {yrl

At Unavoidable Anrual Real Lasses (UARL] Companent of Peparted

Senice Line Failures

3.75/ [number #1000 service connectians | )

Failure Frequency for Optimized Distribution Sustems (Friedman 2010)

3.3] (rumber M00kilometers | url

Ratio of Failure Frequency to UARL Break Frequency

211

Mains Failure Frequency Comparison

-~ ®maop 40—
T 3

-

§ 400 +—
%

E

S a0 4+—
g

T 200 ———
5

o

E

=

E

Frilure Frequency Jordar-Miyabune  dwerages Failure Fraquenay in Norf

D — —

Frilure Frequency for Cptimized

Amerioa Based on Litemture Aeview - Distribution Systems (Frisdman 20101

'WearifiF 4372

Service Connection Failure Frequency Comparigon

800+

600 -

40.0 4

20.0 4

[number | 1000 serviee connestiens | yr)

Service Conrection Failure Frequency Jorden-Kiyshuns ANWWA Unevoideble dnnuel Fesl Los ses (UARL) Component of

Fiegorted Service Line Falures
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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.

Reported and Unreported Failure Events

Failures on System Appurtenances Reported  Unreported
Faimres on Mams Reporied _ Unreported Total Number of Failures on System Appurenances in 2018 - -
Total Number of Failures on Maing in 2018 185 : Average locafion and repai duration days
Average location and repair durafion 10 days Total Volume lost (temming rom location and repair duration : (MU
Total Volume lost (stemming from location and repair duration ) 365 (ML) Tl CastofVolume ot lamming fom ocafon and el durt $ $
Total Cost of Volume lost (stemming from location and repair duration ) 24118 Ol st Folume oz (semmmg om ocahon andepair dura on) '
What IF Location and Repair Duration is Reducedto 03 days What IF Location and Repair Durafion is Raducad o days
Percent Reduction 70% 0% .
Potential Related Savings in Leakage Valume 255 ML) PercenltHeduchun — s i
Potential Related Savings in Leakage Volume Cost 169 |3 Potenta HelatedSawngsm Leakage‘u’ulume (ML
Potential Related Savings in Leakage Volume Cast $ - |§
Service Line Failures Reported  Unreported
Total Number of Failures on Service Connections in 2018 549 - —— - - —
Average loation and reparduraon 10 g Total Potential Savings if Location and Repair Duration is Reduced as i - w
Total Volume lost (stemming from location and rapair duration ) 719 (ML) Simulated in the Above Sections
Total Cost of Volume lost (stemming fram location and rapair duration ) 476 |3 Total Potential Cost Savings if Location and Repair Duration is § s Par
' ' ' ef Tear
Reduced as Simulated in the Above Sections
What IF Location and Repair Duration is Reduced to 05 days
Percant Raduction 50% 0%
Potential Related Savings in Leakage Volume b8 (ML) , -
Potentl Relaed Savings n Leakage Volume Cos %3 41019 E2014 Water Research Foundation. ALL RIGHTS RESERVED.
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Economic intervention frequency
@® NAWAMED

The calculation of economic intervention frequency for proactive leak detection

WatetRF 4372: Real Loss Component Analysis: A Tool for Economic Water Loss Contral Variable Cost of Real Losses
cv Variahie Production cost (applied to Rel Losses): 0.01)3m3
Water Audit: Jordan-Miyahuna, Amman, Jordan, 2018 B62|5ML
CALCULATION OF ECONOMIC INTERVENTION FREQUENCY FOR PROACTIVE LEAK DETECTION
Gl Cost of comprehensive leak detection survey (excluding leak repair cost) 20.00[5km
System Characteristics 30,2218 for ente system
Total Length of Mains 335.8| kiometers
Number of Service Connections 5 400 |senvice connections RR Average Rate of Rise of Unreparted Leakage 3.00| m3km of mains/day in 2 year
Senice Connection Densiy 16,1 conn iometer main 0TjMLcayinz yea
Average System Pressure 80.0/metes (head) olcv[ 132 nkm
Water Balance Results EF Economic Intervention Frequency [0.783* (CIICV)/RR] ~05 59 8| maonths
TBL  Cument Annual Background Leskage 291 7MY E— e Lok R 1;;22 ja“
CONOMIC INTEFVENTON rrequency - AVerage Leak nun [ime 4|03ys
(AL Rea osees from CutentRepared Leakage L Economic Percentage of System o be Surveyed per Year 20|%
UL Unreported Faiures Identfied Through Existing Proactive Leak Detection Program - |MLAT
Hidden Faures/Unreported Faiures not Identfied or Captured by Current Leakage 5% ABI Average Anruzl Budge for Intervertion (Proactice Leak Detector)| 6,085 $fyear
Management Poicy ML
EUL Economic Unreported Real Losses 916, 171 m3fyear
918.2{MLiyear
CARL  Curent Al Peal Loses Rl Economic Infrastructure Leakage Index (ILI) 38
UARL  Unavoidable Annual Real Losses 335.06({MLYr
Infrastructure Leakage Index (ILI) [CARL/UARL] 11 PRL Potertiall Recoverahle Leakage (CARLCRLEULTRLUL)|.  9614|MLjyear
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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.

Pressure Management Opportunities

e Pressure management options

Existing Pressure Management Policy

Current Average System Pressure 85.0|metres (head)
Total Annual Real Losses 381 S|MLYr
Value of Real Losses 2 528| 8fyear
FAVAD N1 Value Used for Calculation of Real Loss Reduction Due to Reduction of Average System Pressure
 Use Defaut N1 10
0 Use System Speciic M 12
Enter % of rigid pipes and sarvice connections in system %
I 11
Alternative Pressure Management Policy
Assumed Reduction in Average System Pressure 50.0|metres (head)
Assumed % Reduction in Average System Pressure 5%
Real Loss Volume Saved Through Alternative Pressure Management Policy 224 TIMLYr
Value of Real Loss Volume Saved Through Atemative Pressure Management Policy 1,487|3Year
Enter Estmated Cost of Implementing Aternative Pressure Management Policy 4000000 |3
Simple Payback Period for Implementing Aternative Pressure Management Policy 2689 61Years
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>

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.
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> 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.
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>

>

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)
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