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" PREFACE

In response to the request from the Government of the Hashemite

- Kingdom of Jordan, the Government of Japan decidéd to conduct the Study

on the Improvement of the Water Supply System for the Zarqa District and
entrusted the study to the Japan International Cooperation Agency (JICA),

JICA sent to Jordan a study team headed by Mr, Kazufumi Momose
of Tokyo Engineering Consultants Co., Lid. associated with Nippon Koei Co.,
Ltd., several times between November 1995 to May 1996.

The team held discussions with the officials concerned of the
Government of Jordan , and conducted field surveys at the study arca.
After the team retwrned to Japan, further studies were nmade and the
prescnt report was prepared.

I hope that this I'eport will contribute to the promotion of the project
and to the enhancement of friendly relations between owr two countries.

I wish to express my sincere appreciation to the officials concerned of

the Government of the Hashemite Kingdom of Jordan for their close
cooperation extended to the team.

~ Jduly, 1_996

Kimio Fujita
President
Japan International Cooperation Agency



JUI;Y, 1996

Mr. Kimio FUJITA
President
Japan International Cooperation Agency

LETTER OF TRANSMITTAL

Dear Sir,

We are pleased to submit herewith the Final Rebort enﬁﬂed “The Study On The
Improverent Of The Water Supply System For The Zarqa District In The
Hashenite ngdom Of Jordan”.

This report has beeén prepared by the Study Team in accordance with the
contracts signed on October 1994, May 1995, October 1996 and May 1996
between the Japan International Cooperation Agency and the Joint Venture of
Tokyo Engincering Consultants and Nippon Koei.

"The report consists of the Suinmary in English and Japanese, the Main Report in
English, the Supporting Report in English. The Summary summarizes the vesults
of all studies and includes conclusions and recommendations. The Main Report
contains “the results of survey, analysis and explains aboul long-term
development plan and short-term development plan.

'All members of the Study Team wish to express grateful acknowledgment to the

personnel of your Agency, Admsory Committee, Ministry of Forcign Affairs,

Ministry of Health and Welfare, Embassy of Japan in Jordan and JICA Jordan
office, and also to the officials of the Water Authority of Jordan for all assistance
extended to the Study Team. The Study Team sincerely hopes that tho results of
the study will contribute to the improvement of the water supply system for the
Zarqa District.

Yours faithfully,

/47%%&

_ K4z fumi MOMOSE
Team Leader
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EXECUTIVE SUMMARY
1. INTRODUCTION

?,ﬁr(ja district, the Study Atca, is sitwated 35km northeast of capital Amman and has been
developed as an industrial cily. In the Study Atca water rationin g has been practiced due to the
limited availability of the water resources. It has been aggravated by high ratio of unaccounted-
for water. The water resotirces shortages arc'prevailing not only in the Study Area but also in
Jordan. The various majors are, therefore, being planned from the view point of the whole
nation. Accordingly, the watér resources issuc is not dealt in this report. This report, instead,
deals with the issucs which are solved within the Study Area. They ase;

- Rcduéing unaccounted-for water

- Rationalizing distribution system

2, PROJECTION OF POPULATION AND WATER DEMAND

The p_opnlation of the Study Arca is projected to increase to 739 thousands in 2005 and 938 |
* tho:isands in 2015 with an annual growth rate of 2.4 10 3.2 %.

The average per capita consumption {(on accounted-for water basis}) iﬁ the Study Area is, at
present, 52 Iped, where water rationing is practiced. This would be, however, 70 Ipcd if water
is supp'licd continuously. For the future water consumption, ‘another 20 ipcd is added in
consideration of the future change in living standard, a way of life and hkely decrease of .
houschold size. As a result, 90 lpcd is adoplcd as Ihe largcl value for 2015 |

To estimate demand, URW within tfnc system is added td’_cOnsluhptioh in the s_ubsCriib:ch. The
UFW ratio will decrease from 54% in 1994 to 30% in 2015,]_as" meter reading and billing -
procedures (niajor reasons for UFW high ratio) as well as Iéakagc contrel measures are
strengthened and improved in the course of the project development. In estimating daily
maximum waler demand, a peak factor {Dﬁily 'méximmNDfaily average = 1.20), duc to the
seasonal and daily ﬂuctualmn is cmp!oycd As a result, the prcscnt demand of 97,000 1113Iday :

will increase to 145 000 m3lday in 2015.

Water _Dcmand

_ Year 1994 2000 2005 2010 2015
Population S¢rved 534,700 644,800 739,200 832,300 938,500
Average per capita con sumpllon (liter) 70 75 30 85 - 90
UFW ralm (%) - 54 48 42 36 30
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3. WATER BALANCE

Water sources available within the study area are allocatéd, taking into consideration of !hc.
water balance in whole country and will be allocated as well. Considering a) the water
resources development projects such as the “dividend” of the Peace Treaty and the Disi Aquifer
and b) water demand in the country, the following water resources will be allocated to the
Study Arca; |
- Existing resources such ds Azraq wells
- Converted resources which are now used for Amman

Considering the progress of the water resources development pr{)jcéls, the above resources will
be used until 2005. However, after 2003, additional waler resources need to be added to meet
“the water demand in the Study Area. The additional water resources will be located to the west
of the Study Area while both the existing and the coriverted sources are located o the ¢ast of the
Study Area. Accordingly, the fransmission pipelines will change in direction in the year 2005.

4. WATER SUPPLY IMPROVEMENT PLAN

For formulating the long term development plan, the following development concept is applied
in due consideration of the present prablems;
1) More Efficient Use of Available Water
:2) Tmprovement of Water Supply Systcni
3) Re-use of Wells with Low Water Quallty
4) Syslcm I*xpansmn for Future -

- The facilitics wnth lhe abovc couccpt is planued for the target ycar of 2015 with two staged

mlplcmcmahon plan. For the first stage plan with a target year of 2005 fcaﬂblhty study was
~ conducted. The facilities are shown in Table and Figure. The project cosl is 63 million US
dollars for the first stage plan andi is 22 million US dollars for second one.

5., ORGANIZATION AND OPERATION & MAINTENANCE

. For the successful implementation of the Stage T Project, a Project Implementing Office (PIO),
headed by a Project Manager (PM), is to be organized in WA Zarqa. The Project contains civil
“works for rehabilitation and cxpansion, which are considered slightly different in natuce. It is
therefore ré_cdmmcnded that (wo teams, Rehabilitation team and Expansion team are organized
- under PM. '

it
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 Rehabititation of the deteriorated distribution and service mains are proposed to reduce UFW.
" More important measures to reduce UFW are strengthening of the leakage control organization

to have active leakage control measures instead of the passive oncs. Also, measures to reduice
metering errors which is one of the major portion of the UFW, should be taken.

6. PROJECT EVALUATION

The estimated EIRR is 8.8%, which indicates that the project is economically justifiable.
However, FIRR is negative due to low revenue associate with low tariff. ‘To gain 5 % FIRR,
the tariff needs to be doilhlcd In this case, ratio of the tariff against the household revenuce will
reach to approximately 1 % from the current 0.4 %. The 1 % is within (he so-called tolcrable
ratio of 4 % and the tariff increase is within the allowable range.

Annual required fund for the project varies from US$ 2.0 million to US$ 15.8 million during
the implementation period of 1998 - 2004.

WAJ has spent about 3D 48.4 million or US$ 69.1 million annlially on an average during the
past 5 years. Compared with this figure, the estimated annual fund requirement for the project
cortesponds to 2.9 - 22.9% of the annual WA investment. The annual fund requirements is
less than 20 % of WAJ investment except that of 2001 and is considered within the reasonable
investment level of WAL |

Further, substantial socio-economic impacts are expected from the implenentation of the

‘project. The improvement of the basic human needs through thie alleviation of water shortage

and rationing is considered a great benefit to the Study Area as well as the résulting regional
development. Taking into account all the above the prolecl is justified econom:ceﬂly 'm{l,
socially and its carly implementation is to be rccommended.

7. ENVIRONMENTAL IMPACT ASSESSMENT

The following issues are concerned with the project impfcnmnl*tlio:i ’Rcscllic:hcnt" 2.
Econoric Activily (Impacis on existing lcnanl or lower income people), 3 Traffrc and Publlc
Facilities, 4. Archacological Tn,asures and 5. Water Pollution
Howcvcr the impacts are minimized with the following mcasures;

1. The facilities are planncd to avoid resetilement.

2. Lower income people docs not reside the hitly areas which will be ‘the major

beneﬁcmlly aréas wuh the project implementation.
_ 3. Sewerage facilitics will be served by 2000.



Table

FACILITIES FOR THE STUDY

Tai’get

. Facility

‘Size

.2) Zoning System
- Transmission Pipe

1) Reduction of UFW

Replacement of Distribution Pipe

Replacement of Service Pipe and Meter

Creation of District Metering Area

150 mm X 17.4 km

100 mm X 75.0 km

- 50'mm X 13.1'km

12,700 meters s
20 mm X }40 km - i '
25

- Distnibution Pipe

}(j;aw PS - Batrawi Rca
Batrawi Res :Res 715
Batrawi Res - Hashemeyeh offtake

Hashemeyeh ofitake - Hararieh Res
Hashemeyeh offtake - Sukhna Res

Khaw PS - Awajan PS
Awajan PS - Awajan 695 Res

" Awajan PS - Awajan 635 Res

Awajan PS - Rusaifa 750 Res
_Rusaifa 750 Res Rusaifa 815 Res

Khaw Pump for Batrawi, Haraneh ad

Sukhna

Khaw Pump for Awajan PS
Batrawi Pump for Res 715

Awajan Pump for Awajan 695 Res
Awajan Pump for Rusaifa 750 Res

Batrawi 650 - Expansion

Harasieh Res - New

. Sukhna Res - New

Awajan 695 Res - - Expansion
~ Awajan 635 Res - New -

. Rusaifa 750 Res - New
Rusaifa 815 Res - New

" Rusaifa 815 - Schneler
* Rusaifa 750 - Rusaifa

Being revised

b A e s A A o 4 W e AR

. Rusaifa Pump for Rusaifa815 Res

| P
: - Res T15 - New

- 4.1 m3/min.

800 mm X 7.9 kim

400 mnt X 2.2 km

400 mm X 0.1 km

300 mim X 2.3 km

250 mm X 1.9 km

200 mm X 1.0 km

150 mm X 6.8 km

600 mm X 12.2 km

600 mm X 0.3 km & Existing 600 mm
200 mim X 0.8 km

600 mm X 6.6 km

400 mmX18km
9.7 m¥min. X 77 m X 310kWX 6

X7T9mX I0kWXS
X8TmX75kWX4
Xi21mX220kWX 5
4.4 m3/min. X 193 m X 290kW X 6
32m¥min. XTSmXI5kWX4a
12 500 cubic meters

14,000

&

2.7 m3/min.
5.4 m¥/min.

2,000
. 1,000
‘5,500

2,000

10,000 .

5,000
4,600
1700

15) Utilization of Existing Wells

~ Collector Plpc.

