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the worst with many cracks in the concrctu wall and exposed rcmforccment It would appear to
be mopcrable

_ Storage capacity, year of construction, conﬁgtifation and structure of the tanks are summarized

in Table - 4.9. Total storage capiacity of these funclioning tanks is 51,100 m3, equivalent to 20
hours of water consumption in Zarga District. * As far as this number is concerned, storage
capacily is scemingly sufficient to supply water on'a continuous basis.

In addition, there are 9 abandoned reservoirs in the service area; three in Rusaifa, one in Zarqa,

- three in Hashemeyeh and tivo in 'S'ukhﬁa, of which total storage capacily exceeds 2,000 m3.

4.6 HOUSE CONNECTIONS

~The SIandﬁrd drawing for the installation of house connections prepared by WAJ does not

specify delails of the installation tethod but rather simply lists the materials required. WAJ
makes branch connections by to culting (he service mains and installing a tee (T) with threaded
ends. This method is slightly obsolete and can lead to leakage at the joints. To minimize the
risk of leakage, the standard method in Japan and most devetoped countries is to use saddles,
clamps and stop cocks to branch from service mains,

Meters are installed on all subscriber connections. Most of the meters are located in the
customers' yards but sometimes they can be found inside their homes which makes it difficult
for WAJ staff to monitor and maintain. The UFW survey suggests that meter tampering may be
one of leading causes for the high percentage of unaccounted-for water. '

It was also observed that some largc consuriers have plural meters on lhcn‘ prcmises o avmd_
paying the higher tariffs set by the progressive block structure. This’ sﬂuamn whether legal or
not, does not comply with the original intent of the water tariff siructure.

As described in the preceding section, most households have roof tanks to store water. Tank
storage capacity is tin3 of 2m3 for 2-3 days of storage. According to the survey conducted
under the present study, residual chlorine levels decrease by half alter 36 hours storage. Lower

- chlorine residuals may no lb‘nger be sufficient to provide effective disinfection. Contact with

foreign matter or wastes which is highly probable would contaminate the water immediately.

4.7 umcCoumEDfoR WATER

To ldenhfy ma_;or componcnls of UFW and leak pattems of the p;pe nctwork, UFW survey was

: camcd out undcr the current study Under this headmg, the resulis of UFW survey and its
~findings and rccommcndatton are outlined.
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Survey arcas are selected in consideration of hydraulic profile, water pressiire distiibution; pipe
~network characteristics, and sociocconomic conditions: three- pilot areas for Cofnbined and

" District Metering Method, including (1) Rusaifa, (2) Al Ghoasieyeh, (3) Jasiaa and Zarqa

Refugee Camp and five areas for Meter Replacement Method, including (1) Rusaifa,” (2)
Hasheineyeh; (3) Sukhna, (4) Al Ghoaricyeh, and (5) Awajan. Thiey are all shown in Fig. -
4.4,

Distributiion maing and service connections laid-in each area have general characteristics which
are poitrayed on the following two coordinates in terms of pipe age and water pressure, ‘and
briefed hereunder. ' ' - ' '

DISTRIBUTION MAINS SERVICE CONN. & METERS
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- Note: (Za), (Gh), (Ru), (Aw), (lla)'ﬁmi (Suj dénote,s pitot and/or subzone 'areas,.?’:irqa Cam'p'and Janaa,
Al Ghoaricyeh, Rusaifa, Awajan, Hashemeyeh, and Sukhna respectively.

4.7.1 Method Applied

CHWM method is generally cffective for leakage control and pipeling maintenance. To this end,
service area blocks are usually separated into several subzones by boundary valves. Inflow to
‘the block drops simultancously by closure of the boundary vatves at cach subzone. Draw down
of the inflow rate suggests which subzonies leakage or water losses doninate.

Meter Replacement method aims (o identify major reasons of water tosses from relatively small
pipelines including service mains and house connections.  This method may be applicable for
smaller service blocks than those of the CDWM nthod.  Before and after cusiomer meter
replacement, all meter are read twice. Difference in these meter reading provides information on
magtiitude of meter inaccuracy and any other water losses riflatcd to the custorier meters, while
difference between total amount of customer meter readings and inflow rale o the zone gives

4-10



_ Chapicr 4/MP
“ UFRW ratio. Further, measured minimum night flow can be assumed as amount of leakage from
- the pipe works.

Followings were major procedures undertaken for CDWM.

1) prepare mags with a scale of 1:500 or 1:1,000 which show disiribution pipefines
including smaller pipe neiwork, based on information from WAJ staff and the pipe
detection by using pipe and valve locators.

2) setup szubzbnés from the pipe an{i valve alignmient,

3) confirm that all inlet and outlet valves are completely closed by sounding water flow and
that all water arg supplied to the arca completely through the boundary valves.

4) confirm the area completely isolated.

5) measure average m‘idnighl'ﬂow at subzone.

6) close valves by area to confirm zero flow,

7) conduct step tests by closing valves and measuring draw down of flow rate.

8) compute leakage ratio by area.

Following procedures were wndertaken for meter replacement method.

1) conduct topographical survey and prepare maps of subscribers and service mains
contained in the subzone by means of pipe locators arid information by WAJ staff.
2) conduct pipe detection survey to locate illegal connections.
3} confirm the area completely isolated by closing alf infet and outfet valves,
- 4) confirm all roof tank saturated. { _
5) measure inflow by reading all customer nieters and outflow by ullrasonic flow meters
for continuous 24 hours, :
'6) measure minimum night flow by ulirasonic flow meter.
7) compare inflow and outflow rates to obtain UFW ratio and compute leakage ratio from
the minimum night flow.
8) replace all house meters.
'9) reiterate procedures above from 3) to 7).

4.7.2 Results of Survey
" Results of UFFW survey at each arca are portrayed in the figure below.
“The lcakagé from distribution mains is delected siginificant particularly in old distribution mains

" under high water pressure like in Ghoarieyeh. * But the pipe works in Zarqa Camp and Janaa
“and Rusaifa installed in 1980s and 1990s has selatively small percentage of leakage.

4_'—]1_



Chapler 4/MP
Leakage from house connections and service mains is generally in a range betweea 10% and
15% in every arca. But Awajan area where high water pressure dominates recorded
extraordinary high teakage ratio of 25%. ' |

LEAKAGE FROM LEAKAGE FROM
DISTRIBUTION MAINS " ~ SERVICE CONN. & METERS
10%  20% 30% 10% 15%
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""+-
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——

Ad~—  aqg b o -
| ew  AGE o < AGE ou

Note:

1) Leakage from distribution mains excludes that feom service mains and house connections.

2) Flow meter measurement made at Ghoarieyeh subzone area was nol successful because of much air containodin -
the pipod water. Al Sukhna area, costomers coof tanks could not be saturated before lmua!mg sunvey due o g
extremely low waler pressure.

3) (Za), (Gh), (Ru), (Aw), (Ha) and (Su) denotes pilot and/or subzone aréas, Zarga Camp and Janna, AI Ghourieyeh,

Rusaifa, Awajan, Hashemeyeh, and Sukhna respectively.

Results of survey are also described hercunder rcfernng to COWM Method and Meter
Replacement method,

(1)  CDWM Method

The survey in Rusaifa pilot area suggests around 27.8% of leakage ate responsible from its old
pipe works and house connections. It is assumed leakage from riwjor pipe works rehabilitated
in 1986 and 1987 is relatively small.

The step test at Ghoarieyeh pilot arca shows particularly high percentage, 70%, of lczikagé from

distribution mains of 150 mm - 100 mm, which were laid in 1960s. and have been [eft without @
proper maintenance. It also suggests minor amount of leakage from the service pipelines and

house connections, all rehabilitated in 1980s. :

The survey at $anaa and Zarqa Refugee Camp found about 30% of leakage in avcrage‘allhough
most of the old deteriorated pipe works have been replaced in 1980s and 1990s. More than half
of the leakage are probably taking place &t the old house connections and se_rvicé ;iip‘clihas
installed in 1960s. ' ' |
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(2) © Meter Replacement Method

The survey al Rusaifa drea found 14.3% of lcakflgc whrch dropped sngmﬁcmlly to 3.3% after

meter replacerient. This may imply most of water losses at service pipetines are resulting from
meter inaccuracy and/or illegal water use by mieters tampering, elc.

Hashemeyeh area showed a fow level of leakage, ‘10%. The value was stablc before and after
meter rcp]aoeinc'n_t.?This can be c'xplaifhed from thé fact that the low water pressure dominates
the area and ré!miv’ély' new house connections: Fuﬂhcrmorc, 1ic;‘irly aquarter of the meters and
pipes laid in the arca had been rehabifitated by WA, just before initiation of the field survey.

As for Ghoarieych aréa, UFW survey was not successful due'to air bubble in the water. One
out of three ulicasonic flow meters installed cecorded extremely lasge flow rate. Measurement
was made several timés biat all were in vain.

Residents in Sukfina area, dma fo insufficient diameter of 100niin main, cannot receive waler on
continuous basis. Efferts made by WIA.I Zarga to supply water incessantly before initiation of
the URW survey could not avercome this situation. Mbsl’stbmgc roof tanks in the survey area
could not be saturated. This may be understood from the survey results that the flow rate in the
night time exceeded that of the daytime flow and any minimum night flow was not observed.
The UFW ratio oblairied, however, suggests a large percentage of leakage and waler losses are
occurring from its old deteriorated pipe works.

Unaccounted-for waler ratio in Awajan arca decreased from 27% te 20% by meler replacement.
On the other hand, leakage ratic stands almost constant rate of 20%. This implies major
component (20%) of UFW is feakage and the remaining 7% is water losses due'to meter
inaccuracy and tampering by customers. ' '

In addition to the above, UFW and leakage ratios in all arcas are averaged to overdook major
component of water losses at distribution nains, service miains and house connections. Figure
below illustrates the averaged UFRW and leakage ratios obfained. In computing these averaged
figures, pressure difference between the areas is not taken into consideration.
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Average UFW Ratio

CDWM o . Befoféﬂﬂ% - Afle'r_r&U;R'

MDtion M,
Gervice Mains & Comectio@ C AtService Mains & Connections )

Legend;
1) Accounted - for water (AFW)

: 2) Water losses due by illegal water use, meler inaccueacy or under registration not metered.

}=1)+2)
: : 4) Leakage

* The above figure demonstrates that around 30% of supplied water is a leakage from pipe works
- including distribution, scrvice mains and house connections.  Form the leakagé ratio (14.0%)
. obtained through meter replacement method, a half of them may be taking place at large
diamcter distribution mains and the rcm"aining hall @ small service mains and house
“connections. Physical leakage from the house meters stands merely 5% from the figures
obtained after meter replacenient. Water losses 'due to illegal water use, meter inaccuracy, etc.,
: however, are significantly large, around 25%.

‘4.7.3 Recommendation

‘"The UFW survey suggests that the characteristics of each pipes and hydraulic condilions may

be decisive factors of the leakage amount. Tt also suggests that water losses related to customer
meters are not negligible. Major causes of these water losses and leakage are attributable to )
the old deteriorated pipe lines in service under high water pressure, 2) iflegal water use,'3)
uirder-registralion or meter inaccuraéy. ‘From these results, it is recommended to take
immediate actions for pipc'whabiiilalion or leakage control as follows: '

K
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1 to replace the pipe network taid in 1960s

As seen in Ghoarieyeh pilot arca, a large amount of '_wnte} is wasted as leakage from the
distribution mains. They are all installed in 1960s and still in service under high water pressure.

The old deteriorated pipe network established in 1960s particularly at Zarqa municipal center

and Rusaifa old township will require a full scale sehabilitation, preferably by replacement,

2) - to répairl_r‘c*place service mains and serviéc pipelines

Allhough feak from smaller diameter pipelines is nol m‘gor, some of lhcm which have not been
maintained in an appropriate condition since its installation in 1960s showed relatively large
amount of the leakage. Such old and small diameter pipes as in Awajan and Sukhna are
rccommeﬁded to be replaced. |

3) to install and replace customer meters

Itis observed during the survey that many customer meters are installed on inner floors fwalls
of their houses. To avoid customers’ access to the meters, it is recommiciided to remove and
inistall them on their premisesfyards with meter boxes. Old house connections installed in 1960s
which are left unrepaired will atso require immediate replacement.