" zarqa well - Khaw PS

Hashemeyeh - Khaw PS
Awajan 23 well - Awajan PS

AR A T R SR T e

R Plllnp

lmqav.el] - Khaw PS
Hashetmeyeh - Khaw PS

_Rusaifa valiey wells - Awajan F PS

Existing (400 mm)

250 mm X 5.7 km

Exnstmo .
'?OOmmxz‘)l\m

3.0 m3/min. X 1S0m X 1SOKW X 1
3.0 m_3fm1n. XKI50mX150kwX 1

e et e, RSB valley wells - Awajan PS e RIS e
- - Collector Tank Awajan PS - New 5,000 m3 _
Khaw PS Existing (12,000103)
"PS:  Pumping Station " Res: ° Reservoir



: ADNADV NOLIVEHAJIOOD TVNOLLYNAUILINIT NVIVE
WHELSAS NOISSIANSNY YL —
LOTYISIA VOUVZ THL YO - N
S.E.m.aw K1ddNS FALYAL LB IO INTNIAOUDAT AHL
Bz NO AQNLS THL
-y M z L L]

UNILLILNY

Junsixy -
x| —
$00T
107 < W

.

VALV O

MVHY

INVILV.VZ O




To Jarash

.- A : “‘;,%X * v".

. i T
: 7 I
: W/
/‘umrt :\w\,‘ v‘.ww . u,wr?p‘ . \,"
l““n-m ;«.-,,;.# -
Y

0
e
if
To Beliein ’\ 2 To Khaw
Y P N
\\‘“\: ..... // \:‘ . 'M..
\\‘-:::. "‘\{W'wi

;';/

\“
J"".
’ § e ToKha.w
o { i
’mw!‘ :
‘&“'-v‘.rul’-"

P Ll NP
Pt *""s..,m..‘_,,._?

@

i TAl !abat
i Rusaifa Al Shamah1 P e
N
g
™ 0 ) 2 3o
t e 3
To Am ‘an\;% ) :
£5] RAHABILITATION AREA
' THE STUDY ON | Fig.-
'l‘lil:,IMPROVI:.MLN]‘OFTIIE\\ATFRSUPPLYSYSTEM : -
FOR THE ZARQADISTRICT - DR
S REHABILITATION AREA - |, -
JAPAN|vrsunmox‘ucoopmumvAc-er\cy - A




PREFACE

TABLE OF CONTENTS

ABBREVIATION
LOCATION MAP
EXECUTIVE SUMMARY

PART | LONG TERM DEVELOPMENT PLAN
l. INTRODUCTION  ERCOTCRE RSO ER TSRS St ------------------ (-1
Il. - THE STUDY AREA :
" 2.1 Natural Conditiotis - ------- e 2-1
- 2.2 Socio-Economic Condilions------------emmemmmmoermeo i ------2-0
2.3 Public Health and Hygiene ---------  RUOSETEREEEE :---------:-——--_'- ----- - 2- 1
2.4 Urba_li Development and Land LS Rt 2- 12
PRESENT WATER USE
3.1 Scmcc Area And Population Scrvcd-~--‘---'-—--.—-4——---?—~'—_--':—--.—-'—.---'.-——--.--—3 I
- 3.2 | Water Service Level------sreasemreionioneenes mmemse msiessiosn oo 3-2
3.3 Water Consumption <---------—-- - _ el ;—--_—--.--'----" ----------- A 3-3
3.4 Quality OF Water Supplicd------sr-sarssassesmsomessinsnno e S 3-5
EXISTING WATER SUPPLY SYSTEM

V.

4.1 .
4.2
f 4.3
4.4
4.5
4.6

4.7

OVOIVIOW -<-emmrmmrbnememomnes Semsene e T SRR |
T S N N Y I
Pamping S!auons——--------.--—:---’------:-44-—--*--.---¥-----4:--;.--;--:- -------- —-+-4-5
Transuussmn Aiid Distribution Mains -- ----- — ----- '—4-7
Service Rcservmrs-—-f ———————— e et weenid-8
House CONNECHONS--+++snsresarsreanermm i ----4-9.

Unaccounted-for Water ------------------ S ——— semiemees 49



Vi,

Vil

VI

ORGANIZATION, OPERATION AND MAINTENANCE

5.1
5.2
5.3
5.4

O gANI 2RO =~~~ m oo --5-1
Operation and Maintenance-------+---xxxaveeeeee bommmmedeeedonene Tmasieonas 5-3
Meter Reading, Billing and Bill Collection ------—-—--~-----———-44---—-----:-5-7
Financial Management -----=-eeememmmommomemomiiiao edeetontas SR

WATER DEMAND AND WATER SOURCES

6.1
6.2
6.3

6.4

Future Urbah Development Plan for Zarqa-—---—-—-#----u----—---——~--_~--~6-l

: Populaiioh PrOjection -----rsceve e 63
Water Demand FOfECast-- === rmrememm e e e 6-5

Water Balance -----s--eeemoms oo 6-7

WATER SUPPLY IMPROVEMENT PLAN

7.1

1.2

1.3
f7.4-

7.5

1.6

8.1

- 8.2
- 8.3

Development CONCEPE -----=-xnsemmemmmmmeem et mes e e 7-1

e Y R O SO 7-3
Improvement Pran - - ceeom oo U7T
Operation and Maintenance PR ------==««escrsamssssemmmemme e 7-14
Implementation Plan and Cost Estimates ------«-svevesmeioemccnni i 2717
Expected Fconomic Benefits and EVaIRHon —----- -----smmmmmeeoeremeee- 7-19

INITIAL ENVIRONMENTAL EXAMINATION

Guidelines For Initial Environmental Examination -------------c-v-eeeeoev 8-1
Environmental Examination Matrix----«-«ec-o-oo- - e manaaas 8-2
Examinations of Selected Environmental Rlements----------==---=vee=eeae- 8-3



PARTH

Il

l"c

V.

FEASIBILATY STUDY

INTRODUCTION

1.1 Background et B L SRR I-1
T 1-1
1.3 Objective-—----—--- S esemess RE—
1.4 Water Demand and Water Sources --------- DR ALTITEEEE LTI I-5
'PROJECT DESCRIPTION

2.1 Design Coneept ------omsrommmem oot D ]
2.2 Transmission Sysleny «------eoommmmmam oo 2-4
2.3 Collection Systemn —-----mrmmmomm oo eemeeee i 229
2.4 Distribulion SYStem —=-----somoeemioaonee oo et 2110

ORGANIZATION AND OPERATION/MANAGEMENT

Projeél lm'plcmeming Organization ~-----------=seosmmemearnoome ool --i---3-1

3.1

3.2 Operation of the Completed Facilities SRR OO X I
3.3 Leakage Control and District Metering ----=-------=--- mememseedaamanneeneial 32
3.4  Ymproved Accounting System------ SR RREFLEE S --203-5
COST ESTIMATES

5.1
5.2
5.3

5.4

IMPLEMENTATION SCHEDULE

Procurement of Construction Mateiials and Labor Fércc-—-—------------_--5-l
Contractor capabilily -----------tasemm e 5-1
Manner of Procurement for Construction Works and Equipment

and Materials ------------ T Rt R 5-2
Frplementation Sehednl «-----mx-msmsweeeecmeo e e 5-3

i



VI

Vii.

Vill.

PROJECT EVALUATION

6.1  Economic Bvaluation--------------rsememmmmeeoeo oo e Femmemeeomneees 6-1
6.2 Financial Bvaltiation - ----r-mscmemmxmresen e oo --6-3
6.3  Socio-econoinic Impacts and Overall Evaluation S — ] 11

ENVIRONMENTAL IMPACT ASSESSMENT

7.1 Resettlement -----—w-oeseeseemeerceas e 71
7.2 Impacts on Ixisting Tenant or Lower Income People--------- S 72
7.3 Traffic and Public Facilities ------s=-sersommmmmmms croeemom e 72
7.4 Archacological Treasures -----------ocoommemmo e 7-3
7.5 Water POHUIOR ~----nneosomemmm et 7-6

CONCLUSION AND R'ECOMMEN'DATION

T 1T L S 8! '

8.2  Recommendalion —------emmmir e 8-t

iv



4.1

4,2

4.3-

4.4
4.5

4.6

4.7
4.8

4.9

5.1
5.2
5.3
5.4
5.5
5.6

6.1
6.2
6.3

8.1

List of Tables

| <Léng Term Devélopment Plan>

Technical _Dinmnfsidné Of Wellg=-nn--oniomeenmmones A 4-16

Wc_:ll:Fields lnslnllliciit (LI [ —— e nieme meeenerues 4-17
Water Production at Well Fields (1994) ----------e-semmemmsmemasnss s R 4-18
Water Supplied 0 Zarga Governorate (1994)--------------mwmwmrioem ez e mmoeeees 4-19
Walter Distributed from Major Pumnping Stations (1994) ------------ wedadeantanas R 4-20
Groundwater Quality-------- - m s s 4-21
Pumping Station Instroments {Pumps) in Zarqa DiStHCE =-s-umsmmr e e 4-22
Pumping Station Instruments {Flow Meters & Pressure Gauge) in Zalqa District ——--4 23
Tanks AN RSOV oINS - e e e e e 4-24
Waler & Sewerage Tagilf-----=----se-cee et 5-13
WAJ Income Statements, 1990 - 1994 Tt B L
WAJ Balance Sheet at Dec. 31, 1990 « 1994 <o aememmemamammmommneeea e 5-15
WAJ Source and Application of Fund, 1989 - 1993------ezxsecee- N —— --5-16
Budget for WA Zarqa--- -------------ocessmsoreeee e S — ---5-17
REVENUE Of WAF ZAIGA - ——-+-—enersemmememsemssmssmmaninememnssemsamammnemeemnen e e o518
Water Consumption vs. Nos. of Days Received ---------------cmveummnn Sommmnmsneenna 612
Water Consumption Vs, Water PIESSULE--------------mrm-emmomrmssmesnasesbeionnacenien 12,
Water Consumption vs. Income Level----- - corememm oo 6 2
List of Main Antiquitics in the Study Arca —----------~-_---------——---—------—------------:--8-6

<Feasibility Study>

2.1

4.1

4,2

51

Facilities for the STudy - -----sneren s mmrem oo e 2-2

Su'mm'ary:of Project Costs for Stage L-v--rrvmmmm sl -eene 4-2
Project Cost Estimate for Stage 1---<-----mrremmmmmoee oo 4-3
Disbursement Schedule for PLoject (SLAge 1) -------<=-mwsmmrermrsemsemrcaramessenannas 5-5



6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
6.10
6.11
6.12
6.13
6.14

7.1
7.2
7.3
7.4

7.5

7.6

Estimate of Economic Benefit-----:----------- 611

BIRR Calehlation -« -+----ce-cmeesemmmeeameeamce e tnees coee e e e e cee e acmean - 0-12
EIRR Calculation (Case 1) -------- 613
EIRR Calculation (Case 2) ---------==mnnsommmmemmeecceoen e e— y V'
EIRR Catculation (Case 3} -------------- D OCRRIT SR S SO % |
Incremental Water Con_su_mpiion and 111¢rcn1ental Water Revenue -------- --4---6-16
FIRR Calculation----------- S : S S Sl
'FIRR Calculalion (Case. 1) -------se-erosseeraneemesaiaces S SRR 8 |
FIRR Calculation (Case 2) --------otecscmsmmemsmemacamiocmenees S 619
FIRR Calculation (Case 3) —-—----;----------------Q—-—---é-~------------~-----—--;--4---——-—-_-_6-20
Cash Flow of WAJ Zarqa ---- -----====r===mmmmmeesreercererssaanaaacn s aacees SR —— 6-21
Cash Flow of WAJ Zarqa (Case 1) --------<mclecceeemcmeas I —— 6-23
Cash Flow of WAJ Zarqa (Case 2) —----<---srmwsoremrem i e ceeaosa e o625
Cash Flow of WAJ Zarqa {Case 3) ---------rcrsreermretemeeemaceammemeeeecmeceececmeee 6227
Required Size for RESCIVOILS -----=-=--mcxemsomsoremarccaeaaneen et 7-1
Origin of Gross Domestic Product at Factor Cosl-------:------—-7--;--.--—;~f ------- — 7-3
Antiquitics Types and Numbers --------------x--- S R SR — 7-5
As-Samra Pond System Loading (1986-1991) -----noev ereecmneeaa memmoessnenias 7-7
Planning of As-Samra Treatmient Plant -------coe-osoooseee it 7-8

Recycle Ration of Wastewater -----------creremreeacccccionens TR — 7-9

i



1.1

2.1
2.2
2.3

2.4

3.1

33
3.4

4.1
4.2
4.3
4.4

- 5.1

52
53

6.1
6.2
6.3
6.4
6.5
6.6

7.1

1.2
13
7.4

1.5
7.6

List of Figures

<Long Terin Development Plan>

Location Map of StUdY ARG ----=--==ms=nmmmeerrim oo 1-2

Topography-—-f--'- ———————— — ----- Smmemessssemeeessoeemstasaseeeooosoooooeeoooo o 2-15
Administrative Boundary in the Study N U SO --2-16
" Population Density iti 1994 --=-cvremormmmeeeeeees T a8 I}
* Present Land Use, Study Afea---------x-=-zsssemrmmmmmmsmssmmmessmmsoo oo 2-18
Water R2ONING ANCa ---c-vsmmrmemmammn oo S — 3-6
Major Complaints by Subsciibers--------------omomsessmmmrmarenio oo 3.7
TDS & Hardness of the Tapped Water SO S
Major Facilities in Zarqa GOVernorate ------------=--s-ssemarmomonmmmos oo oo 4-25
MajOr FACililies --<---snrsmresmrmnrmmmrmmemmmemmemomomesnsssmsno s 4226
SyStem FIOW CHALte----sxceesmramsemsmaseesmmammn s e 4-27
UBW SUIVEY ALCA =nnnnmnmmmmmmmmmm oo oottt 4-28
Organization Chart of WAJ Headquarters--:-------- B RIS 5-19
Organization Chart Of WAY ZArga«-----s-s-r-crssscacrscmracasscasarmmsioms o ssenee 520
Process of Bill Collection -------«-<sxsrsceeemmmmra- S R X3
Development Scenario for the SIdy Area------rmeemmmmeerommmee oo S— N |
Future Land Use, Stady ATea, 2015 ---nreosseeemmomomesesssmss oo oo 6-14
Present & Projected POPUIAtIOn. ----+-+-smrcemrommromec e 6-15
Population Density Map 2015 - -oxeoomormomemmmrmss oo 6-16
Water FIOW, 2005 ---------==ss-=mmrmsmreemraaanmmnsomem e mm oo oo st 6-17
Water Flow, 2015-------coroeconeee e e 6-18
RENADIAUON ARGA --=rersemreresmrmmmsmrmememmasssansseescecrm e s memem e e oo oen 7-21
Base Ling--------- oL CoLCCatneen e oo 7-22
Cross Section (1) & (2)-<---<--srsereaemear=- e e JE—— 7-23
ZORRE MAp -<-=n2mamsmssnssamamnemannees SO U S CUROR X, 1
Transmission System --------- memeseeteenas wremsememeeeeeens R Rl L4 1
Implementation Schedule--------ccxsmmvmmnmonnnans e R SRR 7-27

vit :



8.1
8.2

Znvironmental Examination Matrix ----- e ne oot e e e s e s m s meas 85
Main Anliquitics Distribution in Zarqa District- -« c--ocememeamammeeenons et B

<Feasibility Study>

2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
2.10
211
2.12
2.13
2.14
215
2.16
2.17
2.18
2.19
2.20
2.21
2.22

3
3.2

4.1
4.2

3.1

Transmission and Distribution Main T e e e e 2-14
'Khaw and Batrawi PS «----e-seeeinemsemoosiaione oo S ———— 2 |1
"Awajan and Res7S50 PS:--verevemmee i S eeeene2-16
Line Survey ----—--— ------------------------------- 2-17
'Topographic Survey ----- -.----.--.i-._-_--______-_______----___-----__-_----___-___;_-,----;--2_!g
New Khaw Puimp Station ---«--«-essesscemcesmme oo N X 1
AWajan 21 P8 reeee e Ty 221
Batcawi Res T-650 and High Zone Pump Station---«-s-----s----e-es-eemmemereeemeeeeces 2-22
Zarqa High Zone Service Reservoir (New Batrawi T-716) --<----=--z--cezeemmnzeaanae- 2-23
Awajan Righ Zone Service Rescirvoir (T- 695) -------------------------------------------- 2-24
Awajan T-635 SErvice RESCIVOIr---s«sanssssssrnsassosamaiommeemcme e oo semameeas 2-25
Rusaifa High Zone Service Reservoir (T-810) --memmeme e e 2-26
Ruisaifa Low Zone Service Rescrvoir and Pump Station ~-------=~«-s-smswmeeeeeeenee 2-27
Hashemeyeh Service Reservoir---------omremermmmmee oo B 2-28
Sukhina Service ReServoir------------tx-xezesassiomieroaono i -2-29 .
Longitudinal Section Khaw PS - Batcawi Res T-650 -+ --+-s-—-oreeve et 2-30
Longitudinal Section Batrawi PS - Res T-715------------- S S 2-31
Longitudinal Section Batrawi Res T-650 - Hashemeyeh T-600 -« evvevmeeea . 2-32
Longitudinal Section Batrawi Res T-650 - Sukhna Res &-580-----rwrersmeenseesoaee 2233
Longitudinal Section Khaw PS to Awajan PS8 --c e 2-34
Longitudinal Section Awajan 2IPS - Awajan Res g ) S 2-35
Longitudinal Section Awajan Ps - Res 750 & T-810 «--rxvsceecteocrmocmeeeeeac 236
Project Implementing Organizali'on----_ ------------------------------------- S 3-7
District Mcicring AR Rt 3-8
Summary of Project Costs for $1age 1-------=--==---eeezzscoee SR R ——— 4-2
Project Cost for Stage 1 «--wiommv oo e '~-~—----------f-—;-—:-~-.-.----¢j1-3 |
Implementation Schedule «----cervmrasenseanana S ----- ceie§ed

viii
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AC advisory commilice

AW Accounted-for water

" inch = 25.4 mm

BIIN basic human needs

BS British Standard

CDWM combinied district and wasle metering method
CIp cast iron pipe

cu.m cubic meters

d day

dB  desibell

DIP * ductile iron pipe

DG director general

donum 1,000 m2

EEM cavironmental examination matrix
EIA coviromental impact assessment
EIRR economic intennal rate of return
EL elevation

FIRR fmancial intemal rate of retom

ft foot = 30.5 cm

GDP grdss domestic product

GL - ground level above mean sca fevel
GNP gross national product

GSP galvanized steel pipe

ha hectare = 10,000 m2

HP or hp horse power = 0.746 kw

hr hour

IEE initial environmental examinalion
IRR intemal rate of retum

ISO International Standards Organization
D Jordan Dinar -

JICA -Japan International Cooperation Agency
JICAEG JICA:s environmental guidelines
H Japan Industrial Standard
JTU Jackson Turbidlty Unlt
km2 - square kilometer

- KWorkw  kilowatl
~Iped titer per capita per day
s fump sum
m meter
MCM million cubic melers
Canln ~milnute
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'The goals of the study arc to 1) formulate a long-tern development plari of the water supply

system in Zarga District with a time horizon of 2015 and 2) carry out a feasibility study of the
Stage 1 project identified in the long-term devélopment plan.

As defined in the Scope of Work, the Study Arca (Sce Fig.- 1.1) is Zarqa District which

COVErs: l) Zarqa i:iilnicipality including New Zarqa and Awajan, 2) Rusaifa municipality; 3) 4

Shennuler Refuges Camp, 4) Hashenteyeh miunicipality and 5) Sukhoa municipality. The

existing water sources, transmission lincs and pumping stations which feed the area are also

- considercd as parts of the Study Area.

This Report prepared by the JICA Study Team compiles results of surveys and analyses carried
out from Novernber, 1994 to March, 1996. We describe the long-term development plan based
on the latesl data and information collected during the study. The surveys and analyses
included “household survey" and “factory survey" on present water use, “pipe detection and
spot check survey" for preparation of system layout, "water sampling and tesling”,

~ “unaccounted-for waler survey”, "flow meter calibration”, "hydraulic network analysis”, ctc.

Following the long-term development plan, the feasibility study was carried out for the projects
that were identified in the first stage plan.

The Repoit consists of three separately compiled volumes: Main Reporl, Suppotting Report and
Data. The Main Report, does not necessarily present in detail the methodology and results of
the various surveys and analyses carried out.  For more detail, reference can be made to the
relevant chapters and sections of the Supporting Report.



250 N 258

N ___' . ! ., “
4] Sukhna Refugés Camp

e

- .Bmma
gL :'iﬂj _’- : J

Te Beireln

S

170

165

===== | Road
250 255 | S=== :River
: Refugee Camp
THE]MPRO\'EMEN%%E‘%IIPB[_)\‘{'?‘?ERSUPPLY SYSTEM  Fig.- 1.1
FOR THE ZARQADISTRICT LOCATION MAP
JAPAN INYTERNATIONAL COOPERATION AGENCY OF STUDY AREA



t
5

i:l fashemey

ama

Yo Beirein
165
- 160
legend ——— -
manen  Municipal Boundary
=== Road
245 250 25| === . River
1 Refugee Camp
THESTUDY OX

THE IMPROYEMENT OF THE WATER SUPPLY SYSTEM
FOR-THE ZARQA DISTRICT :

JAPAN INTERNATIONAL COOPERATION AGENCY

Fig- 1.1

LOCATION MAP
OF STUDY AREA

£

£



Il. STUDY AREA



o




. Chapter 2/MP
I THE STUDY AREA

This chapter describes general features of the Study Area including natural, socio-cconomic and
public héalth conditions. Various data and slatistics for the Study Area were not readily at hand
though ¢fforts were made to collect them during the study period. In cases where the data was
not available, we have used similar data from Zarqa Governorate. This assumption is
reasonable since in 1994 the population in the Study Area represented 86 % of the total

population in the Governorate.

21  NATURAL CONDITIONS
2.4.1 Topography

Zarqa District, one of the fastcsl growing regions in Jordan, is sitvated 35km northeast of

:capzhl Amman. Zarqa district is ‘concentrated around - the Zarqa river which runs east lhrough

Rusaifa then turns north with Zarqa on its eastern side. Through Rusaifa the elevation of the
river is around 650 m AND (above national datum) with propertics on the north and south sides
having ground clevations rising to 815 m AND and 776 m AND respectively, As the river runs
north it drops to 525 m AND while central Zarqa rises to over 625 m AND to the east (Sec
Fig.- 2.1).