4)  to conduct positive teak detection on routine basis

Since the teakage from the refatively new pipelines is not major componem Il is conmdcrcd
more effective to maintain such pipe works in qppmpnatc condmons than to rcphcdmst'tll new

 pipelines. To attain this purpose, positive leak control at ali pipe works shall be exércised on an

routine basis.

5) to improve meter reading practice of WAJ Zarga and strengthen staffing and
organization for meter reading, accounting and billing procedures.

WAJ engmwrs belicve an absence of meter reading under some special urcumsi'mccs It is

‘urgent to reorganize mieter reading procedu res into normal ones applied worldwide. Staffing for
‘metering and billing, as described in Suppomng Report - 1. Organization and Opcmuon &
‘Maintenance Plan, will require a drastic change in number and organization. Futher, the

current slightly obscure billing zones shall be readjusted in accordance wilh the distribution
zones “andfor disteict mcxenng zones ‘(o be established in an early Sl&g&, of the project
devetopiient.



‘Fable - 4.1 TECHNICAL DIMENSION OF WELLS

TTEVELGD.

VIET DS

: YEAR WELL | DIA(inch) L (m¥hy l
WEil No. | Construction | Depth{m) Casing Ground | Grovndwater | Groundwater | Preseat  [Recommended
: : (in 1993) | (in 19949 o
AZRAQ i 1981 203 13%8" |- 831 | - 348 335 | 110 171
2 1981 1Y) 138" 521 | 283 26.4 270 13
o 1981 210 | 13y 521 196 | 197 180 - iz
4 1981 | 206 138" 536 39 414 . 170 230
o s 1981 204 13'3/3" 541 4.4 485 €0 22
s Ly o} w6 | 13wt | 548 8 | 386 150 | 110
o 7 1981 204 | 13y 516 13s | 143_ o | s
~ o 8 1981 07 | 13wy 551 554 ' 180 14l
- 9 1981 204 1338 | - 525 306, ,33.5 170 . 161
10 1981 203 1333" . 521 17.1 18.6 180 257
1 1981 61 138" . 517 135 144 C 220 -200°
12 1981 209 _{3ys” 532 48,7 49.2 170 300
_ 137 . 198 | 208 g | sk . |4 | 1o ) 304
- 14 1981 |- 205 | i3ame 533 - 36 0 M
15 1931 oz | wwgr | o4 | 202 285 | 110 203
18 1983 i71 138" 46.3 474 170 150
Sub-total 2,600 3,457
HALLABAT 3 , 12 0 | 60
3A 191 | - 12 s 5.5 6 62
L I8 1993 136 ] 82.8 150
N K 1989 160 124! _ BOA ' 25 100
s 1591 156 g's/8" 88.2 1187 2 150
1 1991 -l L 1.2 155 % | -
8 1 19 1365 | odwe | b T4 | wva | om0 | ise
10 1993 59.1 .50 65
Sub-tofal . 587 587
AWAJAN 21 1987 148 R B L 150 190
22 1988 184 . 124" 100 110
2 1937 151 - 13'%8" 6.4 203 300 185
Sub-total ‘ : 550 485
HASHMYEH 1 - 41,2 15 _
- 2 128 12 526 523 | 170 79
R sy )2 f 4 )80 | 200
5 1986 106 RS 50.4 52 100 200
Sub-toral : ) Co Lo 365 479
MLURHIR 1 258 625 682 | 892 | 10 30
N N 27 8'5/8" 651 434 338 40 95.7
I | |6 | 863 88 20 0
4 217 06 734 21 15 as
Sub-total 85 220.7
OTHERS (IFANY) | o
HETTEINCMP 1 320 | 715 . 25 50
2y 226 | wgyve | om0 716 37 40
BASSATEIN 1 | 85 w2 224 80 .
1A 216 13%3" 105 213 213 &5 59 |
PHOSPHAY - I TR 05 | R
WELLNO.IS I8 | 30 mo | )]s
ZARQA 4 246.35 1z | ' T 100 {300
o T HMA 170 16 S 300
ELTAFEH 260 | wang NOT USED -
UM ROMANA | ~ C NOT USED B
TOTAL | e B SSESRRE U KNI S SNSRI W 1.t A1 DA o SN

Source: WAJ Zarga

Note: A neéwly constructed well with a capacaly of 200 m¥hour in Murhib will stast its operauon in 1895.
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Table - 43 WELLFIELDS INSTRUMENT (PUMES)

4-17

1 - INTAKE PUMPS . FLOW METER PRESSURE GAUGE
WEI No| Depth Type YCapacity(mdh Headim)| Conditions Type Dia. (mry  Condtitions Type Conditioas
: {m} . i
JazRAQ 1] . 48 SUMBERS . 1%0 130 Good $PARLING 150 By B -
’ ~1|_40 SUMBERS 0 126 Good. | SPARLING 00 Bad - e
3| 40 _|__SUMBSERS 200 |13 Good SPARLING -} X0 Bad I -
. ) SUMBERS 190 . |1 Good_ | MCCROMETER | 200 Bd ) - -
s|-» SUMBERS 50 L300 Good KATHING 150 Bad - -
61 3¢ - SUMBERS 150 180 Good - | KATHING 200 Bad | . - s
1A _SUMBERS 200 102 Good SPARLING | 200 | B " R
8| SUMBERS IRE MCCROMEVER | 150 8d |- b
i 54 | SUMBERS 150 150 | .. Good MADLING 50 ad - -
9] ¥ : SUMBERS 150 150 |- Goot SPARLING 20 8ad . - -
1] 27 :| 'SUMBERS 150 130 Good - SPARLING 200 83d L. -
12| @ | SUMBERS' 200 15 |- Goot SPARUNG | 200 | - #ad . - - ]
i ) SUMBERS 200 150 Good SPARLINO 200 8 - -
u | suMBERS . : B : P .
151 o SUMBERS 200 102 Good . %0 Bad_ -
| B2 SUMBERS 14 125 . 1 Good HANNOVER | - 700 Good -
Sub-tota] 2,445 i ULTRASONIC | 600
JHALLABAT _ -3 o : . _ .
L B SUMBERS 50 150 Good | MCCROMETER | 100
B! 10 SUMBERS 150 160 Good | HANNOVER 150
5] 138 SUMBERS 0 | 136 | . Ba | MOCROMETER | 300
‘6] 120 | SUMBERS %0 . Bt | " God | HANNOVER 150 | Good .
1] % SUMBERS | . 72103 | 971100  Good ~ | HANNOVER 150 | . Good - -
ig] 10 SuMBERs | © 200 ¢ 100 Good HANNOYER 15 Good - -
] EE) SUMBERS | e - 100 . Good SPANNER 150 Good - -
Sub-total T N ’ - -
AWAIAN 1 I SUMBERS 150 150 |- Gond SPARLING 150 FAIR - -
D SUMBERS | 80 . 0. | Good | . SPANNER 150 Good YOO BAD
23] e SUMBERS ] 130 no Good WLTEX 200 Good Yoo GOOD
Sub-total : .
HASHMYEM 1} 18 EIMO » 157 Good ] . e
) L SUMBERS -| = %0 150 Good | MCCROMETER | 100 | Good | NOTHING
_ 3 w4 SUMBERS 150 | w2 Good  [SPANNER-POLUK 150 Good | KOTHING B
s| 914 SUMBERS 156 - id Good_ ISPANNER-POLUN: 150 Good NOTHING
Sub-total i . , . : . .
Y T3 SUMEERY 1l 5 Tod_ | VLIRASOMC | Y8 | Gosd ~KOBOLE T
2| 4 § SUMBERS 95 & Good | YLTRASONIC | 150 - Good _KOBOLD | = Good
o 3% SUMBERS & (] Good | YLTRASONIC | 100 | Good | KOBOLD Good
A8l SUMBERS EY) 133 Good | VLTRASONIC | 100 Good KOBOLD Good |
[Sub-tetal : '
OTHERSQFANW) |~ | - o . . -
JHEFTENCMP 1] 138 SUMBERS - - Good WOLTEX . 1 150 Good DIN.WIKA Good -
. I 7| iss | SUMBERS 4 T136 Good WOLTEX 150 oot | DINWIKA Good *__
© IBASSATEIN: 1] 100 SUMBERS [1) I Good MOCROMETER | 1% Good | DINWIKA Good
B 1Al 160 SUMBERS_ | ' 5 13 Good | MocrROMETER | 180 | Good DINWIKA | Cood
PHOSPHAT - | 244 SUMBERS -~ 100 200 Cood | MOCROMETER | 150 Good DINWIKA |~ Good
WELLNQ.IB, 18] 150 SUMBERS 50 138 Good | sPX L Good i | CONCERT Gog
ZARQA U] SUMBERS 180 10 | Good | VLIRASONIC | DN | Good | NOTHING -
L Y SUMBERS 180 Gord | ULTRA-SONIC |~ 400 Good - | NOTHING .
Sub-totel
Toll | . R .
(GRAND TOTAL . o o
Source: WAS Zarge
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" Table - 4.6 Groundwater Quality

Chapter 4/MP

Well - © Date EC

TDS Aﬁaﬁnily

Tolal Cl
Hardness '

S04

NO3 Total

Bacteria

Permissiblef _ -

‘Maximum

500/

1,500

100/ 200/
500 500

200/

500

451 2 XMPN/
1000:)

70

Arrag " Feb. 95

Za’atari

Khaldia

Halabit

Azraq Basins

o m e e awme s A L < =R A A A R 87588 WALS 4 A8 8 8 0 im0 S L AR N R S S A S St b 1S At 1L ASAS AT LR SRS B A RS AR R

‘Mar. 95
Junz 95

Aug 95 ' ;

Feb 95
Mar. 95
June 93
Aug 95'

Fcb 95

Mar. 95
June 95
Aug 95

Feb. 95
Mar. 95
June 95

Avg.95 840 i

S m
Ses0 14

Hashemey ch

Zaup 14

Amman Larqa Basin (m 1994)

|0\¥ st

Awajan lowest

highe.‘.l -

Iow esl

hlghesl

highest ; .. R

191

333

415

192
a0
0
62
191
e85

24.5 -
57.4

'573 -
73 0 -

452

609 .