The area is (ransitional with several ridges extending from’ the southwest to northeast.
Shennuler stands on the southern hills. Rusaifa municipatity spreads over the lower flats and

'h'ighcr hills that surround Shennuler and - the Zarga Riv_ér. Hashemeych and Sukhna

municipalities arc on the northern lower flat. Between these municipalitics, Zarga municipality
extends on the right bank of the Zarga River.

- 2.1.2 Climate

Located at the western fringes of the ipland desert; the Study Area is characterized by an arid
climate lhrou'ghmil the yeaf. The ani_mal rainfall ranges from 160 mm to'310 mm and virtually
all of the rainfall is between the months of October and April. The coldest and holtest months
in the Study Area arc January and August respectively with the recorded temperature extending

~from 2.5Cto 39C. The mean annual tempemlure is 17°C. - The average annual relative

'- humldlly is a'very low 51 %.
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2.1.3 Geology and Soll

" The entire Study Arca is underlain by a series of caldarcous marine sedimeits. OF these -

scdiments, only three l"ormahons are important to this study: B1-2 (Aminan), A7 (Wadi Sir),
and A4 (Hummar).

The B1-2 and A7 uaits form an unconfined upper aquifer within the Study Arca. The B1-2 unit
overties the A7 and consists of clialk, marl, limestone, chert, and phosphate beds that fange
from 80 to 115 m in thickness. The cherty portions of the formation are typically folded and are
commonly found in the Study Area, especially in the vicinity of Zaiqa, '

The A7 unit forms !hc,bc_tsc of the upper aquifer and consists of 100 m of white o light grey
limestone that is occasionally chalky and marly. This unit is cavernous and forms an excellent
aquifer. Outcrops of the A7 formation are common nosthwest of the Study Area. '

The A4 unil forms the tower confined aquifer and is separated from the upper aquifer (A7) by
75 to 100 m of massive limestone. The Ad unit mainly consists of 40 - 60 m of crysfalline,
dolomitic limestone that is occasionally highly fractured. 1t gradually thins out and becomes
increasingly mnrly towards Zarqa which dcurcascs ils water bemng properiies, Quicrops of the
A4 formation occur northwest of Zarq*t al Sukhna and Nlllll“l

In addition to these older sediments, recent alluvial deposits cover much of the Stud)} Arca near
the Zarqa River and related side wadis. The composilion and depth of the deposits vary

considerably, but 30 to 50 m of material can occur in the area from Zari;a to Sukhna. Alluvial -

deposits are known to provide for surface flow of the Zarga River during summer months
when the river becomes dry.

The domvinant geological structure in the area is the Ammam-Zarga synélinc,' which begins

southwest of Amman and plunges northeastward to Zarga. The syncling is responéiblc for the

marked topographic relief 1o the northwest and southeast of the Zarqa River where slopes of 20

to 30 pereent are common. In addition, the syncline has an important effect on groundwater

flow as it controls the direction of flow from west to east. With the e:xcep:lion of the B1-2 unit,

all formations arc parallel to the syncline. The s!opc oflhc norlhwcsl Tlimb has an mcrage grade
of 3 1o § percent, while the southeast imb has slopes 0§ 2010 40 percent.

Associated with the synclinc is the Amian-Zarqa flexure, which is a transilion zotic between’

“the syncline and anticline. The flexure occurs southeast of the Zarga River in associalion With a
system of faults, and serves as the southeast boundary of both aquifers. Folding and faulting
activitics within this arca have created a zone that is more pesmeable than other bediock areas.
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‘Soils in 'th'c':St'udy Acca are mainly Yellow Mediterrancan (YM) and Red Mediterranean (RM),

The YM soils are exténsive throughoul the area from Amman to Zarga. Thie RM soils are occur

at the extremie western boundary of the Study Acea and contintie westward to the Jordan River,

To the east of Zarqa, soils are classified as gréy desert soils which are infertile and contain high

congenlrations of salts. The YM and RM soils have a high corrosion potential for uncoated steet

because of salt accumulations theoughout the profile.

The densely developed hillsides have very shallow soils, and as a resull, many wastewater

dis‘pcjsal sySiclns_ are” consfricted - with - litile 'or no sub-drainage beneath the disposal area.

Consequently, wastewater leaches “into the groundwater without adequate - treatment and

contaminates the upper aquifer.

Geological Succession

PERIOD

GROUP

EPQCH FORMATICN _SYMBOL . LITHOLOGY
Quatemary Holocene fan, taIﬁs, sand, clay, gravel

(Recent) {errace, river

Pleistocene liéan marl, clay, gypsumn, sand, gravel
Tertiary Pl'iocéne_ Jordan T

Miocene Valley b undiffereatiatéd | ] conglomerate, nmiarl

Oligocene -

Focene

Palcocene
Upper Macstrichtion * | Belga .
Cretaceous Car'npanion Amm'm - B siticified limestone, chert

| | Saﬁtonian Wad1 Ghudmn " Bi '. chalk, chalky marl .‘
Tutonian WadtSlr pE= A’l = limf_‘:s:lor'!e
Cenoranian . Shueib A56 — marly limestone
[ Aun [Tiammar A9 [ Timestone
Fuheis e Al marl

. _ Naur Al-2 marl, limestone _
Low& Alblan _ white sandstone with ]
Cretai:eo:us: Aptfan Kurnub K dolomite and shale; variclored

'Neo'c_o_mian E | sandstone with limestone, shale,

dolomite and marl
Jurassic - Azab z2 limestone, marl, dolomite,
Tanp sandstone, shale

Teiassic T hiajn _ YAl sandstone, calcareous sandstone,

limestone, shate, gypsum
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2.1.4 Water Resources

Water resources and their limited availability arc'a major concern it only in the Study Area but
also throughout Jordan, This concern can be largely atiributed to several factors affecting the

“area's waler resources, As mientioned before, the area is characterized by a dry arid clinnte,
Rainfall is concentrated in the winter months, willy the sunitiier months generatly receiving no
rainfall. In addition, wide ﬂu'cmmion_s in annual rainfall make water planning efforts very
difficult. Intermiitent stecams, known as wadis, arc common in the Study Area and constitute
the liiajér pottion of the surface waler system. These streams dry up during the summer months
and during this period surface water is unavailable {o the area. Thé primary water sotrce for the
Study Arca is, thérefore, groundwater. S

(1) Zarga River

The Zarqa River and its tributaries comprise the only significant runining water environment. in
the area.  This river is the second largest river in Jordan. Total catchment area of lhis river is
4,025 kinz2 with 650 km2 at the north of old Zarqa ¢ity. The Zarga River originales at Jabal
“Durz, just west of Amman and flows nostheast to Zarga. From Zarqa, the river changes course
and flows north to Sukhna, where it is met by Wadi Dhuleil, a major ributary.  Turning
_.wcslward the river continues until it flows into the King Tatal Dam. It has an average annual
total flow of 62.4 MCM (Million Cubic Meters) per year, including about 50 MCM of treated
“waslewater discharged to Wadi Dhuleil from As-Samra wastewater treatmeiit plant, - Except for
this waste water discharge, it has virtually zero natural flow for cight to nine months annually.

Enhancement of monitoring and control of the wastewater launched in 1992 by the Government
has significantly decreased untreated wastewater cffluents from the industrial factorics. -
However, evidences show that some industries are still discharging nitrogen compounds,

oxygen demanding substances and a variely of inorganic compounds, including heavy metals.
Agricultural yunoff from irrigation also contributes phosphorus and nitrogen compounds and
pesticides.

(2) Groundwater

Zarqa Governorate depends totally on groundwater to mcet its water demands, This water is

abstracted from “Amman-Zarqa” and “Azraq” basins which are’ considered as the major
- productive groundwater basins in Jordan. - :
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(2)-1 Amman-Zarga basin’

The Aminzin-zirqh basin has an area of 3,900 km2. Groundwater in the Zarga-Ruscifa area
belongs to the Amman-Zarga basin; The shallow, upper aquifer is unconfined and as such, the
water level is free to rise and fall in response to seasonal fluctuations. The lower aquifer is
separated fromthe vpper aquifer by a layer of massive limestone. This is a'confined condition
in which the water level fluctuates in resporise to piczometric Pressurcs.

Recharge sources to this basin are natural and artificial. Natural recharge souirces include the
tateral flow of groundwater froin the western highlands, percolation of sutface and rain water.

Return flow of domestic water through leakage from the water supply systein forms a ron-
negligible part of recharge to (his basin as an artificial source where it was cstimated by WAJ
Tean-1989 to be about 10 MCM. Direct infiltration theoughout the Zarqa-Ruseifa région takes
place where outcrops of the B{-2 and A7 formations commonly occur.

Large volumes of waler reach the upper aquifer by indirect infiftration through alluvial deposits
of the Zarqa River and associated side wadis. Unlike the upper aquifer, recharge of the Ad
formation occurs mainly by direct infiltration in the outcrop areas. Outcrops of the A4 formation

" northwest of Amman are the major recharge zoies for the tower aquifer.

Major abstraction in this basin occurs from the upper and middle aquifer systemns. There are a
total of 670 active groundwater wells within this basin.

Total recharge to this basin is 88 MCM according to the recent study by Salameh, et al. in
1993, While the total cdnsump’lio'n fmni this basin is 190 MCM, according to WAJ annual
report- 1993, which is divided into:

- 65 MCM for domestic use

-118 MCM for agrcullural use

- 7 MCM for industrial usc

This consumption is equal to about 216% of the total recharge 1o the basin, resulting in a high

“depletion rate fb_r the basin.

The depth of wells v?\ribs c_onside_rab!y from the shallow, hand-dug wells along the Zarga River

to welts deeper than 200 meters which withdraw water from the lower aquifer.

Chemical analysis of well water during 1976 noted significant increases in total dissolved solids
(TDS), chlorides and nitrates compared to eartier tests, These parneters usually indicate the
intrusion of domestic sewage contamination. The upper aquifer wells in the Zarga-Sukhna arca

9. %
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sampled during 1976 had average nitrale concentrations of 36.6 mg/l, chlorides of 187 mg/,
- and TDS of 790 mg/l. ' :

(2)-2 Azraqbasin.

The area of this basin is 12,710 kin2. Recharge sources for this basin include the lateral flow of
ground and surface water from the Syrian mountains. The total number of active groungwater
wells within this basin is 583. '

- Water conéufnption in this basin is concentrated on the upper a-quiil'c'r system. Recharge (o this
basin is about 25 MCM while the total abstraction is about $1 MCM (WAJ annual report-1993)
~ divided as follows: |

- 25 MCM for domestic use pumped o Anman and Zarqa arcas. -
~- 25 MCM for agricultural use
- 0.2 MCM for industrial use

Total consumption equals about 202% of the total recharge. A significant amount of this water
is puniped into Amman and Mafraq Governorates. o

2.2 SOC]O-ECONOM!C CONDITIONS
2.2.4 National Economy

The gross domestic product (GDP) of Jordan was 1D 3,882 million in 1993 at cuirent price and
the per-capita income is estimated at about JD 970 (US$1,385). From 1973 to 1984 Jordan
enjoyed unprecedented cconomnic growth. The GDP grew at 11,1 % p.a. during 1973 - 1979
and 9.9 % during 1930 - 1985. However, arecession occurred from 1985 to 1989, The GDP
decréased al an average rate of -1.2 % p.a. during that period.  Economic recovery began in
1990 and economiic growth to date has been relatively steady. The average GDP growth rate
was 6.0 % during the period of 1989 - 1993). Past GDP (rends zim'pri:senfed in Appendix B,

The economic structure of Jordan is explained by the sector share of GDP as prcsehlcd'bclow.