Source: Azraq basin by JICA Study Team, Anmah-Zarqa basin by WA}

Location of sampling:

" Outlet of collector pumping station for Avraq basin

‘ Oullel of each well pump for Amman-Zarga basm by WAJ

ﬁgures

‘exceeding maximum limit
1% exceading permlssnb!e lmm bul below maximum timit
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Chapler 4/MP

Table ¢ 4.6 Groundwater Quality -

Well Date . EC TDS AN ey CE SO+ NO3 o Total

’ : Hurdndss : Bacteria

Permissiblef - s00 Cae0F 2000 200! 35/ 2MENS

: . 1000y
Maximum o 1500 500 500 500 79

Azeaq Basins

Amy 0 Eb9S ss3oo 390 61 81 10~ 2 69 4

Mar.95 572 420 52 180, M2 12 7. 0
Jupe 95 698 410 . 60 1O 308 3 60
Aug. 95 702 435 24172 . R0 14 7.7
7' atari Feb. 95 497 30 3B 107 6 105 60
Mar95 510 370 a6 2 80 6 8 0
e 98 . 625 425 0 133 207 3 78 0
Aug. 95 608 400 23 240 103 4 276
Khaldia Feb. 95 6190 12,206 320 1,077 - 72I 3539 5
Mar. 95 3740 - 2,413 320 1,243 739 23 60.2 10
June 95 4250 - 2,680 487 1,556 773 387 0
Aug.95 3630 2,968 20 1,750 862 17 390 0
Halabat Veb. 95 718 406 58 176 178 28 7.1 1000
Mar.95 196 525 s 270 195 12 6.8 0
June 95 850 525 65 177 172 2 5.0 0
Aug.95 840 540 19 280 154 6 103 0
Ammar-Zarqa Basin (in 1994)
Hashemeyeh  lowest - 1,363 . : 22 192 245 i
highest - 1,696 - . 538 240 57.1 -
Awaian lowest - 768 - - 191 10 513 -
highest - L1285 . - 333 62 7%.0 -
Zarga 14 lowest - 1,439 - - 415 121 452
highest - 1,768 - - 825 255 60.9 -

Source: Azraq basin by JICA Study Team, Amman-Zarga basin by WA
t.ocation of sampling: ' 7
Outlet of collector pumping station for Az basin
Qutlet of each well pump fof Amman-Zarqa basin by WA)
Nuimerical figures: o :
1,768 excecding maximum Emit :
45.27 . excecding permissible limit but below maximum linit

4-21



Table - 4.7 PUMPING STATION IN

STRUMENTS (PUMPS) [N ZARQA DISTRICT

lpummo STA “TYPE CAPACITY | - 'HEAD CONDITIONS
. (m3h) (m)
AZRAQ 1 JEUMONT SCHNEIDER s00 | 380 “Fair
2 __STANDART SKM-200 500 350 Good
L 3 STANDART SKM-200 500 350 Good
4 STANDART SKM-200 300 350 Ood
5 JEUMONT SCHNEIDER | . 300 350 Fair
6 STANDART SKM-800 | - 500 350 L
| 7 STANDART SKM-800 500 350 Good
Sub-total _ 3,100 .
HALLABAT :|. 1 KSB - 500 100 Good -
- 2 - RITZ M 120 | Good
3 . . KsB 100-150 [ 220-280 Good
_ 4 STANDARTTSE | 100 200 - . Good
Sub-total .| 0001050 -
KHAW |1 JEUMONT SCHNEIDER 300 - 0. | Fair
2 JEUMONT SCHNEIDER |~ 300 350 Fair
1 JEUMONT $CHNEIBER | 300 350 Fair
4 .| JEUMONT SCHANEIDER 300 350  Fair
5 | JEUMONT SCHNEIDER | 300 L Fair
8 FEUMONTY SCHNEIDER “300 150 Fair
7 JEUMONT SCHNEIDER | - 500 350 Fair
8 JEUMONT SCHNEIDER 500 . 350 Fair
9 e KSB 300 wo_ j _ Fair
10, SPP 400 130 Fair
—— 1! RITZ 300 120 Fair
12 KSB S60 | 100 “Good
Sub-total . : - 4,300
ZARQA 1 __ DRAXOS-POLEM 300 100 Cood
2| TURBQ SAN 300 100 " Good
3 BRUSH 300 95 Fair
- 4 S 1174 . 300 120§ [God
.5 JEUMONT SCHNEIDER 500 250 Good
e 6 KS8 500 2310 Good
1 TURBO SAN 300 250 Good
8 TURBOSAN = . |- 160 160 Good
. 9 BRUSH 300 95 Bad
Sub-total 2,960 -
HASHMYEH | 1| . KSB 75 132 Good
. 2 RITZ 118 128 Good
Sub-total 193 )
MURHIS 1 STANDART 50 85 Good
2 STANDART 100 85 | God
3 " STANDART 200 100 Good
- 4 | STANDART £ 50 100 Good
5 ~ STANDART §00 215 Good
Sub-total 500 . . .
RUSAIEABSIR| 1 ___TURBO $AN 170 50 Good/Standby
: R  RWZ 200 250 Good'Working
IBsTR ALBASA] © 1 " MALBERC 100 200 " Good/Working
: 2 FLAZZ HLYRIES S0 A6 ! Good/Working -
fum-roMMANL - 1] “KSB 50 300 Good -~ -
o e | KSB 70 310 - Good
EL-QUNAIEH | 1 ... GOULDS | - 56 | 150 Good
. 2 GOULDS $0 [ 300 Good
" |BSTR NO.IB TURBO SAN 150 250 GocdWorking
Sub-total 890 C
ol ] - BCEETT NN SN IR




Table - 4.8 PUMPING STATION INSTRUMENTS (FLOW METERS & PRESSURE GAUGE)
IN ZARQA DISTRICT ' ,

FLOW METER _ PRESS. GAUGE

PUMPING STA. [ NO, Type Dia.{mm)|  Conditions Type Conditions

AZRAQ

. R : 3 . : o : ) | . L
Al irssonie ™ | 780 | Good || Protals | Notworkiog

/ Y

]_u_ 5 ‘ VDO Good
2|4 Ulwasonic 600 Good | VDO Not working
3| Woltex . 200 Good VDO | - Good

4 Woltex - 150 . |  Good Katani - Not working

HALLABAT

KHAW N _N I
2

Ultrasonic 80 | Good  Protais | Notworking _

9]/ _ ' 1/ _
107 Ultrasonic © | 400 Good - -
1nfJ o - . )
12 SPX | 300 Good . T

ZARQA ‘1 . S . B B
~ : - :
I R Joom b o] WIKA _ Good
R | . B L D
E B 5 “ - : -
L6 | Mecrometer 400 : Good _ VDO | Good
) ]
s Mecrometer | 150 | Good __] VDO | Good
g
[Hasumyed | __1] Sparling {200 Good VDO Good
2 MS1I Good
MURHIB ) Y. |} - Kebold - Good
; 2| | Uttrasonic 20 7 Good - Kobold Good
L LA | Kobold Good
' 1_4]_Ulu'asc§nic___ 200 Good . | KPM Good
. 25| T : 3 S CKPM Good
RUSAIFABSTRNO4 | Mccrometer | "150 | Good | WIKA |  Good
BSTR ALBASATEEN SPX. 150 Good | KALAN | - Good
RUSAIFA NO.18| *. | Mocérometer | 150 - Good | - TERRA Good
EL-QUNAIEH | i HMeineckAs | 150 | ~ Good | LABOM | ~ Geod

T

. ] H-Meineck-A) | 150 Good LABOM Good
Source: WAJ Zarqa- ' ' .
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SUKHNA
SUBZONE

Sukhig Refugae Ceup

GHOURIYEH
SUBZONE

To Beirein

HASHEMEYEH
" SUBZONE

GHOURIYEH
PILOT AREA

=1 Tp Khaw

“ 7 ARQA CAMP AND
JANNA'A PILOT AREA

= To Khaw

—Legend

»ewawe 2 Municipal Boundagy
' Road

g ol <> i Refuges Camp
< SPilot Area
& | Svbione
" RUSAIFA
PILOT AREA
A )
THE STUDY ON : Fig 44
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V.  ORGANIZATION, OPERATION AND MAINTENANCE

5.1 ORGANizATIbN

Water Authority of Jordan (WAJ) was established in December 1983 and became opcrational in

January 1984, integrating the { unction of the following four entitics:

(1) Aminan Water and Sewerage Authority

(2) - Water Supply Corporation

3) Naluml Resources Aillhorily_: Walter Study aind In‘i‘ga!idn Departiment
“(4) Jordan Valley Autborily: Dosnestic Water Supply Section

In 1988, the ministry of Waler and Irrigation (MWI1) was established, and WAJ was put under
the Minister of MWI. '

Legally, "Waf_er Authority Law" came into effect in March 1988, which authorized to establish
the Water Authority as an autonomous corporate body with financial and administrative

iﬁdepc_ndence.

A Board of Directors was orgfinimd for determining (he basic policy and strategy including the -
budget of WAJ, which consists of 12 representative of the related ninistries and government
organizations inciuding the Minister of MWI, Secretary General of Jordan Valley Authority and
Secretary General of WAJ. The chairman of the Board is the Minister of MWI. o

51.1 WAJ Headquarters

WAJ Headquarters consists of five adninistrative departments and 12 govemorate offices.

Included in the administrative department are - Administeation and Finance, Operation and
Maintenance, Projects, Water Resources, and Stores and Tender. Tota) number of employee of
WAJ are 6,745 (in 1993) comprising of 1,701 staff at the headquarters and 5,044 staff in the
govcmorale offices. Present organization of the WAJ headquarters including the goverttorate

offices is presented in Fig 5.1 '

5.1.2 WAJ Zarqa

WAJ Zarqa governorate was established in 1985 as onc of the governorate offices of WAJ and
all tllie water administration was irzijlsfemd from the Zarga municipatity. Total number of
employee, WAJ Zarga is about 607 or about 9 % of WAI folal. There are five departments
under WAIJ Zarga gbverno:falc,"nal_neiy, “planning, studies’ and information department,

operation  and maintenice departrient, subscribers depautnient, administrative and finance

5-1
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department, and Ruscifa water departmient. Present organization of the WAJ Zarq'\ is presented
inFig. 5.2, Stafling levels for cach dep'uhmm arc as follows:

+ Planning, studies & information department EER (I

+ Operation & maintenance departineint 347
* Subsciibers depariment ' . 87
» Administrative & fin inance dep'mmcnt R 8
s Rusaifa water depmmcm 1122

'OTotal S - 1607

Job descriptions for the above organization is not available. Through a seiics of interviews with
the rcspuclwc departments and seclions, major job functions cum,nlly undcmkcn ar¢ clarified
and bncﬂy described hereunder.

Under the lemng, Studies and lnfonnallon Department, there are three sections; 1) Planmng

-and Dwdopment Section. 2) Supcrv;smg & Design Section and 3) Water Resources & Labs
Section, M'tjor jobs functions include collécting and an'lly.zmg various kinds of techhical data
and information relevant to water sources, water supply and sewerage services, designing pipe
networks, conducling laboratory testing, and keeping data and records. |

The Operation & Maintenance Depastinent has its main office at Zarga Pumping Station. There
are three sections under the departnient @ 1) Drinking Water Section, 2) Sewage Scction and 3)
© Maintenance Section which is responsible for the ‘operatio:i and maintenance of ‘watér and
sewerage systems in Zarga District except for Rusaifa and Sheonuler,

The Subscribers Depatment has three sections; 1) Superﬁising Section, 2) 'Subsciribing
Requests Section and 3) Billing Section. Their jobs cover issues related to subscribeis and
~ house melers, including inspection at the site for registration of new customers, preparation of
design drawing of house connéclions, supervisory works of their installation, customer meler
calibration and mainlenance, meter réading and billt collection, and receipt a.nd rc,sponse to
customers' complaints. -

~Under the Administration & Finance Depaciment, there are three sections; 1) Adminisiration

Scc'lion,_z) Accominling Section, and 3) Supply & Storage Section. They are r'e.spoi'\si_blé for
general and administrative matters which extend to control of incoming ‘and on(lg’oiﬁg tetters,
“employees leaves, maintaining WAJ buildings, prcp::rmg payroll- for salary, delermining
installation fee for house connections, book keeping, supply and delivery of stored nnler:a!s
including chemicals, office equipment, pipes and fil ttings, spare parts of vchlclcs, th.. :

wn
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* Rusaifa Water Departinent, although organized under WA Zarga, has a different structure from

the above. The department carsies’ out operation, management and administration of the entire
Rusaifa water supply system. Based on the responsibility vested in it, it can be characterized as
a semi-governorate water authority. '

There are 73,830 houscholds serviced by WA Zarqa, which is equivalent to 14% of WAJ’s
total customer base. The aumber of staff per 1,000 customers is 8.4 for WAJ Zarqa and 12.7
for WAJ. The staff to cuistomer ratio i relatively good for WAJ Zarqa.

5.2  OPERATION AND MAINTENANCE

Operation and maintenance’ of the water supply systéin} in general, ainis to maintain the
facilities under normal working conditions in order to supply witer to the whole service area in
sufficient quantity and with adequate quality. WAN's curreit practices for this are briefly
explained focusing on’ 1) organization and staffing, 2) system operation, 3) procurement and
storage and 4) workshop and laboratory. -

§.2.1 Operational Organization and Staffing

In WAJ Zarq'a, the "Operation and Maintehance Department, Zarga” and "Operation and the
“Maintenance Section of Rusaifa Water Department”, are responsible for operation and
maintenance of the water supply system including wellfields, putnping stations, transmission
and distribution pipe network. To assist them in achieving oplimal and cffective operation,
"Planning, Studies & Information Depariment” conduicts laboratory and ficld testing for quality
conftrol and water resource monitoring. '

(1) Opecration & Maintenance Dcparlmenl, Zarqd

" The “Operation & Maintenanice Departmeat” has its main oftice (Zarga Water Office) at the

Zarga pumping station.

To manage and give direction, onc management chicl and 6 engineers are assigned to the

" departinent. Usidei thém, there'ace 117 staff and technicians for operation and imaintenance,

including 44 persons at Zarqa Water Office and 73 operalional staff at the pumping stations and
welifields. '

The major furictions ‘of the depariment are:
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) to m'unl'un and operale thc pipe: nctwork mclud:ng tiunk, sccond'uy and service
* raains, while house conricctions: and meters: are monitored and m'tmtamcd undu the
responsibility of Custoiner Departient; _
2) to maintain and operate mechanical and clectrical instruments in pumping stations;
3) to operate valves and pumps to nicet the objectives of the water rationing progeam;

4) to mainiain’ vehicles on a routine basis (full scale repair is. carried out . under the -

responsibilily of WAI He'ldquaners)

5) to convey waler o the. people living in h1gh and remote area of the gow.emorfm, by
water tanker (2 tankers as of June 1995) ' '

6) to supply water (o the governmental institutions; :

7) to record all relevant data in a standardized format including flow rate, pressure, water
tevel, pump w:orking hour, ete. |

8) to prepare proposals for the installation of pipe networks in a newly developed areas.

(2) Rusaifa Water Deparimient -
There are 55 staff and workers assigned under "Ope'ral'ion and Maintenance Section”. It
consists of 21 workers, 14 plumbers, 12 operators, 2 engineers, 2 electric and |
mechanical staff, 2 welders, and ) clerk.
Duties assigned ar¢ similar to Zarga Water'()[ﬁcc except Rusaifa does .not_ control and

monitor large consuier meters and does not execute wark itemn 8) above which is under
responsibility of the another section.

5.2.2 System Operation and Maintenance
(nH Wellfields and Pumping Stations
As for maintenance of wellficlds scatlered throughout Zarqa Gove;ﬁorate, "Planning, Studies &

Information Department” carries out the field testing for monitoring monthly fluctuatiens of
static and dynamic water levels at each well. '

The "Operation and Maintenance Department Zarqa® operates 6 pumping stations in Azrag,

Hallabat, Khaw, Zarqa, Hashemeyeh and Murhib. The "Rusaifa Water Department”. :oper;\lejs 4
pumping stations located in Rusaifa municipality.

Khaw pumping station which collects g:roundwatcr from Azraq, Haliabnt,'_?,da!aﬁ and
Khaldich wellfictds is operated in accordance with the agrcement belween WAJ Ammian and
Zarga. This agreement which defines water allocation to each service area is usvally opdated
“yearly. . According to the 1994 Agreement, a maximim “of 4,700 m3/h of water can- be

7 g
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delivered to Zarga District (Zarqa and Rusaifa municipatities), while Amman municipality and
Atmy canip in Zarqa can receive a maximum of 2,200 m3/h and 100 m3/h, respectively.

There is also an allocition agreément between Zarqa and' Rusaifa (as of '1994). During the
summer season when water deinand increases and well yields are limited, water is allocated as

follows: during almost five days of the week starting from 4:00 am Wednesday up to 21:00 pm

Sunday, around 400 to 500 m3/h of water is delivered to Rusaifa. In the remaining two days of

the week, 1,000 m3/h from Zacqa is boosted to supply the nonthiem hilly arcas of Rusaifa.

In compliance wiil'h: the agreements stated above, puimps and valves are carcfully operated by
WAJ stalf of Zarga pumping station. However, residents in tmost Rusaifa and north-west of
Zarga areas suffer from the chronic water shortage caused from the water rationing.

©(2)  Water Treatment and Reservoir/ Tank

WA} does not practice periodical maintenance for cleaning, leak delection and repair.
Operational staff and/or watchmen keep records on hourly fluctuation of water fevels at most of
the reservoirs/tanks except for the balancing tanks that float on the pipe network.

Except for chlorination water does not receive any treatiment. Chlorine dosihg is usually carried
out af the reservoirs and tanks of major pumping stations.

Two types of chiorinators are used, a pressure dosing (ype and an advanced type. The dosing
rate is determined to ensure safety of the water supply under direction of the qualified engineer.
Chtorine containers used are of $,000 kg and 50 kg capacity.

(3) ‘Fransmission and Distribution Mains

Maintenance crews organized under the departments carry out passive leak repair. WAJ
engineers explained that broken mains and leaks are usually repaired on the same day they are
located depending on site conditions and nature of the leak,

“ omc;l?acil;iie_s :

Cus(g Mgle;§ : : .
In the WAJ Zarqa office, the Customer D,pamncm has one meler mhbrauon set and repairs on

Can average, | 500 house meters yearly. The Rusaifa Water Dt,pmmenl also has one meter

calibration set 'md in 1994 cahbmted 1 O{)O ineters.
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‘_W_:_:m_'l‘anl\L . ; ‘
“Two water tankers are operated each under Zarm and Rusmh offices. Since h.rgc scale repair
~ of ‘mechanical cquipment such as pumps and vehicles’ s the responsibility of WAJ
Headquarters. The Rusaifa and Zarqa offices retain only smiall tools and devices for leak repairs
and pipe instaliation. Each office operates a sufficicnt number of vehicles for systein operation
and miaintenance. o

5.2.3 Prochrement and Storage

‘Procurement is usually made by WAJ Headquarters upo’n request by WAJ Zarqa.  WAI'

'Headquarters has standard specifications for all eqmpment and nmlenals Heiice, their quality
and quantity are kept at a oeﬂ'un lu'el satisfactory to WAJ '

Simall lengths of steel, ductile iron, and polyethylene pipes are stored in the yard near Zarqa
Pumping Station. These materials are under the control of lhc Supply & Stomgc Section, of the
Administration & Finance Departiient, Zarqa. ‘ :

Bulk chemicals (chlorine tanks) are stored at warehouses in As-Samura and Amiman. They ae

periodically delivered to the site when required. On average, chemicals on site last two weeks -
to'one month and are sufficient in quantity for noral operating conditions.

House meters are B-class, and meet ISO standards. The Subscribers Department of the WAIJ
Zarqa and Rusaifa Waler Departments usually keep 2,000 and 500 meters respectively. '_ The
house meters are delivered from Ammian Storchouse after sample calibration Méters are
_ c_ohsi:dercd sulficient in number and performance.

5.2.4 Workshop and Laboraiory
There are two minor workshops, each in Zarqa and Rusaifa. They are used for meter calibration
and repair. Full scale repair of pumps, flow meters and vchtctes is done at lhe Anman

Workshop.

_ Liﬁboralory testing is carried by the Water Resources & Laboratory Seclion, of the Planning,

Studies & Information Department of WAJ Zarga.  The: engineers and in-house staff take:

samples at major water supply facilities 'in Zarqa Governorate on a routing basis. T he sm\‘pled

water is brought into the Microbiological lﬂboratory in Amman. WAJ Zarqa cngmecrs CAITY -

out all testing and analyses. “These ‘1clml|es ‘aim to 1) monitor trends and qualny cf the
groundwater aquifer in the Governorate, and 2) ensure safely of the water qual_lly based o_n the
drinking water standard. ' -

5.6
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" Biological and physical parameters such as bacteria, fecal coliform, totat cotiform, pHi,

turbidity, residual chlorine arc tested on a daily basis. Due to the stightly limited capacity of the
L'aboratoiry, an average of only 20 samples in' a weck are brought in for testing. Chemical
paramicters such as fluoride, calcium, magnesium; TDS, nitrate, sodium, potassivin, chloride,
sulphate, carbionate, bicarbonate are examined ‘once or twice a month according to the need.
Anatyses for heavy melals and trichlicethylene, are carried out once a year by WAL
Para}llelers and frequency of the routine water {csting are considered sound and favorable.

Tn addition, the Lab seciion ca‘rriés oul water sampling at all private wells for tésting.  Waste

water from the major factorics is also tested to monitor and control grovnd water contaminalion
in Zarqa Governorate, '

5.3 METER READING, BILLING AND BILL COLLECTION
5.3.1 Moter Reading

Meter reading is carried out by WAJ collectors (collectors conduct both meter reading and bill
collection) eée;y three months. There dre 74,000 water subscribers in WAJ Zarqa Governorate,
about 70% of which are in Zarqa and the remaining 30% in Rusaifa. The total number of
collectors working in WAJ Govemorate is 50 (35 in Zarga and 15 in Rusaifa). The number of

- subscribers per collector varies from 500 to 2,000, depending on the density of the housc
- connections. ' '

“Most of the meters installed are refatively small in diameter, 172" (99%) and 344" (1%). As

WAJ frequently conducts meter calibration at their meter shop, nieter salfanctions are relatively
few. Meters are inadequately installed above the ground and/or in customers” homes, and some
subscribers tend to tamper (remove or reversely installation) illegally.

Meter reading is usually conducted within 3 weeks (sometimes 4 weeks or more}. A neler
* reading card is prepared at the site, based on which water consumption for each’ subscriber is
computed and recorded in the WA Zarqa.

5.3.2 Billing and Bill Collection

All the data for the preparation of bill_s is processed by computer in :WAJ Zarqa. Water bills thus
prepared are distributed to subscribess every three months by collectors. In general, 2-3 wecks

~ arc required for prcpz;ration and distribution of bills. As meter readers are familiar with local
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conditions, they arc also engaged in bill collection. Bill coliectors are not periodical shified to
other areas. ' '

According to regtllatioszs, subscribers should pay within 7 days after receiving the bill orelse

WAJ has the legal authority to cut off the service. However, this regulation is not-applied
strictly depending on the physical situation and its practical implications. Ac(ua]ly it takes about
two weeks to collect the bill after dls{nbulmg the bill. '

There are thfcdpwyﬁwht methods avaitable to subscribers: l). pay the collcctoi‘.?)bring:casﬁ {o

WAJ and 3) pay at the bank.-Most of the subscribers in WAJ Zarqa (60-70%) ate paying the

collectors. The remainirig customers bring cash to WAJ Zarda.” Paymcm.'u banks is used by a
- fimited stumber of customers. '

The billing and collection process is summarized in Fig 5.3.

According to WAJ Zarqa statistics billing amounts and payments collected in 1994 were as
follows:

Billing and Collection

QUARIER — BILLING COLLECIED — COLLECTR
'BILLING
Ist 515,156 391,878 0.76
20d : 510,281 482,540 0.94
3rd 714,159 618,185 '0.86
4th 749314 713,005 095
Totat 2,488.912 2,205,608 0.89

Source : Subscribers Dept., WAJ Zanp

According to statistics in WAJ Zarqa the ratio of bills collected to bills issued in 1994 was 0,89,
which indicates high recovery rale compared to thal of other devetoping COii nlries.

Ac«.ordmg to the information collected through UFW survey and l'romslaﬂ at WAJ Zarqa, the
following problcms need to be solved or improved:

1) many subscribers tend to mistreit water nietérs

2) it takes 2 months or more for collcclmg bills mc!udmg meter ruadmg
3) billing is quarterly instead of monthly.

4) bill coltectors work as meter readers and bill collectors, and with

no periodical shifting.
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5.4 FINANCIAL MANAGEMENT
544 General

As mentioned i the carlicr section, management of WAL, is still being centralized. All the
budgets of the local govcrnomlcs. are planned and controfled by WAJ Headquarters. Water bills
arc collected by the local gox'ernoratcé and remitted to and managed by the central office. Major
expenses suich as payr'oll' of the employces and clectricity are paﬂd by the central office. The

budget for additional investrent and repair is also being controlled by the central office.

5.4.2 Tarlff Structure

Peesent water related charges in Jordan are presented i Table 5. 1. Applied tariff rates in Zarga
District both for water and sewerage are summarized below.

Water and Sewerage Tariff

Block Water Tanff Sewerage Tanll
{3 months consumption) M M3
0-20M3 0.065 0.030
71 - 40 M3 ' 0.090 0.040
41 - 70 M3 - 0300 0100
71 - 100 M3 10.500 - 0.200
101 M3 more 0.600 - 0.250 °

Source: Information Dept., WA)
In Janvary 1994, water tariffs for domestic consumers and bulk consumers such as commercial
and industry were made the same.