T
¥,

fﬁx
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Sector Share of GDP (1993)

. Scétor : - ODP(%)
Agriculture and Forestry ' 103 %
Mining and Quarrying ' 4.1 %
Manufacturing _ 17.0 %
Construction *t o 12.2 %
Whotesale, Retail, Hotel and Restaurant 11.8 %
.Transporil, Storage and Communication *2 222 %
Finance and Real Estate : 224 %
Total - | 100.0 %

Source: Deparlmerit of Statistics
*Lincludes clectricity and water
*2 inclides social service.

As indicated above, the manufacturing seetor has a relatively small share of 17 %. The sector
share of secondary industries including manufacturing and construction accounts for less than

" 30 %, while that of the services séctors accounts for 56 %.

In 1993 totat exporls including rc-exports weie JD 865 million, while total imports were JD
2,414 million. The resulting trade balance was JD -1,589 million. During the past decade
(1983 - 1993) exports increased at the high growth ratc of 15.6 % p.a., while imports grew at
the moderate tate of 8.3 % p.a. However, the basic nature of this trade balance has not
changed and the imbalance has increased year by year. This trade imbalance is being offset by
a non-trade balance and foreign assistance. (Historical trends for éxports-and imports are
prescnted in Appendix B).

In 1993, the Jordan government had a revenue of JD 1,368 miilion.' Expéndilurcs wcré jD
1,341 million and the resulting budget surplus was ID 27 million. In 1993, about }JD 574

- million was allocated for capital expenditure which is cquivalent to 14.8 % of GDP.

During lh:c'ﬁcriod of 1988 - 1991 consumer prices increased at the high rate of 16.4 % pa on

average. ‘After 1991, consumer price increases leveled off to (4.4 % p.a. during 1991 - 1993)
This trend continues to date_. The currcnby exchange rate has been relatively stable at around
US$ = JD 0.6 during the past 5 years.

A National' Economic Development Plan was prepafcd for the period of 1993 - 1997 by the
Ministry of Planning. ' ' '

- The targets sct out in the 5-year plan are as follows:
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(1) GDP (1991 constant price) will increase from' JI 3,452 million in 1992 to JD
4,147 million in 1997 at an average g'row!h rate of 6 % p.a.
(2)  Population will increase at 3.2 % during the plan period and (he per-capita GDP
(1991 constant price) will increase at an average growth rate of 2.7 %.
(3) tnflation rate will be controlled at4 - § % p.a. during the plan pcribd fo correct
structural imbatances and to achieve fiscal and monelary stability.
(4 Unemployment rate will be to feduce to 9.6 % in 1997 (froin the current 18 %)

2.2.2 ' Administrative Bo‘unclary and Popuiation

Zarqa Governorate, located in (he northern rbgion of the country, is one of the eight
governorates in Jordan, Zarqa Governorate consists of one district called the Zarqa district and
two nahias, naimely the Azraq nahin and the Birain nahia. Zarga district is further divided into
cight municipalities and other localities, while the Azraq nahia and the Birain nahia are divided
into several municipalities.

The total area of the Zarga Governorate is about 5,201 k2, which is equivalent to 6 % of the
countiy's total (89,000 km?).

The Study Area is located in Zarqa district and includes lﬁl\ﬂ)’ urban areas such as (he
municipalities of Zarga, Rusaifa, Hashemeyeh, Sukhna and the Shennuler refugee camp. The
Study Area covers 90.5 km?2 or about 1.7 % of Zarqa Governorate.

“The administrative boundary for ¢ach municipality in the Study Area was obtained from each

municipality and is presented in Fig. 2. 2.

- According to the National Population and Housing Census conducted in 1994 by the

Department of Statistics, the total population of the Zarqa Governorate was 623,943, which is-

equivalent to 14.8 % of the national population. From 1979 to 1994, the poputation of Zarga

‘Govemorate inicreased at an annuat growth rate of 4.3 %. The poputation of the Study Area-

was 534,674 in 1994 and grew at an avesage 3.9 % per year during 1979 - 1994, ‘which
indicates refatively lower growth for the same period in the Governoratc‘_ '

Populmlon density of the Study Are in 1994 is prnsenlui in Fig. 2.3 Thc area and population
for the mumumlmcs of the Zarga Governorate and the Study Area for 1979 and 1994 we
presented in the following table. :
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Area and Population

o -~ Area _ , Average

Study Area - (km2) 1979 1994 Growth Rate
| : (%)
Zarga Municipality *} 58.9 219344 344,524 3.06
~ Sukhna Municipality 5.6 4,390 9,764 5.47
* Hashemeych Municipality 6.2 4,148 13,038 7.93
Ru‘saiﬁ'Municipa]ity 189 49,885 ‘131,130 6.65
Schnneler Camp 09 23261 36,218 3.00
Study Area Total | 905 301,028 534,674 3.90
Othet Areas ~ 51105 32,032 89,269 7.07
Total Zarga Governor 5,201 333,060 623,943 4.27

Source: Department of Statistics -
*1 Inclides new Zarga and Awajan
*2 High increase rate during 1979 - 1994 is du¢ to the returnees (rom the Gulf countrics.

2.2.3 Regional Socio-economy

Located at about 20 km (by road) north cast of Amman, Zarqa is the thi'r(l'largés{ Governorate

~ in Jordan. Rapid population growth has occurred due to the influx of refugces from Palestine

(particularly after 1948 and 1967) and migration from rural arcas (since the military base was
established). The most recent increase of the population occurred when Jordanians returned
from neighboring Arabic Countries after the Gulf War. (1990 - 1991). The south part of Zarga
has been developed as an industrial city and atlracted factory laborers from rural areas,

As indicated by historical dcveiopmem the study Arca has becn growing as the main industrial

" and urban area in Jordan. About 45 major factories in Rusmfa and Zarga nuuucnpﬂnhes are

operatinig, which include mining, dairy products, paper, iron and steel product, ceratnic,
brewerics and distifleries.  In Hashmeyeh two of the nation’s key industrial plants are
operating, namely, a petrolenm refinery plant and a thermal power plant. Names of the major
factories and their water consumption are presented in Appendix B.

“ Though agriculture is not a predominant sector in the Study Area, the area along the Zarga river

is being used mainly for vegetable production. -Animal husbandry including chicken farming is

 also practiced in the suburban arca.

There are no avaitable stafistics regaraing rcgional production in Zarqa Governorate. But the
Regionat Gross Domestic Product (RGDP) is roughly estimated at around JD 590 million in
1993 based on the poputation statisiics.
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The average numiber of persons per family houschold is 7.1 in Zarqa, Based on th_c population
of 534,674, about 75,300 houscholds Tive in the Study Atea.

Though detailed information on the economic activity of houscholds in Zarqa or ihc'Sl'udy area
are not available, about 25 % of the residents arc considered to be involved in industrial and
conslruction sectors, while abowt 70 % in the service sectors. The agriculture sector einploys a
very limited percentage of the residents, ' |

The average houschold fncc’mﬁe in 1992 was J D 4,003 per year in Zarqa Goverriorate, which is

relatively lower then the Jordanitan average of (J 4,607). Based on the average family sizé of

7.1 persons per houschold, the per-capita inconie is estimaled at JD 559 in Zarqa.

Distribution of houschold income is presented below

Income Distribution in Za‘r’qai.lbrd'ah

Income Range (D) Zaiga Jordan
1< 1,200 5.6 % 7.6 %
1,200 < < 2,400 28.4 % 27.1 %
2,400 < 1< 3,600 25.8 % 22.6%

13,600 <1< 4,800 16.1 % 14.6 %
4,800< 1< 6,000 10.2 % 9.8 %
6,000 < <7,200 S0% 58%
1> 7,200 - - 89% 12.5 %
“Total 1000% - 1000%

Source: Household Expenditure and Income Survey, 1992

As indicated in the above, about 50 % of the houscholds get annual income ranging JD 1,200 -
© 3,600 both in Zarqa and Jordan (this figures roughly coincide with the results of our houschold
sarvey). Only 6 - 7 % of the houschold have an income less than JD 1,200 and 9 - 12 %. have
incomes higher than JD 7,200. According to the household survey conduéted by the JICA
Team, household incomes in Zarga nmnicipﬁ]ity are larger than those of Rusaifa municipality,

‘fotal household jcctxpc'ndilulre.s are estimated at JD 4,197 per year on an average in Zarga
Governorate. (household expeiiditutes in Jordan total JD 4,562 on average). Out of the total
expenditure, about 38 % is allocated for food and beverages, 23 9% for housing and 11 % for

wansporlation. The amount allocated for fucl, clectricity and water is only JD 200 (JD
16.’Hmomlv'h) or 5 % of the total expenditure.

2- 10
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2.3 - PUBLIC HEALTH AND HYGIENE

The study arca is generally well serviced by infrastrecture for public hygiene. About 99 % of
the houscholds are serviced by -WAJ domestic water supply system. (According to the
household survey conducted by us in Decemnber 1994, 96 % of the houscholds use WAJ pipe
system, 3 % use WAJ water tanks and 1 % use wells). However, water rationing is required
in sotne areas, particulatly, during the summer scason. The installation of soof tank/ground
reservoir and purchasing domistic water from private walet tankers is common practice. Public

health is being affected by déteriorating water quality caused by waste water intrusion into the

wells.

In Zarqa Governorate, about 58 % of the residents are connected 1o the public se\verage system
and the remaining 42% use cess pools. This is a relatively high installation ratio compared to
other develdping countries. However, waste water volumes exceed the capacity of the
treatment plant installed at As Samura by more than wice, which resuils in - discharging
partially-treated water into rivers which deteriorates the living environment in Zarqa. Scwerage
efflient is also used for agricultural irrigation which and has contributed the deterioration of
public health and hygiene.

Other unfavorable public hygicne & health aspects in the Study Area are rapid urbanization and -
industrialization. Increased traffic and discharges from major factorics installed along Ruscifa - |
Zarqa municipalitics cause air’ pollution and water contamination, According to our factory
survey, some factories are dumping industrial wastes and sludge into the public sewer lines or
direcily into Zarqa river without proper treatment,

All the wastes from factories and households in the Study Area are collected by trucks and
dumped at the designated disposal site for land reclamation located in Rusaifa, a few hundred
meters east from the Zarga - Amman Highway.

The land near the boundary of Rusaifa and Amman is allocated for liquid waste disposal. The |
liquid waste is collécted by tankers with a capacity of 10m3 and dumped into’a waste water
pond for evaporation. However, contaminated watcr from the pond is occasionally flushed out
into the tributary of the Zarqa river during the winter season.