Besides the above two tarifis, “other fees and charges are to be imposed in the following
manner : _

For watér supply

Meter charge ' : 1D 0300 'pc'r quarter
* Conncction fees for doinestic use
a)  Fees :JD 88 for 1/2 or 3/4-inch pipe

JD 103 for 1-inch pipe
I 209 for 2-inch pipe
- JD 551 for 4-inch pipe

_ ‘::5.._.9
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b)  Stamps . IDS - o _
¢} Refundable deposit : 3D 15, if the arca is 200 12 or less
| | D 15 4+ JD 10/100m2, if the area is
more : ' o
than 200m2
JD 100 for non Jordanian
Connection fees for comniercial and industrial
©Pee and stanips are same as above. : _ :
¢ Refundable deposit - : JD 300 as the minimum , and tobe
| | "~ decided by WAJ Director

For sewérage;

Conneclion fees : 25% of the rental valué of property
_ (house) '
Sewerage tax & 3% of the rental value of propeity
' (house) ' '

5.4.3 Financlal Statement
nH Financial Statcments of WA) Hcadquénﬂcm

Income statements of WAJ during the past 5 years are presented in Table 5.2. Figutes in 1994
indicate that the total revenue almost covers’ salaries and wages and O&M cost. However,
depreciation cost and interest on loans could not be covered by the revenue. Deficit for the year
reached 1.D 493 million in 1994, which is larger than the annual income.

Total expenses are almost (wice the annual income, which results in a considerable deficit every
year.

Based on the actval water consumption in 1994, the revenue and the cost are analyzed as
presented below: '
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Revenue and Cost Analysis, WAJ in 1994 (JD) | -

- Revenuefcost  Revenue/cost per m®

1. WAI Revenue

1) Water Revenue 24,269,095 0.25
2) Water revenue plus sewerage revenue and 34,195,141 035
sewerage tax - o
2. WAJI OM Cost
1) O&M Cost excluding depreciation 41,919,786 0.43
2) OM. Cost plus depreciation - 69,505,770 0.71
3) OM. Cost plus depreciation and interest 85,288,208 - 0.87

_ Revenuefcost perind aré calculatéd on the basis of the wates consumption (billing amount ) of 97,888,825
© m3 in all WA). :

As indicated above re{renuc froin the sale of water is JD 0.25 /m3. Even if sewerage revenue
and sewerage tax arc éddcd, the revenue only increases by 40% to JID 0. 35/m3 which still does
not cover OM cost of ID 0.43/m3. .When dép'rcciation is included, O&M accounts for 49% of
total operating costs If interest is included with d'eprccialion then OM accounts for 40% of total
operating expenditures.

| Operational and Maintenance costs of WAJ during the past 3 years arc summarized as presented

"o(:elow&

o 1992 1993 1994
Salary and Wages 13,316,713 (19.9) 15,218,277 (21.4) 16,099,444 (18.9)
Electricity 8,318,353 (12.4) 14,996,061 (21.1) 16,966,535 (19.9)
Repair and Others 11,192,675 (16.7) 4,518,724 (6.3) 8,853,807 (10.4)
Depreciation | 22,332,096 (33.4) 24,388,270 (’34.3) 27,585,984 (32.3)
lnteieéts 11,838,784 (17.6) . 12,043,867 (16.9) - 15,7'82_,498 (18.5)

' T(100%) 85,288,268 (100%)

Total 766,998,621 (100%) 71,165,199

~‘As indicated above, about one fifih of the total OM costs are for salary and wages, while aboul

20% for electricity. The high consumplion of ‘electricity is due to the pm:np_ing required to
“extract groundwatér resources and transmit over long distances Jordan.

5e1
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Depreciation shares about 30% showing nlatwcly high ratio, while l? 18% of the total cost
was allocated to interest. '

Balance sheets for WAJ during the past § years are presented ' in Table 5.3. Source and
application of funds for WAJ during the period of 1989-1993 are also presented in Table 5.4.
As indicated, investment in fixed assets is being financed by government contribution and fong

term loan. Annual income could not cover the depreciation cost and the annual deficit was

finally 6ffSét by reducing WAJ working capital. WAJ's nel cﬂpit'\l has'beeh decreasing since
1988 and reached 1D '34 millien in 1994 despite of considerable contributions from: the
government.

(2)  Financial Situation of WAJ Zarga

Independent accounting systems have not been inlroduced in each WAJ gavernorate.
Accoﬁnting remains- a centralized function. Individual governorate balance sheets and income
statements for WAJ Zarga are not available. Based on information provided by WAS Zarqa the
annual budget is prepared by WAJ Headquarters, as presented in Table 5.1.

The expecied total revenue of WA} Zarqa in 1995 is about JD 4.0 miltion which consists of
revenue from water  (JD 3.1 million) and revenue from scwemge JD 0.9 million). Total
“eXpenscs are pro;cck,d at ID 5.0 million excludmg dcpn,c;atlcm and interest costs. The resulting
net revenue is estimated at minus JD 1.0 million {deficit).

On the basis of the assuined water _cons_umption for 1995 (14,358,000 m3), unit revenue aﬁd
cost for WAJ Zarqa are calculated as follows:

Unit Revenue and Cost

ltem | Unit Rate.
1) Water Revenue IDO210/md
2} Sewerage Revenue ID0.064 / m?
3} Total Revenue ID0280/m?
4) Total Expenises _ n 0.352'! m?
5) Total Expenses plus mpmc1allon : _ D 0.621 / m? |
Total Expenses plus Depreciation and luten,sl D 079] /m?

From these figurcs, the following conclusive remarks can be made on the ﬁni_méial sitnation of
WA} Zarqa ;- '

1) Total revenue covers aboul 80% of the total expeiises excluding depréciation.
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2) Since the total revenuc is only 45% of the total expenses plus’ depreciation, substantial
increases in revernivie or cost reductions are a pre-requisite fo_r the cost rCcovery.
“3) If interest is included, present total revenue covers only 35% of the cost.
Table 5.1. WATER & SEWERAGE TARIFF

1, - Amman Go’vernora‘tc Tariff

E: ﬁ S Tantt Block T Price
; (Cublc meter for 3 months consumglon) (Fils /cubic meter)

' 0-20 100

- 21-40 190

. 41-70 400

71 - 100 - 500

101 + 600

2. Rcmammg Ghour (Jordan Valley) Area Tariff

T-mff Blod-: o ~ Price
(Cubic meter for 3 months consumption) {Fils /cubic meter)
S 0-20 65
21-40 - tiSs
41 -70 250
;} 71-100 400
.5 101 + 600
3. Remaining Kingdom's Governorate Tariff
Farit Block ~Price
(Cublc meter i‘or 3 months consumpuon} _ (Fils /cubic meter)
0-20 65
2t -40 90
‘41 - 70 300
71 - 100 500
101 + 000
4.  Sewage Tariff
g‘ o S Tanfl Block T Price
P (Cuhic mcter for 3 months consumphon) - (Fils /eubic meler)
0 20 o 10
- 40 40
4[ - 70 {00
71 - 100 200
101 +

Source : .fnfomia_u'o-r;l Dépl., 'WA'}. I§94
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Table 5.2

WAJ Incontc Statements, 1990-1994
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230,698,468

1990 501 1992 003 1994

Revenue _

[ Water Revenue 15419993 16.096,536 19,464;4_163 21805,62] 24,269,093
Revenoe of Water by Tanks Tooa|  2di22l| 18sanl|  Zanssl| 332753
Sew.erage&'[)'rainagé Revenue _ 982‘,41‘()!: '1,5'8].22.5 3,3.80.9.38 4,324,811 4.5.16;323
Sewerage Tax 7,500,003 XTI 4.056,347 3 170716]  5.409.753
Subscription, Mair_l'leﬁarice&.Connec 2,245,53§ 154?}}84 ' i.607,9§é 37%4851 4,239,095
‘Bark lﬁtere.sl 384583 530,618 128,218 XY 48,4_3:
T oot swerl| 16209 T 30nSa| 1274009
Totat Revenue T38| 34353689 27,839,585| 34,824,308] 40,090,328
Expenses | | _

Slarics & Wages 11,086,670] 13,509,452] 13.316,713] 15.218277] 16,099,444
Operation & Maintenance Expense 13.166.111| 16,605,450] 19,057,233 19.017.254] 25,457,607
General & Administrative Expense 971,87y 572,821 453,796 497,531 63.2.?‘35
.l)eprccia‘lioh 15,379,082 "2.1._679,'601 22,332,096 24,388,2?0 27.'535,9.34
Interest on Loaﬁs 8,868,8f5 ?,490.219 _ll,é]S;’IS# "11.045,867 15,78‘2.,498
Total Expenses BIT5.560 59.35#,498 6598 61| TT.165,199] 85,288,368

Excess of Expenses over Revenue 27,250,463 f‘;5,503,8[l 39,159,036] 16,340,891] 45,197,940
Differences in Rate of Bxchange 8;693,389 4,319,173 :3.213,96_6 .2.226;,9Q9 © 4,129,084

Brovions Yoars Adjustments ol 763432 0 o 0
Deficit for the Year 35,943,852 39,059,552 42,373.0’62 | 38,567@80’0 19,327,024
Prior Year Deficit 74,754,262 110,698,::._4 i4§.757.666 195,&36,668 230.’698.4~6—_§:
Accumulated Deficit .1I0.698;Ii4 145,757.666| 192,130,668

280,025,492

Source: WAJ, Finance Ditectorate



Table 5.3 WAJ Balance Shect at December 31, 1990-1994

Chapter SIMP

1992

_ 1990 1991 1993 1994
[rixed Assets
Cost 344,803,604) 449,334,987| 477,354,772] 526,154,425{ 569,291,298
- Aceumolated depreciation - 35,371,496] 84,489,149 106,821,244| 131,209,514] 158,020,858
Net Book Value | 286,432,108 364,845,838] 370,533,528( 394,944,911] 411,270,440
Work In Progress of Projects “21,694,439) 33,045,725| 42,503,756% 49,737 975| - 54,205,459
-RCurrénl Asseds _
laventories _ - 7,583,379 9,265,893] 11,658,097 11,816,219] 11,459,419
Prepayment On Leiter of Credit T 0 0 0 -0 -0
'_Deblors_l\"cl of Provision l4,l03,368 -11.798,444 16,515,459 14,962,137 16,757,582
Miscellancous Debtors 876,932]  975.974] 2.486,373] 2,733.185] 2,157,188
Cash 4,424,065]  4,081,580( © 4,009,596]  1,628,895] 798,357
|Totat Current Assets 26,981,144 26,121,891 734,179,527 31,140,436 31,172,546
Deferred Currencies Differenices '
‘Differences of Internationat Loans 91,394,298 0 -0 0 0
Reevaluation ‘
Minus the Amount on this Year Note-B] 8,639,389 0 0 0 1]
INet Dilferences 82,7 00,90_9 ¢ 0 0 0
Total Assets 420,815,200] 424,013,454] 447 816,811] 475,823,322] 496,648,145
1990 1991 1992 1993 1994
Equily _ : : :
Capital 233,541,681] 249,534,385] 271,022,280] 296,414,377} 314,444,110
Accomulated deficit 110,698,114} 149,757,666{ 192,130,668] 230,608 468] 280,025,492
Net Capital 122,843,567 99,776,719 78,891,612| 65,715,909; 34,418,618
Provision for Contingencles 1,472,820 1,462, 746) -1.462,686 1,462,686] 1,462 548
Long Term Loans . ]
International Loans 147,049,326 141,044,580| 134,233,955] 127,344,781] 127,342,326
Locat Loans 17,796,621} 21,682,972] 39,531,742] 56,598,001 76,879,347
Bonds & Debentures 15,325,000] 21,325,000] 21,325,000 21,325,000] 21,325,000
Total Long Term Loans 180,170,947 184,052,552} 195,090,697] 205,267,782| 225,546,673
Current Liabilities _ o : = ’
Creditors : ' 5385313 257,369 6.367,048]  9,065,294] 13,887,823
Retention of Contractors 000,444f - 861,380 1.612,364| 2,789,951 2,488',07([
Deposits 17,899,800 21,599,711] 24,068,073 26,047,917 26,742,896
Overdue Instaliments & Accrued Interest| 84,427,830 109,170,233] 133,533,105] £58,113,581] 182,168,335
on Loans ' ' : ,
Pension Fund 89,72} 89,721 89,029 89,029 88,576
Banks 7,624,666] 6,743,023 6,702,197 7,271,173 9,844,906
| Total Current Liabilities 116,327,866] 138,721,437] 172,371,816 203,376,945] 235,220,606
- {Total Equily & Liabilitles 420,815,200] 424,013,454] 447,816 811] 475,823,322] 496,648,445
‘Source: WAL Finance Directotate ' '
5.
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Table 5.4 WAJ, Source and AppHcation of Fund, 1989 « 1993

- 1989

1992

Source: WAIJ, Finance Dircclorate

1990} 199]| 1993
Source of Funds S o S N
Net deficit for the year {26,787,38M] (35,943,852 (39,059,552 (42,373,002 (38,567,800}
Depreciation 11,153,228] 15,379,082 29,117,653 22,332,099 24.388.2100
Coniributions . 10,506.738] 11,595,486 15,992,704 - 21,487,808 25,392,097
Long Term 1.oans 85,566,17H . 16,237,517 * 24,088,353 20816111 21,035,532
Projacts In Progress '61,122,897] 20,583,557 .0 o 0 o
Differed Cureency Diffecences o - 334,507 o q - 0 B - of
Total Source of fund - 141,561,651 28,186,297 30,138,958 31,263,099 = 32,248,099
Application’ of Funds o N : _ o
Settlénient of International Loans- | - 6,610,000] = 12,680,64 - 14,482,890 = 4,407,529 6,889,174
Setilement of Local Loans 3,660,666] 4,108,199 57236594 14,370,437 3,969,213
{Setttement of Bonds & Debentutes | 4,000,000f - 2,150,000 q - e .o
Fixed Assets 75,800,684] 39,732,957 - 21,83047% 28019,785 . 48,799,653
Work in Progress 0 ol 11,353280 9,438,031 7.234,219]
Provision for Contingencies 21,000 180 10,074 600 o
Reevaluation L. Differences -83,035416] . .o _ qa . - Lk
Total Application Funds 173,133,766] - 58,671,973 = 53,398,383 56,255.842] - 66,892,319
Decrease in Workiiig Capital| 31,5872,115] 30,485,676 23,259,424 24,992,744 34,64’4,233
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Table 5.5 Budget For WAJ Zarqa, 1995

ltem _ ' - - ID

7. Revenue

I'. Water Revenue

Water Charge B 2,702,035
Connection Fee R 250,286
- Meter Charge _ 96,139
Repairing Fee & Otticss ' 62,295
(Sub-tota) (3,110,755)

2 .Sewerage Revenue

Sewerage Charge 435,677
Conncction Fee ' 416,000
Others | 64,260
(Sub-total) : (9 l 4,937)

Total Revenue _ 4,025,692

I1. Expenses ¥

. Salary and Wage 1,422,666
2. Electricity 3,007,107
3. Repair Cost and Fucl o 457,053
4. Others 162,069
Total Expenses 5,048,895

Source :  WA]J Finance Directorate

* : Exelodes sewerage tax 1o be collected by MOF
*4 1 Excludes depreciation cost

. 5'7 |
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' Meter raadin§ '

|

Computation of water consumption
1}

]

[ © Computation of waler charge
2)

Served by
sewerags?

Yes

&

[ Computation of sewarage chargo A
3

|

.

Bill printing g

™y
BHE collecling X

Daliver receipl
o consumears

[ Dlsconnection )
No e .

>

Note:
JWaler consumplion e
presant reading - last reading

2)Water charge as follows:

Class m3 Jadifi fils
0t -20 66

21 - 40 g0

4y -70 600

T - 100 600
“ Qver 100 800

J}Sewerage charga as follwes:

Clase m3 Tagfl _tils
o - 20 30
21 - 40 40
41-70 100
71 - 100 200

Ovar 100 250

4)When ihe payment dalays for more than
2wepks, cuslomers are disconnacted
from WAJ pipas.

THE STUDY ON .

THIE INPROVEMENT OF THE WATER SUprLY sys1ent | Fig.- 5.3
FOR TIEZARQA DISTRICK PROCESS OF BILL COLLECTION

JAPAN INTERNATIONAL COOPERATION AGENCY
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VI.  WATER DEMAND AND WATER SOURCES

f'uturc popuhnon and water demand are key factors in deciding project scale and scheme of the
long- term devclopment plan To predict fulure population, a future dévelopment plan for the
Study Area is drawn with consndcranon of the characteristics of the arca and direction of
development. Future land use in the Study Area i prcjoctcd until the year 2015. the future
population is estimated on the basis of past trends and future land use in the Study Arca. As for

future water demand Various' dala and information” such as domestic water consumption,
number of subscribérs, customers' Water Use paltern, watcr rationing programs, industrial

water consumption, and ciistomers' willingness (0 pay were taken into account.

Existing water resources will niot be able to accommodate increases in water demand in Zarga
Therefore ‘a water balance for the whole of Jordan, particularly in Amman is estiimated to
analyze additional water resources which can be made available for Zarqa.

6.1  FUTURE URBAN DEVELOPMENT PLAN FOR ZARQA

6.1.1 Development Scenario

A development scenario for the Study Area is formulated, in due consideration with the
“development constraints given below; '

- Existence of the military camp located in Zarqa, which limits further devclopment
towards the cast of Zarqa, and

- Steep land laid down around Zarga, which limits further development towards lhc west
and north of Zarqa.

- Existing industrial -plamsi such as oil refinery and power plants “in
Hashemeyceh.

Given physical constraints slated above, the Study Area has a limited capacily for further
development, especially housing development. Given these consli*ainlé there has been no

| regional development master plan for Zarqa Governorate. However, under the pressure of rapid

urban and industrial development, Zarqa and Grater Amman municipality in October 1994,

jointly taunched the “Greater Zarqa Comprehensive Development Plan (Master Plan)”

As of September 1995 the final results of this Master Plan wete not available. Preparation of the
Master Plan has been delayed due to unforeseen circumstances. However, some preliminary
results are used for our planning purposes. Referring to these préliininary restlts and based on
the analysis of spatial development using topographic maps and aerial photographs {one in

61
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1992 and the other in 1984), a devcl()pment scenario for the Sludy -Area is prupared (scc
Fig.6.1) as follows:

)

2)

5)

Due to the physiéal cohs{raints, future development of the Study Area will be directed to
the west and north of Zarqa city. _

The major development axis (m‘unly rmdenlial and parily residential/commercial mixed
development) runs lowa:ds north of Zarqa, where the density of the existing housmg is

~ still low and potcnlial tands for further development are avaitable.

Another major development axis ruis toward the west (notthwest and southwcst) of
Zarqa, In _lhg’, northwest of Zarqa, the tesidentiat deveTopment extends along the road
connecting Zarqa to Beirein. Potential land for future residential development exists in

this area where the terrain is refatively flat and the population density is low, Southwest

of Zarqa also has good potennal for residential developmcnt and public housmg projects
are now underway in this area,

Expansion of production capacities in lhe existing indusiries will be made along the
Zarqa-Amunan corridor. Establishment of new factories producing mainly consumer

* goods is also expecied in the northern part of the Study Area, though the number of new

establishment will be limited. _
The arca dedicated to agriculture tand will not change nwch in the future. In the urban
area, the exisling agriculture land may be transformed to residential land. Due to' the

limited availability of water resources, furlher extension of the agriculture fand in the

suburban area is wnrealistic. -

The area for public use will expand a litile cbrresponding to the growth of residential
development. -

It is assumed that the arca for the 'refugcc camp will remiain unchanged, though
redevelopmcnt by restoring its legal ‘status and prevision ‘of ‘infrastructure will be

Lo k facilitated.
. 6)

As a whole, Ihe residential and mixed resideritial area will expand to the west north-
west directions and cover miost of the relatively flat terrain area available in the Study
Area,

'6.1.2 Future Land Uso '

Based on the development scenario explained above, the future fand use of the Study Area is

projected as presented in Fig 6,2, The future fand use is sunmarized in the following table :-_

6-2
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Future Land Use Of the Study Area (2015) (Km?)
Major Land Use - : - CAra

Existing Residential Arca S 290 (32.0 %)
Mixed Arca ' i1.2 (12.4 %)
Future Residential Arca 10.2 (11.3 %)
Industrial Arca: 8.0 (8.8 %)
Agricultuml Ara 34 (3.8 %)
Public Arca ' ' 2.2 (2.4 %)
Open Space Arca R (1.8 %)
Refugee Canp . 0.8 (0.9 %)
Vacant Land C 241 (26.6 %)
Total - 805 (100.0 %)

‘The military camp arca, located on the east side of Zarqa city is excluded from our Study Area
and is a major consltraint o the future development of the city.” The area might however be
incorporated in the urban area if & current proposal for Greater Zarqa development is legally
accepied. This area could be used for administrative, commircial and residential land use as
well as pasks and social facilities. At present, thousands of military personnel and their families

live in the aréa wwhich will increase from 50,000 to 75,000 around 2015.

6.2  POPULATION PROJECTION

6.2.1 Framework for Population Growth Forecast

The population of the Study Area increased at 3.9% p.a., during the period of 1979-1994.
Excluding a rety mees from the Gulf countries, estimated at around 60,000, natural population

~giowth is estimated at 3. 1% during this period. Another indicative figure for future population

projection would be the planned population growth rate set up in "Economic and Social

_D_u_elopmem Plan of Jordan, 1993 - 1997. The projected ﬁgun, is 3.2% p.a. during the plan
-period.

Based on these figures, total poputation growth of the Study Arca is estimated.
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Period : Population Growth in thé Study Arca
19952000 3.2% p.a.
2000 - 2005 ' _ 2.8% p.a.
2005 - 2015 2.4% p.a.

During 1995 - 2000, a little bit higher rate than the past trend is applied in due consideration of
the socio - economic cffect of the Peace Treaty. But the higher growth rate will decrease after %‘
the year of 2000 as houschold incomes increase and living standards improve.

6.2.2 Population Projection by Municipality |

Population projection for different municipatities is made on the basis ‘of past trends with and
growth rates estimated above. For the estimate of the future growth ratc:by mu'nicip'aii'ty, the
following assumptions are niade: _ - _
(1)Past teend of high population: growth observed in each municipality will stow down in
the luture.
(2)Higher population increase will continue in the swrrounding lower density aceas such

as Sukhna, Hashcmcych, and Rusaifa. pgp
(3)Zarqa and Schenuller which have the highest population densily in the Area will e
increase at relatively lower rate compdn:d to olﬁer municipatitics.
In order to obtain the same figures that was forecast for the total study area, the growth rate of
* each municipality is adjusted and finally estimated as pméemcd below (also see Fig. 6.3).
Profected Population in the Study Area
_ {Person)
Municipally g4 1994-2000 2000 2000-2005 2005 - 2005-2015 . 203
Zarga 344524 o 28% 406600 2.5% _.f._;f_igeo.b{)o :: C23% 577.500
Sukima © 976t a4 12600 39% 15300 L 30% 20600 0 : 5
(Mashemeyeh - g3038° 479 17200 d0% 20900 0 32% - 28,600 -
CRusaifa a0 0% 165900 33% 1952000 26% 252300 ;-
Shennuller  gs218 - 27% - arsod - 24w T 4ns00 . 22% 59,500
Total SMETE T 32% 6MB00 28% T30 24% 938500
- ' o

Source:. NCA Study Team
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6.3 WATER DEMAND FORECAST

Water consumption data for WAJ Zarqa does not reflect the reat water demand because of water -

raiioning. The water deinand forecast is therefore based on data obtained from meter reading
records of customers in Zarga municipality who currently enjoy continuous water supply. A
combination of the ho_ﬁschold suevey (refer to Appéndix ) and the subsequeni water
consumption analyses indicales the average per capila consumption of these customers varics
between 75 and 80 iped du'rilig suinmer season and drops to 70 Ipcd in the winter. Therefore, it
is not unrealistic to assiu_ﬁlc a per capita consumption in the order of 70 Ipcd.