In Zarga Governorate there are one governmental hospital (and one more under constriction),

' six private hospitals and onc army hospital. In addition, there are two comprehensive health

centers being operaled under which about 15 secondary health centers are cstablished. * There
exist 22 mother and child centers and 14 dental clinics. :
The do‘clbr"topo'pu_lalim:i ratio in Zarga is 1/1500 and the bed to population ratio is 1/976. The

S 2. 1L
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: ab(wc figures indlcalc that the hcallh care services in Zarga Governotalé are equa! or slightly

~ better than the nahonal average.

Though the living cn'viro:nmcm has not been improved so much in total, statistics shown in the

foltowing table indicate that the number of patients suffering from typical waler-borne dlseascs
in Zarga Govemoratc has decreased

" No. ol' Registered Patlents of Watérborne Dlseascs

Averagc No. of Paticnis Average No of Patlcms

Namc'ofDisca:ses . ‘ (1978 - 1979) (1991 - 1993)
Typhoid ' 44 4
Para/Typhoid - 14 2
Infectious Hepatilis ;o : 3] . 94

_ 7

Dyscitery |

- Source: Zama Governorale

Enteritis and dlarrhea are thc most commeonly reportcd water borne dlseases in Zarqa In 1993,
11,030 peisons were reportedly infected by diarrhea and 402 persons were hospitalized.

2.4 URBAN DEVELOPMENT AND LAND USE
2.41 Present Urban Development

The present urban development in the Study Area can be grouped'into the following three
~ different development categories:

~ Residential development

Considering the rapid urbanization observed in the Study Area, the most important factor is
- residential development. Residential development started from the core of the mﬁnicipalilies
such as Zarqa city and Rusaifa as well as Hashemeyeh and Sukhra. The development area has
been expanding in the west to south direction from the core. New housing development is
* underway in Awajan, north of Zarqa and north Hashemeyeh, At present, there are ten on-going
public housing projects in the Study Area, providing 5,307 plots / buildings for the estimated
served population of §2,080.

The Study - Area has been recognized as - the most mdustnahzed area in Jordan; and major .

induslrial establishiments such as a petroleum refinery plant and a therinal electricity _p_ow_e_r plant
are concentrated around this area. In addition, most major industrial establishments are located
in the Study Area, particularly along the Zarqa-Rusaifa corridor. from the south of Zarqa to the

2. 12
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cast of Rusaifa. Recently, ‘government “agencies have been  directing new  industrial
cstablishments to locate on upland areas to the south of Zarqa to facilitate access from the

- Amman-Zarga highway.

Refugee camp development
Three Palestinian refugee camps are tocated in the Study Area, namely, the Shennuler camp, the
Zarqa camp, and the Sukhria camp, each of which was established in 1968, 1948, and 1968,
respectively. Poputation in the camps, except Shennuler camp, scem to have already reached -

saturation levels,
2.4.2 Present Land Use

On the basis of available aerial photographs, results of field surveys and the preliminary resulls
of the Greater Zarga Comprehensive Development Plan, present land use in the Study Area was
prepared by the JICA Study Team as presented in Fig.2.4. A bricf description of the present

land use is as follows:

The composition of tand use in the Study Area is presented below.

Present Land Use

Major Land Use Land Area

_ : (km?2) (%)
Residential 29.0 32.0
Mixed 11.2 12.4
Industrial 7.2 - 8.0
Agricultural 3.7 4.1
Public 1.9 2.1
Open Space 1.4 1.5
Refugee Camnp 0.8 0.9
Vacant Land 353 39.0
Total 80.5 100.0

The characteristics of land use in the Sludy Area are as follows:

n The stecpest land located to the west of the Sludy:Arca is vacant, It dominates land use
and represents 39% (35.3 ha) of the total land arca.

(2)  ‘The residential area extends lowards the north and southwest directions from Zzrqa city.

Itis the second largest land use and. _

(3)  ‘The mixed area, which is defined as high density residential mixed with commercial
represents 12% of the total land area. ‘This atea is located mainly in Zarqa and Rusaifa
al'ong the highway. _ _ ' '

(4)  ‘The industrial area is relatively large and represents 8% of the total land aréa. This arca

2-13
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Chépter UMP
is located to the southeast of Zarqa, west of Rusaifa and south of Hashemeyeh.
The agricullural area is relatively small and represents 4% of the total land arca. It

cxtends along the Zarqariver. . _ _
The remaining arca is divided by public and open space (bus stop, park, etc.) land uses

and refugee camps which account for about 5% in total.

2- 14
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Chapter 3/MP

M.  PRESENT WATER USE -

31 SERVICE AREA AND POPULATION SERVED

" The service arca is the smne as the Study Arca previously defined. The service area has

expanded at a rapid pace trying to keep up to numicipal development. The following table
shows the increasing numbet of subscribers in WAJ Zarga over the past 6 years.

* Numbers of Subscribers (WAJ Zirqa)

~Year ' Nos. of Subscribers
1989 60,262
1990 164,102
1991 65,061
+ 1992 C 69,203
1993 C. 73,392
1994 ' 74,564

Source: WAJ Zarda

The number of subscribers in Zarga Govemorate reached 14% of the total number of
subscribers in the country at present.

In Zarqa Governorate the number of subscribers registered - in November 1994 was 74,564,
Excluding Azraq and other suburban areas, it is asswined that around 63,900 subscribers or
532,000 people are served in the study area.  The service ratio in the study area is estimated at
99% in 1994. - This high percenlage can be expléined by the hydrogeological features and

historical urban development of the arca. ‘There are no major water sources other than deep

well groundwaler. Neither perennial river flow nor shallow well potable groundwaler are
available due to the semi-arid climate and the decreasing groundwaler levels in Zarqa and
Amman area.

‘People who are not scrved by the pu__blic water Supp_ly system or people who do not receive

sufﬁcien(_ waler are ()bljgcd to buy water [rom tanker trucks. There are 18 private wells in
Zarqa querﬁoralc, 9 in Awajan, 2 in Hashemeych, 4 in Hallabat and 3 in Aziaq as seen in
table which follows.
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Number of Private Wells and Waléi‘Su’ppli‘ed -

(Zarga Goveriorate)

Area ~ Nos. af Wells o Wat;t_:r Stpplicd (m¥/day)
Awajan 9 5,350 - 5,600
Hashemeyeh _ 2 950
Hallabat 4 S - 1,624
Awag : -3 : 1,660
Total i8 -9,734 - 9,880

Source: WAJ Zarnga, 1994

~ These wells producod approximately 10, 000 nﬂfd'ty in total in 1994 or 13 % of the (otal
supplied by WAJ Zarga.

Most of the groundwater extracted from the private wells is sold to tank lorry owners in Zarqa,
Rusaifa, Azrag, Amman, Trbid and Mafraq. The tank lorries convey and sell water to the public

and small- and medivmesized factories who face critical waler shortage. Information obtained -
from WAJ officials indicates not less than 200 such ‘privately owned tankers, in Zarqa -

Governorate.

“In addition, there are several irrigation wells 'along the banks of the Zatqa River which runs

northward along the Zarga - Sukhna road. Groundwater from these wells is su‘pplied to the

- farm fand stretchinlg along the Zafqa River. Although exact numbers were not confirined, the
population seeved by these wells is small, ' '

From the above information and the results of the houschold survey, the population not served
by WAJis assumicd to be around 2,000 in the Study Arcain 1994,

3.2 WATER SERVICE LEVEL

Water supply is not continuous and a rationing program is often lmplcmentcd due to shonagcs
More than h'xlf the houscholds suffer from water shomges Most of Rusaifa and the nonhcm
fringe of Zarqa arc the areas where the frequent rationing is pmcilced p'!mcuhrly in summier

-scasons (See Flg 3 l) Hydraulic analysis clearly shoivs that most of the Rusaifa ‘uul coutd
not obtain water if water sationing were not pmclla,d Some customers buy theie water from
tankers because their propertics have been built al an clwnlmn higher than the existing systun
was designed to serve. :
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This sitvation has been worsened by the rapid rise in- lhc arex's population as many new

properties are buill higher thas existing reservoirs in the arca. Conisequently, many boosler

pumps are installed.

Most houscholds have water storage facilities (roof tanks and/or underground storage) to cope
with the water rationing or intermittent supply. Such roof tanks are tsually made of galvanized

steel with a storage capacity of 1 m? or 2 md.

The household survey indicates that almost onc third of the houscholds are not satisfied with

© WAJ waier supply services. To confirm the customers’ ability to pay; the ratio water j)aymeﬁl

10 the household income was cosmputed from the results of the household survey. On average,
customers pay 1.3 % of their income for water services which is less than the normal threshold
of 3%. “To look further into this issuc, the Team focused on customer complaints filed af WA)
in 1994. As scen in Fig.- 3.2, a (ofal of 2,727 and 849 complaints were r_aisc'd'against Zarqa
and Rusaifa offices respectively. These are cquivalent to one out of 20 subscribers in Zarga
and 27 Su'bscribcr's in Rusaifa.  According to the data, these coniplaints stem from ineffective
and/or inaccuraie meter réading and billing by WAJ in addition to frequent waler shortages.

3.3 WATER CONSUMPTION

Water consumption data (on da’sly' average and accounted-for water basis) is available since
1985 when WAJ was establishied under the Ministey of Water and Irrigation. From the number
of subscrbers in Z'arqa Governomle, the per capita water consumption can be estimated as
shown below. ' o '

Dally Average Per Capita Wa(er Consumptlou
~ (Zarqa Governorate)

Year Demand (Ipcd) Consumption UFW= (Iped) UFW Ralio (‘%‘m
: o _ (accounted for) {Ipcd) ' :

1989 97 50 47 49

1990 : 108 53 - 55 : 51

1991 -7 56 - 6l ' 52

1992 12 S0 62 85

1693 - 19 "85 ' 64 54

1994 126 - - : -

~ Source: WAJ Zarga

W implies Un-Accounted For Waler.