~ In consideration of the future increase in per capita consumplion, the results of thie houschold

survey are utilized fully. The following section explains the results.

“The household survey suggests a strong correlation between the per capita éonsﬁmplimi family

size, frequency of the rationing, and water pressure. These relations are seen in Tables -6.1 1o
6 2. Per capita consumplion i.s not related to the '!:museh(')ld inconw level (see Table - 6.3). This
may be allnbut&blc to the suppressed water use resulling from the rationing. Furthermiore there
is no apparcnl relationship between per capita consumption and the provision of sewage
colleclion services. This can be explained by the prominient use of the conventional pour-flush
toilet with uses less water. '

In addition to household survey, the Team interviewed several WAJ of ficials/enginecrs, asking
aboul water consumption habits They explained that the majority of the houscholds in the
couniry depends on conventional pour-flush toilets which do not require much amount of
water. They had also observed that water consumption did not increase when customers were
connecled to the public sewer systun They noted that the average houschold enjoys bathing |
and washing, an average of three or four times a week in mid summer and two or three times
in the winter,

Based on the above results, an extea 10 -15 Iped was added to account for improvements to the
living standard, and a likely decrease in household size. The resulting per capita consumption is
estimated o be 90 Ipcd by the year 2015 (domestic water demand on accounted-for water -
basis). ' ' ‘
The following assumptions were made in estimating the 10 - 15 Iped increments :

1) Average household size will decrease to 6 - 8 members which is cquivalent te an increase of
-3 Iped, L
2) Conventional pour- “fhish toilet use will continue even if the covcragé ratio of public sewerage
system increases, per capua consumption is not affeclud
3 The frequemy of !1undcnng, washmg and b'\lhmg will not change s:gmﬁcamly -md

6-5
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4) Water use applianccs such as washing machines will be diss_c_lilitiatéd to some ¢xtent as the
standard of lving rises in future, which is equivalent to an 8 <12 Iped increase.

To obtain future water consumption al 5 year intervals, it is assumed that the prescht per capita
consumption of 70 Iped will increase uniformly to the above target value, 90 Ipcd by 2015,
“This interpolation gives design values of 75 Ipcd, 80 Iped and 85 Iped in 2000, 2005 and 2010
tespectively.

Mosl of 'the walcr uulm:d under the largc consumers’ and gOVernmental institutions'

calcgorlcs are mainly for drinking and washmg by the cmployecs as expl’nned in Appendtx D.

The consumed amount of 1.7% of the total accounted-for water in 1994,_ is very small and

hence, for planning purposes, it is assumed included in the domestic demand,

The UFW survey suggests most of the unaccourited- for water orlgmates from adminisirative
aspects, Leakage losses account for 30-35% while other losses selated customer connections

are 20-25% of the total. As will be discussed in 7.2 Rehabilitation Plan, is assumied that the

UFW ratio will be reduced from 54% in 1994 to 30% by 2013, as meter reéading and billing
procedures are strenglhencd and major deteriorated pipelines are rehabilitated in the course of
the project development.

In estimating daily maximum water demand, a peaking factor (Daily maximum / Daily average)
of 1.20 is used to account for the seasonal and daily fluctuation, The present 183 Ipcd on a
" daily maximum basis will be 166 Iped in 20{)5 and 154 Ipcd in 2015. These estimates are
- considered adequate when compared to the per capua water consumpﬂon data in Amman and
~ other similar cities. The dccruasmg trend is due to a corresponding decrease in UFW.

Daily :Ai'crage & Maximum Per Capita Consumption (ipcd)

Year ' 1994 2000 2005 2010 2015
Average consumption 70 75 80 85 90
- UFW ratio (%) 54 48 42 36 30
Average dermand 152 144 138 . 133 129
Maximum demand 183 173 166 159 154

“* Demand includes both consumpion in subscribers and UBW in the system.

Total water demand is then computed as a product of the above per capita consumption and the
predicted population served as follows: '
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Water Demand

Year S 1994 2000 2005 2010 2015

" Population Served 534,700 644,800 739,200 832,300 938,500
Avg. Demand (m¥/day) 81,000 93,000 102,000 111,000 121,000

Thf: daily maximum water demand of 97,000 m¥/day in 1994, will increase to 145,000 m3/day
by 2015. The above forecast does not reflect any future regulatory changes concérning
ind;zs(rial water usage which could affect présent water consuniption patterns

6.4 WATER BALANCE

Water sourcés available within the Study Area are scarce. If appropriate measures for new
water resotirce development are not advanced by the agencies concerned, the water shottage in
the area will become more serious in the luture.

‘The following table sliows an estimaled water balance, supposing that the present well fields

conlinue to produce water and no additional water sources arc avaifable. (annital water demand
= average daily water demand x 365 days) '

Water Balance Without Additional Sources

(Daily Average Base) {(MCM/ycar)
~ Year 1994 2000 2005 2010 2015
Annual Water Demand 29.6 33.9 372 40.5 44.2
Water Source Availability 219 21.9 21.9 21.9 21.9
Balance 1.7 -12.0 -15.1 - -18.6 -22.4

e

' 6.4.4 Current Water Source For Zarqa

Current water sources for the Zarqa water sﬁpply system are based on the water balance for the
whole of Jordan. The population is concentrated mostly to the north of Jordan (population of
which is 3.920 miilion while Jordan is 4,328=milli_on in 1993). The current water balance for
the northern tegioh is as follows; | |

- 6-7
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Current Watér Balance in North Jordan
- : (MCMIymr in !991)

Governorate Supply Import. “Export

Zarga 25 15 l9
Ainman * 101 ** 46

Mafraq 13 0 l9

Irbid 34 .4 0

Balqa ' 19 -3 ' 0

{King Abdul Canal) _ - : R 30 .
“Total - 192 _ 68 : 68

+ Import from South Jordan is induded.  ** Import from South Jordan is excluded.

Accordingly, water sources for Aarq*i are classified into four groups
1} Own resources such as Zarga, Hashemeyeh and Awajan wells wh:ch are producul and

consunied in Zarqa. _
2) Imported resources such as Za’ al'm wells which are produced in Mafrﬂq and used in Mafraq,

§rbid, Zarga and Amman.
3) Common resources such as Azrag, Halabatl and Khaldla wells which are produccd in Zarga

- and conswned in Zarga and Amman,

The location of the waler sources serving Zagqa is expected to change by the development of
- future water resources in Jordan. Projects resulting from the Peace Trealy, the Wadi Mujib
“Lower basin and Disi wilt have a profound impact on the arrangement of the Zarga water

supply system.
"6'.4.2 Water Demand In Jordan

Determining the water demand is the first step to understanding the water balance'in Jordas.
Population in the north Jordan is projected below by using the same pqpulatibn growih rates

applicd in Zarqa.
Population Projcctioﬂ In North Jordan _ - ;

: (thousand person)
Govemorate - Anunan Zarqa Itbid  Mafraq Balaa Total = Growth
! year _ L . o rale
1995 1,803 688 1,006 179 207 3,883 . 3.20%
2000 2,111 805 1,178 210 242 4,545 3.20%
2005 2,424 924 1,352 - 241 278 5218 2.80%
2010 2,729 1,040 1,522 271 313 5,875 0 2.40%.
2018 3,073 1,171 1,714 305 352 6,615 2.40%

Based on the population projections, domestic water demands “are projected for 2 possible
scenarios: 1) a low consumption scenario where the per capita consumption will remiain the

6-8



© Chapler &/MP

's*une as thc clireeiit fevel of 150 hlcrs per day (including 58 % of unaccoumcd for water) and 2)
ahigh Lonsumpllon scenario of 180 liters per day. e

Watcr‘ Demand In Nowxih Jordan :
(MCM/year)

Govemorate  Amman  Zarga Irbid  Mafrag  Balga  Net Total * Gross
/ year : - Total
Case 1 (150 Ipcd) o ' ' _
1995 - 99 .38 58 10 tL 213 234
2000 116 44 64 - 1 13 249 274
2005 133 51 74 I3 15 286 315
2010 149 57 83 15 17 322 354
L2088 oNes 64 94 NN e 398
‘Case 2 ' (180 lpcd) _ o
: 1995 118 . 45 66 12 14 255 281
2000 139 .53 17 14 i6 299 329
- 2005 159 ot 89 16 18 343 3717
. 2010 179 68 100 18 21 386 425
- 2015 , -~ 202 7113 20 23 435 479

¥ in.cludes 0% convejzmte {oss and UFW ratio is 58%.
6.4.3 Water Resources Development in Jordan
If the water resources development proceed as shown below, water will be balanced between

2000 and 2010. However, alter 2040, other waler resources development will become
necessary.

Water Balance Based On Possible Water Supply

o (MCM/ycar)
Waler Source/ Year 1995 2000 2005 2000 2015
Existing Supply 192 192 192 92192
Mukheb . 25 5 75 25
Fahel - 8 i 8 8
Yarmouk River - 30 80 §0 80
Degnia Gate {Lake Tibedias) . 20 20 20 20
Desalination from Israel - 10 10 10 B 1
Wadi Muj Lower Basia - _ - 10 30 30 30
Disi - . - {90) 90 (150) 90 {150)
 Total Supply 19 35 365 455 483

" Demand (Low - High) 2340281 22410329 31510377 - 35410425 39810479

Watér Balance (Low - High) 4208  -ldto+d] 120 +50 43010486 2410 442

In the above cases it is assutned that 58% of high UFW in Jordan in 1993 will ot change.
However, rehabilitation of the dislrib_lilien systems is also planncd for the rest of Jordan as it is
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in this study Although reduction of the UFW will take a long tiine, it is reasonable to expect
that UFW will be reduced to 30% by 2010. The required demand witl therefore be significantly
lower at an estimated 298 MCMyear in 2010 and 335 MCMyear ‘in 2015 for the Hhigh
consumption scenario and 248MCM/year in 2010 and 279 MCM/year in 2015 for the lower
consumption scenario.

Water Balance For UFW Ratio of 30 %

- : {MCM/ycar) @
~ Year | 1995 2010 2015 -
Total Supply 192 455 455
Demand (Low - High) 23410 28! 248 to 298 - 21910335
Water Balance (Low - High) -42t0 -89 4157 to 4207 +12010 +176

S ltis reported that existing wells are producing at t'wi'cc the safe yield iimii “For both the high
and low consumption case there will be a large positive waler balance. Thetefore it is advisable
to reduce production yield of the overdrawn wells. Even when production is reduced to h'\lf
the water balance remains positive as shown below

Water Balance For UFW Ratio of 30 % .
' - (MCM/yean). @
Year 1995 2000 2005 W10 2018
‘Bxisting Svpply 192 192 92 * 06 %96
Mukheb : 25 52 25
Fahel | | i g 8 g 8
Yarmouk River - _ 30 ' 80 80 80
Degnia Gate (.ake Tiberias) - o 20 20 20 20
Desalination from fsrael . 10 10 10 lOI
Wadi Mujib Lower Basin - 30 30 30 30
Disi - - # - (90) 90 (150)  90(150)
Total Supply 192 - 3S 65 39 359
Demand (Low - High) 233 to 281 274 to 329 .315 0377 21810298  2M 1w 335

© Water Batance {Low - High) 421089 -l4to4] <1210 450 461 (0 4111 42410 +80

* Reduced to half of the ulsung supply

# Dist project is plannedto yield 150 MCMI}ear al the second slaae Ho“.e\er from the viewpoint of water
balance, it is not necessary.
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6.4.4 Future Water Source For Za_rqa

From the preceding, until 2005 the quantity of water from existing sources will match the
current use and the additional amount required to meet increased demands will come from the
east, namely Azraq, Za'atasi clc., reaching 938 Us (30 MCM/year) in 2005. Afer 2006, the
qu'mtt!y from existing sources will be reduced by half and additional water will come from the
west. The amount from the west w !” reach 741 Us (24 MCM/ycar) in 2015, Water soutces for
the years 2005 and 2045 ate shown in Figs 6.5 and 6.6, respectively.