Per capita water deimand (walter supplied) gradually increased from 97 Iped to 126 Iped (liters

© pes capita per day), although per capita consumption on an 1ccounts.d for water basis stood at

an 1!1:103( cons(am value of 5¢ -’55 Iped..
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_ T his unphcs that the UFW ratio increased over the same pcnod In ordcr to identify causes of
this high ratio of UFW, a survey was conducted: ﬁpplymg the (‘ombmed District and Waste
Metering (CDWM) method and the Meter Replicement Method (MRM). The results suggest
that UFW is 15 - 30 % leakage mostly from smaller distribution and service mains and 20 -
30 % administrative losses relaled metering inaccuracies, meter (émpeting by subscriber and
WAJ billing crrors. |

. The above per capila consumption is supprcs§cd beeause the supply could not mcet the true
“demand. A houschold survey was conducted (o deterinine the unsupressed * conisumption.
According to the survey for Zarqa whete sufﬁéic’nt_ supply is avaiiable,; the per. capiia
consuinplion averaged 72 Iped in the summer.  During the winter season, per capita
consumption drops to 57 Iped. ‘These two figures afe LO]ISfd(‘RJd 1o be the actual unsuppressed
per capita consumptlon

Thc_1994 wate’r' C_Onsumption data provided' by WAJ is presented in the table below. WA
registers all subscribers grouping them into one of three water-use categories, i.c., domestic
(inclusive of commercial), large consumers, and government. Out of thein, doinestic water use
is prcdominzmtly large, at 98.3 % of the total while the large volume consumers account for
0.5% and the government 1.2%. Industrial water use is not separated since WAJ places a top
priority on supplying potable waler to the public. According to the factory survey, WAJ
supplies water to the factories only for drinking purposes. Factories usually have their own
wells for in-plant process water. '

Water Cdnsllmiuion by Category in 1994
(Zarga Governorate)

- Category Water Consumption (m3) - Percentage (%)

Domestic 13,047,820 98.3
Others 224,458 W
-Large Coﬁsa::ners 69,525 0.5
-Municipalitics | 154,933 1.2
Tota 13,272,278 1060

Source: WAl Zanp
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3.4  QUALITY OF WATER SUPPLIED

Fxcept for’ v.'lhmty and total h'erness restlts  from Iaboralory testling conducicd under the

‘current study indicate that all sampled house tap water was within the 'maximum allowable

level' set by the Jordanian Standard -No.- 285 for Drinking Water. High concentrations of

salinity above the ' permissible tevel’ of 1,500mpA were obscrved in 80% of the samples (Sce

Fig.- 3.3). High values of total hardness were also recorded with ranging from 200mgA in the
Z:rqa/ Hashemicych arcas to 400mg/l in Rusaifa/Schenuller. The permissible level for hatdness
is l(}(}mgﬂ; Residual chigrifie levels were adequate in all house tap and roof tank samples.
Quality of groundwaier is discu'sséd in the following chapter.
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Fig.- 3.2 MAJOR COMPLAINTS BY SUBSCRIBERS

L

Complaint Type

Zarqga
8 Total = 2727
5 50% |
B
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5 15% ;
& 20% | 12%
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% 0% - . . - PR e
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Source : WAJ, 1994 .

Note:

Meter Reading Errors: Ilrrors causcd by meter readers such as absence of penodscal reading and reading errors
probably resulting it subscribers' payment deduction,
False complaint: Complaints solved, against which subscribers has not the right to complain.
Mis-processing:” Bither in moving numbers or incérrect data entry.

Broken: Meter broken out,
Leak:: Non-visible leak with the inner net.

Olhers ‘Any other complaints except the mentioned abo‘.c
Addluons - Undérestimated previous readmg resulting in subscnbers addmonal paysment.



Fig.-3.3 TDS & HARDNESS OF THE TEPPED WATER
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Chapter 4/MP

IV.  EXISTING WATER SUPPLY SYSTEM

The water supply systems in the country are interconnected to each other mainly because of the

scarcity- of available water. Water resources depend niostly on deepwell groundwater. In the
following sections, the historical developnient and outline features of the existing water supply
systemi is first introduced.  Then, the major finctions of the system and facilitics are described

“with technicat data and information.

41 - OVERVIEW

The water supply systém in Zarga Disirict dates back to 1934 iwhen the municipal c_ou'ncil of
Zarqa, then the résponsible agency for watér affairs, laid water pipelines to supply groundwater

to the residents. I 1964, a first full-fledged expansion project was launched to micet increasing

water demand due to the rapid growth of the industry and population i the area.” Under this
project, main ‘existing facilities such as Zarga wells No. 14, 14a, and 16, Zarga booster
pumpiﬁg Stalion_,_'Batmw'i tank ‘and 16" distribution mains were constructed and startéd
operation in 1967, '

However design capacities were not enough to keep pace with the remarkably high growth rate
of the population. Expansion of the waler supply system was inevitably carried out shortly
thereafler, aiming at obtaining additional water sotirces from the Azraq wellfield and wellfields
in Mafraq Governorate. Water lransmission mains connecting Za'atari, Khaldieh and Hallabat
wellfields to Khaw pumping station were completed in 1975 and those connecting Azrag well
field to Khaw pumping station were completed in 1984, These facilities were constructed to
mainly to meet the demands of Zarqa municipality and Amman. Rusaifa municipalily, at the
time when WAJ was established, was rcspon.sible for ils own waler supply system. The
resources were not necessarily sufficient to provide water to the whole population.  As a result,
the system was developed on an ad-hoc basis and was constricted in a piccemeal fashion.

Zarqa disirict 3s divided into two separate water supply areas: Hashemeyeh and Sukhna to the
north, and Zarga and Rusaifa to the south. Thiese are interconnected by the Khaw-Zarqa trunk
main;. o '

Waler for the Hashemeyeh and Sukhna areas is taken from the Khaw-Zarqa trunk main and
then boosted into the distribution system at Hashemeyeh booster station. ‘Thereafter, there are
separate feeds to the arcas of Hashemeyeh asid Sukhna. Both these areas have reservoirs which

"~ float on the system, namely Hararieh and Sukhna resecvoirs.

- Water from Khaw is boosied to a tank at the Zarqa pumping station, - In addition, water from
* wells in Hashiemeyeh is sent to the Zarqa puinping station where it is boosted into the Zarqa and

4-1
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* Rusaifa distribution arcas, ‘The remaining water for lhese areas’ comes from the followmg
wells: Awajan 21,22 and 23, Rusaifa 18, Rusaifa phosphal» well, Al Basatin 1 and 1A,

" Hultcen 1'and 2 and the Murhib wells. Muchib water is boosted to the Awajan reservoir which
floats on the system.” Rusaifa well 18 boosts into an adjacent tank from Where it is boosted inlo
distribution. The remaining wells pump directly into distribution. There are additional booster
pumps at Al Basatin and Rusaifa site 4, Water from Rusaifa well 4 is pumped to Amman and
does not feed the area. In‘addition to the Awajan reservoir, there is a reservoir at Batrawi which
in theory floats on the system but in practice is often dry.,

During the period from 1990 and 1993, WAJ Z:#rqa exccuted a large scale rehabilitation and
improvement works on the deteriorated pipe. networks including insiallation of distiibution
mains, service mains and hovse connections. This intensive work covered most of Zarqa
District, excluding Goarish and Hai Husscin, in the northern builtup arca of Zarga
municipality. Investment costs, borne by the central government, exceeded 13 lmlllon JD.
Despite thcsc efforts, the distribution network, particutasly in Ruseifa, is siill weak '

| Fig.- 4.1 shows location of the w.ellﬁelds"together with trahsmission lines :md main distribution
facilities scattered in Zarga and Mafraq governorates. Fig.- 4.2 portrays locations of such miain
facilities as pumping stations, tanks and reservoirs in Zarqa distsict.  Further efforts are made
with an emphasis on providing information on the system alignment and water teansmission as
seen in Fig.- 4.3 which portrays a system flow chart of the existing wdter supply system,
including ground level at wellficlds, pumping station, reservoirs and tanks, year of
construction, diameter, materials and flow rate of ransmission mains with sufficient details of
technical information. '

4.2 WELLFIELDS

“Water resources in and outside of the Zarc']a-districi have been widely explored. Hashemeyeh,
Awajan and Murhib wells in the Zarqa district were explored in 1986, 1987 - 88 and 1994, .
Also, Hallabat wells were developed between 1989 and 1993 for Zarqa district and Amman,
The water supply system in Zarga District depends entirely on deep-well groundwater from the
wellfields scattered in .’Zarqa and Mafraq governorates,  In 1994,: atmost 76% of the raw’ water
cany¢ from Zarga District.

Most of the abstracted groundwatcr is conveyed (o Khaw pumping station, then pumped up to
Zarqa, Hashemeych pumping stations and Amman 'municipality. Villages and communitics
located nearby wellfields "also c¢njoy a minor percentage of groundwater -from . pipelines
connected directly to the wellﬁcldsfpumpihg stations. The Rusaifa and Shenuller: areas are
supplied from Zarga pumping station, supplemepted by Awajan 'md se\,eml small wells.
Sukhna is supplied from Hashemeyeh pumpmg station.
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e gencml each puniping station has a sloragc reservoirtank.  To supply - water effectively,

there are 'several service rescrvoirsftanks al strategic points of the service arca.  From these
tanks or directly froin the pumping stations, watcr is distributed 1o the service areas. '

)] Number of Wells, Gr’oundwalér Abstraction Rate, clc.

~ The wellficlds which feeding the study area take water from one of two hydro-geologically

groundwater basins; the Azraq basin and the Aniinan-Zarga basin. - Main wellfields are tocated

" in Azraq, Hallabat, Hashemeyeh, Murhib in Zarga Governorate and ‘Za'atari, Khaldich in
:_ Mﬁfraq Governorate. Zarga District depends on 72 wells out of which 39 are located in Zarqa
" Governorate” and 33 wells in Mafraq Govemnorate. Tables - 4.1 to 4.2 provide technical
' dimensions of these wells and the working conditions of mechanical equipment. In addition,

there are nine major wells abandoned in the study area as given below:

‘Abandoned Wells

Naiue (m3/hr) : Dug Year Abandoned  Flow Rate  Reason for Abandonment

Year . :
Sukhna Well No.1 19605 1930 100 © High TDS (1,600}
Hashemeyeh Well No, | late 19605 1993 15 High TDS (1,900}
. : - & small preduction
Hashemeyeh Well No. 4 late 1960s late 1970s 16 ftigh TDS (1,600)
' & small production
" Zarga Well No. 13 1966 ©oo 1966 130 No use, high TDS (2,500
- Zarga Well No. 14 # 1966 1985 250 High TDS (1,600) &NH4
Zarga Well No. 14a 1966 1985 250 High TDS (1,600) &NH4
- Zarga Well No, 16 1966 1966 130 No use, high TDS (2,500)
Bereen No.2 1988 1989 50 Contaminated by sewage
" Bereen No.3 1983 1989 S50 Contaminated by sewage
Total 991
Source: WAIJ Zargn * 1 resumed operation in 1995,

Tables - 4.3 to 4.5 also provide information on water abstraction rates at each wellfictd and net

water fed to Zarga Goverorate in 1994. Alihough the level of the groundwater table decreases
year by year, total abstraction rates  at these wellficlds jumped from 25.6MCM in 1993 to
31.9MCM in 1994,

Anqq wellficld is one of the main souirces for Zarga and Amman. Lomiui at ‘36% m above the
nican sea Tevel, Azmq is the towest the farthest wellfield fecdmg Zarqa. It produced 19.3 MCM

in 1994, Al 16 wells constructed in the 1980s are in operation although, during the winter

scason some wells stop operation due to a decrease in demand. Groundwater is collected
through two 16" niains into storagc reservoirs, lhcn pumped to 24" transmission mains.

' :[Ja alan 'md Khalldleh wellﬁclds are lccaled southeast of Mafraq mumapwluy, wheref rom 17.0

MCM groundw'ucr was ahslr'utod in 1994 About ‘SI% of the groundwaler l'rom Za’ atari
| 4-3
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wellfietd is’ transmitted to Khaw PS and the remaining is used by Mafraq and Itbid
goverorates. Khaldich wellfield is located 15 km south of 7’ atari. * A black stccl transmission
nnain from Za' atari with diameter of 16", increasés its Maw rate, sirice most gmundwalcr yiclds
from Khaldich wellfield are injected to Za’atari - Khaw main.  The balance is utilized for
irrigation and domestic purposes in Khaldich municipality.