Water Soiirce -A‘nd' lenlity' For Zarga

- .  Year 1995 - 2005 3015
Water Source : (W) (t/s) (7s)
‘Khaw (Za’atari, Khaldia, Halabat and Azraq) *340 #938 (660) 555
Zarga : 140 140 70
‘Hashemeyeh ' 150 150 15
Awajan 30 130 65
Murhib 19 19 10
Wells in Rusaifa (Phosphate, Hulleen, Bassateen, 36 36 20
Rusziih 18) '
Rusaifa vailey wells - #-(278) 140
Unspecified New Source from West Side - - 741
Total h 815 1,413 1,676

- * Curgent yield is 1,1 10 ¥fs and the remaining is sent to Amman.

# 938 is required either from Khaw totally or Khaw and Rusaifa valley wells in 2005.
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VIl - WATER SUPPLY IMPROVEMENT PLAN |

7.4 DEVELOPMENT CONCEPT

Present water supply conditions in the Study Arca lag far behind the need. Per capita
consumplion is at a low level of 52 Iped. 36 % of the subseribers fecl dissatisfied with water
supply services provided by WAJ because of regular rationing in 70 % of the service area,

~ high concentration of TDS and frequent meter reading errors.

WAJ Zarqa is facing the following problenis;
" 1) High UFW (iricluding leakage) fatio
2) Shortage of waler resources
- 3) Inadequate distribution system
- 4) Low guality of bxisiing waler resources

For formulating thé loné term development plan, the foliowing development concepl is apptied
in due coiisideration of the present conditions;

1) More Efficient Use of Available Water

2) Improveient of Water Supply System

3) Re-use of Wells with low Water Quality

4) ijs{cm Expansion for Future -

'7.4.1 More Efficlent Use of Available Water

Though considerable effort has been made for expanding new water resources in the Study -
Arca as well as in Jordan, more efficient and effective use of the available water is sought singe
wmlablhty of renewable water resources is qu:le limited in the country. :

As explained in the preceding chapter, UFW in the Study Area is recorded at 54% . More than
half of the walcr:produced is simply wasted. This high UFW eatio is mainly duc to illcgal
connection, leakage loss and meter error and sone administnitivc_loss. “This high UFW ratio is
planned to be reduced to the fevel of 30% by 2015 by implementing a rehabilitdtion program.
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71.2 lmproﬁemént of Water Supply System

The existing waler supply system is not well laid out becavse extension and cxpansion have
were made in response to a rapidly increasing demand without overall -"plan'ni'n'g and
coordination during the past decades. Inefficient tayoui of pumping stations and distribution
network is a iypical. '

To inake the water supply system more efficicnt, reorganization of the distribution system is -

planned including;
-1} introduction of 4 new zoning systemn
2) scpamiio’n of distribution pipes from transinission pipe; and
3) optimization of pumping station layout including boosters, and reservoirs

A new zoning systemn is the most basic and important concept for _'lhe improvement plml. The
Study Areais divided into 8 zones depending based on the horizontal distances and clevations.
The plan is to transmil water to the reservoir in each zone, and distribute by gravily to the
subscribers in the respective zone, Efficiency will increase and operating costs will decrease.

7.1.3 Re-use of Wells

Resuming operations at wells which are out of operation duc to the deteériorated water quality,
will help ease the severe water shortage in Zarga district. The critical quality parameters are
TDS and NO;. Water quality can be improved with appropriate treatment, however, removal of
TDS requires the costly RO method. Blending with better quality water is proposed to minimize
“costs since these wells will again stop production when HeW ICSOURCES e provided 1o Zarqa..

Re-use of the Zarcja wells will ‘alleviate water the deficit situation considcrably.'- Their
production capacily is almost equal to the Hashemeych and Awajan wells. However, this
measure has a short 10-year life cycle and will no longer be required when new water
resources are supplizd.
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7.1.4 System Expansion for Future

The improvement plan will see to the expansion of the systém to prepace for future deinand
increases. Preparation of the expansion plan will require consideration of the location of the
water sources which will be changing during the planning period

Additional water n,s'ourcels are being explored. These include the ilcvclbpmenl of Yarmouk
river (related to the Peacc Treaty), and the devclopmmt of DISI aquu The projects are aimed
at increasing water supply for the whole of Jordan but a major pmlmn will be definitely
allocated to Amman’s ‘demand. When the allocation is made, the water curcently exporied from
Zarqa can be reallocaled to Zarga exclusive use. Even the quantity imported from Mafrag can be
increased for Zﬁfqa use in the fulure with the exchange of water from the Yarmouk river.

" Therefore, it is assumed for the tong-term development plan that Khaw pumping station

together with the 600 nun Khaw - Amiman pipelirie are for the exclusive use of Zarqa.

7.2 REHABILITATION PLAN
This subsection deals with pipeline rehabilitation including replacement of house connections.
The operation and maintenance plan for these pipelines is discussed in Section 7.4. UFW

survey results arc shawn in Appendix H.

7.24 Transmission and Distribution Pipe Network

:As’ discussed in Chapter IV, leaks are occurring mostly from the old distribution and service

miains which were lald:in 19650's and 1970's and have been lefl wilhout proper nwintenance.
Leakage from new large diameter (ransmission and distribution mains instatled in {980's and.
1990's are l‘bl’lll\.’bl}' small.

In case the leakage ratio is high, replacement is more cconomical than repair. To establish the
cost benefits, the cost of rehabilitation is compared to the cost of producing water.

1) Rehabilitation Area

Results of UFW survey and thc data available on the pipeline rehabititation carricd out so far by
WA.I Zarqa are useful mfonmhon for ldemu fying pnonty arcas for the pipe rehabilitation plan.

CWAS Z’qu'i has been exerting efforts for replacing the old dlslnbuuon pipe network since 1990.

Because of the lmuted resources from the Central Goverment the progress of plpclmc
rehiabilitation has not et the expectations of WAI Zarqa.

o
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Deteriorated pipelines -which have nol already been rehabititated by WAI are proposed for

- rxhab:hlaﬂon as preserited in I‘lg 7.1. Pipes in the following proposcd rchabiliiali0:1 areas

were all instalted in 1960s.

Al-Ghouricyeh and Hai Hussein (Zarga): Both areas are the most populated areas of
Zarqa Municipality. Water pressure in these areas averages 6.5kg/em2.. This high pressure is
explained by its tocation adjacent to the Zarqa Pumping Station. Most of the deteriorated lines
an, ductile iron pipe, 100~ 150 mm in diameter which are installed in 1966. Plpclmes of 75
nun or less: mc!udmg house conncc{lons which have bccn rcphccd recently by WAJ are in
good condition.

ZarqafCamp‘ and Janna; black steel pipes and'galvanizcd steel pipes of 50 - 200 mm in
diameter were instatled in 1960s, some of which aré pautly rehabilitated in 1980s and 1990s.

Sukhna: Most of the piping installed in refugee camp are deteriorated; Materials used are black
steel and galvanized steel pipes of 50 - 100 nun in diameter, installed in 1960s. |

Has hemeych: The area reccives water from Khaw pumping station. Most pipelines were taid
*in the 1960s except some service mains and connections which were installed in 1980's. Pipe
materials are black steel and galvaniaed steel, 50 - 200 min in diameter, which are all
deteriorated. Althongh some heavily deteriorated plpcs h“we been replaced by WAL, most
" pipetines have never been repaired.

West Awajan, Jabal Al Shamali, Hai Al Hussain and Hai Al Aratfah (eld
“Rusaifa): These denscly populated arcas are within the municipal boilhdmy ‘of old Rusaifa.
-Pipelines were installed in the 1960s - 1970s. Service and dist_ribulion mains of black steel and

galvanized steel, 75 - 100 mun in diameter, have been left 'lunrcpaitcd. | Pipes larger than 100

i in diameter were rehabililated from 1985 to 1987.

Schennuler Camp: Schennuler camp has a high population densily,. WAJ Zarga engincers
‘report that dislribution mains are black steel, 150 mm and (00 mim in diameter, installed in
'1960s, all of which are deteriorated.

Priority for rehabilitation shall be given those lines that are in service in high water pressure

zones and were installed in 1960's. They are pipelines in Al Ghourieyeh & Hai Hussein in
Zarqa, West Awajan, Jabal Al Shamali in Rusaifa. : '
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2)  Pipe Materials Recommended

“There are several materials thal have been used for the pipe network. Most typically used are

pipes made of black steel, ductile case iron, polyethylene and galvanized steel.  Each pipe
material has its own characteristics. Ductile cast iron and polyethylene pipes are the most
corrosion resistant materials. Polyethylene pipes is not recommended for large diameter
distribution and service mains because it is oo flexible. In view of the cost, installation method
and maintenance aspcct,: ductile cast ivon pipe is the most appropriate and cconomical material
for larger mains. Polyclhyl_ene is best for small diameter pipelines.

3)  Pipe Lehgth

WAJ has very limited information available regarding the old distribution pipe nctwork which

" was built in the 1960s. In the case where pipe length is not known, it is assumed from the

system layout and the UFW survey maps prepared onder the current study. Pipe length of the
existing distribution and service niains laid in afleys and roads is measured on the survey map
and sumied up for each diameter pipe. The length thus obtained is proportionally allocated to

" the whole rehabilitation area. The following are the resulting estimates

Scope of Pipe Rehabilitation

Name of Arca Area (km?) or 150 mm - 100 mm 63 mm
. Nos. of DIP Pipe DIP Pipe polyethylene
Subscribers Length {in) Length(m) Pipe

— . * Length (m)

Al Goarieyeh!) 06km2  2800m 1,100 m S

“Zarqa Camp & 2.300 subsoribers . 1,100m  7,800m
Janaa ' o ' ‘

Sukhna 800 subscribers?) - 2800m 4700 mY

Hashemeyeh 1700 subseribersd . 3900m - 9.100m 8400 m Y

__Shamaii ;

Hai Al 1tusscin -

“Total - | 17,400m - 75000m - 13,100 m

- 7-5
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1) Hconfains 8150mm in Abu Abdeh Strect and Al Jazair Sﬁeel and ¢100mm in Al Ordon Street.

2} It was assumedthat around 0% of the total SubS& ribers areresiding in old mumc;pa] centérin Sukhna and
* Hashemeyeh.

3) - It contains ¢100mm black steel mains in Priné_e Hasan Streel and Al Bokhari Street.

4)  In smaller municipalitics of Sukhna and Hashemeyeh, diameter of the existing distribution mains is
100mm. Therefore, 50mm service mains are considered appropriate.

7.2.2 House Connections

House connections have been replaced intensively by WAJ since 1990. But lhef_c' are still a
large number of the old scrvice pipeiines left without repair. The service pipelines are mainly
galvanized steel 3/4" in diameter. Th'ey are also one the major sources of leakage 'acc’or"ding to
UFW survey.  Therefore, - replacement of connections which were made in the 1960's is
consideced urgent.

As is cumrently practiced by WAJ polyethylene is the recommended material for service
pipelines. Special aftention is required for meter instalation.  All meters should be enclosed

inside a steel boxes and installed on the customers ys{rd, and not in the home.

Based on the WAIJ rchabilitation program exccuted so far, the number and length of house
conucctions to be vrgently replaced is determined ang the results are given in a {able below:

~Nos. and Length of House Conneclions for Replacement

Arca Number of Customer Meters  Length of Service Pipelines**
Sukhna : . 800 32mm x 12km*

i'"ifi’;';i{é}{ié;'e”i'{"’ . 17000 32mmx 26km*
Wcsl Awajan 200032mmx20km ............................
Zarqa Camp v janaa 230032nnnx2‘lkm
"Allabal Al Shamali : 3,000  32mmx 30km

Dai AlAratfah & Hai A 2,900 32mmx29km
Hussein '

- Total 12,700 32mm x 140km -

*  Average service pipeline length per connection, 10m, was used for the estimates except for Sukhna and
Hashemeyeh where 15 m was applied.
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