In lla?labat wellficld located 12 km east of Khaw pumping station, there are § wells.  They
produced 4.3MCM grdun_dwmcr in'1994. ks yields ace all wsed in Zarga Governorate,

Awajan wellfictd constructed in 1987 is located in the center of the industrial arca of Rusaifa
~and Zarqa. - It has three wells in operation. Despite their slightly deteriorated water quality, they

arc supplying substantial amount of groundwatcr with an abstraction rate of 4.IMCM in 1994,

Murhib wellfield and its pumping station were recently constructed in 1992, They are located at

in the western hilly area of Zarga municipality where ground clevitions are rather high at 633 .
m. There are § wells in total, including one constructed in 1994. They produced 0.6MCM high

purity groundwater in 1994 All water, except small amount supplied to the nearby residential
area, is conveyed to Awajan tank at clevation 693 m.,

The Hashcnicyeh wellfield was first developed in the 1960s.  There are four wells in operation.
They produced 1.6MCM in 1994. The groundwater abslracied usually contains _high
concentration of TDS. To minimize effects of TDS, the water is blended with water transmifted
from Khaw pumping station before being distnbuted.

There are also small wells in Ruscifa; Ruscifa 4, Ruseifa 18, Phosphate, Bassateen and
- Hutteen. '

WAJ annua) reports indicate the need for comprehensive waler management belween doinestic,
irrigation and industrial water users. According to a recent study by WAJ, the present
groundwater absiraction rate for irrigation, industry and water supply' totaled 50.6 MCM in
Amman and Zarga area in 1993. This is almost double the natural recharge rate of 25 MCM.
“This excessive abstraction has caused significant dectine of groundwater yields, water {able
levels ,water quatity, and has accelerated the water shortage crisis in Jordan,

(2)  Groundwater Quatity

There are (wo groundw'ucr basins, Azraq basin and Amnnn Zarqa b'\sm The quahty of the
Azraq basin is within the drinking water slandard. Azraq basin groundwatur contains less
dissotved matter and hardness compared with Amiman-Zarga basins. - The TDS ranges from 270
to 670 mgAl and NO; ranges from 3.1 to 13.8 mg/ in Am\q wcll ftelds ‘Also, lhe quallly of
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Hallabat and Za'atari wells, belonging to the Alninan¥Zarqa basin is within the drinking
standard with ihe exception of Khaldia wells. In the Hallabat well fields, TDS and NO3
concéntrations afé in the favorable range of 385 mg/ - 651 mg/l and 8 mg/l - 10.4 mg/l.

On the other hand, quality of the upper aquifer in the Amman Zarqa basin has been degraded as
a result of urban and industrial growth. According to the "Groundwater Quality Data in Jordan”
published in Feb. 1987, groﬁndwatc'r is alkaline with pH valie of 7.1 to 8.1 and saline with
concentrations of chloride ion higher than 200 mg/l.

' Groundwater from Awajan welifield shows a high concentration of NO3, ranging from 55 mg/l
to 70 mg/, dround the maximum limits of 70 mg/ speuﬁed in the drinking water standard,.
FDS values averaged belween 750 mgA - 1,000 mg/ excéeding the maximum limits of 500 mgﬂ

but staying within maximum acceptable limit of I, 500 ingl. The water from Zarqa wells
showed the same tendency. TDS values fell between 1,430 and 1,770 mgfl, hovering close to
the maximum limit, NO3 is belween 45 to 6l mgfl, nearing the maximum fimit. 'In the
Hashemeyeh wellfield, TDS and NOi concentrations are also high, ranging from 1,300 mg/l (o
1,600 mgfl and 35 mg/l - 54 ing/l.

4.3 PUMPING STATIONS

The pumping stations are constructed adjacent to - the wellfields to pump the collected

groundwater into the reservoirs. Stations are located at the Azraq, Hallabat, Za’atari, Khaldich,

and Murhib wellfields. Groundwater abstracted from Awajan,” Hashemeych and other small
wellficlds is fed directly into the distribution system.

In addition, theré arc several booster pumping stations within andfor on the way to the service
area. They are Khaw puniping station, Zarga pumping station. '

Disiribution piping is added to newly developed areas when the need arises. But the simple
addition distribution piping does not guarantee water supply to the arcas. Hence, there exists
some small booster pumping stations, pardicutarly in Rusaifa area. Further more, the newly
developed arcas are located mainly on the hill sides which requires high purap head.

~ Pumps instalted are all volute type. Technical information on the pumps instatled at all pumping
~ stations are summarized in Table 4.7. Major booster pumping stations are outlined as follows:

(1) Kh‘aw PS

Khaw pumpmg station, locatcd 60 km west of Azraq and at 614 m above the mean' séa level,
receives waler lransmlltod from the Azraq. Hallabal Za'atari and Khaldieh wellfields. Khaw

4-5



Chapler 4/MP

PS is one of the largest pumpmg stations in the country. Of thc 16 pumps mstallcd 9 pumps
~arc used to boost water to Anwjan and 7 pumps are used to boost (o Zarga and Hashcmcyeh
The amount of water pumped to Amman and Zarqga is 2,200m 3Ihour and 1,700 nmfhour
rcspcctwcly according lo the ' Water Agreement'. Flow rates arc controlled primarily by onfoff
operation of the pumps. S

(2) ZarqaPS

This pumping station is located nouh of the densely populated arca in Larqa municipality, af an
clevation of 574 m It receives water from Khaw PS, Hashemeyeh wells, Zarqa No. 14 and 14A
wells. At present, however, WAJ Zarqais obliged to stop operations at Zarqa well No. 14 and
I4A due to deteriorated groundwater quality.  There are tWo storage tanks in the pumping
station with a capacity of 4,000 m3 and 500 m3. After construction of the targe tank in 1986,
the small cifcular tank was abandoned due to the lack of chemical dosing equipment. There are

9 pumps and motors installed to " distribute water through threc 16" mains and one 6" main to

the following arcas:

Zarqa municipality including the Zarqa central area, new Zarqa, and  Awajan: boosting up to
Batrawi tank and diverting on its way to the service area through two 16" niains.-

Rusaifa and Shenuller: pumping through a single 16” main at the outlet éf the Zarga PS and
then reducing its diameler to 6" at the administrative boundary between Zarqa and Rusaifa, and
again boosting at Rusaifa Booster PS.

“ Ma’asoun in Zarqa niunicipality: boosting to distributé directly to the customers through a single

- 6" main.

(3 Hashemeych P.S.

Hashemeych pumping station constructed in 1982 is equipped with 2 pumps. Water pumped
from Khaw PS is boosted at this station to supply Hashemeyeh and Sukhna, There is no
storage tank at this station. Groundwater is pumped  directly from the wells into the
:Hashemeyeh - Sukhna mains.

(4)  Rusaifa Boosler P.S.

Water pr(,ssure from Zarga PS and from the three wells in Aivajan is not sufficient to supply

commercial and residential areas in Rusaifa and Shncller directly. T he station was expanded in-

1986 to boost and supply water o the higher zones.
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With respect to instrumentation at alt pumiping’ stations, Table - 4.8 shows type, year of
installation, working condition, etc. of flow méters and pressure gauges installed, Flow mieters
are u's'itally installed al every 'pu'mp stations” to measure inflow and outflow rates. The most
typical type of the flow ‘meter are the ultrasonic and vane wheel types. They are generally
working well. In contrast, pressure gages are not necessarily functioning because of a lack of
proper maintenaince and repair.

44  TRANSMISSION AND DISTRIBUTION MAINS

Transmission mains from Khaw to Azraq, Z& atlari/Khaldieh, Hallabat, and Amman aie all 600
imm in diameter. The Khiaw = Zarqa main is 400 mm in diameter.  Mains are all black steel
pipes with inner mortar lining. * All the pipelines were installed in 1970's and 80's.

Flow and pressure measurement surveys conducted on the Azraq - Khaw line, Khaldich -
Khaw line and Khaw - Zarga }iﬁe:sﬂgg‘est leakage from lransmission mains is very small in
quantity., Furthermore, testing confirmed (hat mains have retained a large C-value compared to
iypical mains of the same age and material.

Ttie larger miains in the distribution pipe network, are predominantly black steel . Itis in 1966
that duclile iron pipes were first installed in Zarga municipality under a Woild Bank project.
The majority of pipelines in southern Zarqa City were replaced or installed in stee! in the mid
{980s. Since the 1990s, smaller mains including house connections have been rehabilitated and
rep]acéd mainly in Zarqa city. For smaller mains, galvanized pipes and polyethylene pipes are
used.’ Polyethylenc pipes, according to WAJ officers, may not be a proper material in cases of
high water pressure because of their flexible nature: '

The UFW survey sugg&sts: miajor leakage is occurring in small dianeter distribution pipes and
service mains which were laid in the 1960s and carly 1970s. These deteriorated pipes are
predominantly black steel, cast iron and/or galvanized steel.

The total length of piping installed in Zarqa District is given in table below:

Total Pipe Lengih & Volume

Diamétér 75 103 150 - 200 250 300 400 600 Total
{mm) _ o . : . .
Length 78,960 94.675 157,705 32,195 2265 22,7765 3L6ES . 6,800 326,980
(m) | ‘ . » . :

.Voluine CO349 0 M43 1,019 " 1,011 1 1,608 3971 1922 10,734

© Note: The above excludes Sukhna and Hashcmeych.
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* Total pipe length reached 327 km as of 1994, cxcluding small diameter pipes S0man or less in
the District and all pipes in Sukhna and Hashemeyeh. This is equivalent to 0.6nvpoputation

-~ served (per capila length of pipcline installed) and 21 Vpopulation served (per capita storage -

volume of the pipe network)” . - Both paramelers clearly suggest insufficiency of the pipe
network in terms of size and length.

_ Most of the valves in the system are gate valves. Very few buiterfly valves are used. There are
no clear application standards. According to:WAJ officials, in the case where waler pressure is
low, butterfly valves are prefcrred However, since pipes are usually small, less than 600mm in
diameter and hlgh water pressure dominates-throughout the district it seems more pracucal and
cost effective (o use gate valves. From an engineering points of view, a few adjustments will
be necessary since gate valves are designed to work under specific and limited conditionis.

There are several fire hydrants installed in the pipe network. Most of them can hardly be
identified and have never functioned since they were installed.

Distribution pipelines installed to date have the fbliowing general characteristic:

- Construction could not keep pace with the rapid municipal development since the 1960s
mainly because of financial constraints. As a resull, the water authority has installed
mote small diameter distribution mains as a provisional measure.

- To overcome topographical consirainls a rather high pump head was applied at the
pumping station. Coupled with a slighly misaligned and undersized distribution
network as mentioned above, the direct supply with a high pump head results in 1)
inefficient energy consumption, 2) high pressure in the lower elevation zones and 3) a
larger amount of water loss from the distribution pipe network.

4.5 SERVICE RESERVOIRS

In general, reservoirsftanks at the pumping stations are constricted with sufficient storage
capacity. These storage tanks are used to regulate inflow and oulflow rates of the water and to
allow chlorinie dosage for disinfection. '

Service reseivoirs at Balrawi and Awajan work as balancing reservoirs, floating in the
distribution network. Most function as intended by the design except for smaller, older tanks
constructcd in the 1960's which have dctenorated lh]lanch tank conslmcled in the 1960's is

1) Similar size cities in Japan reotedod 3 0 meters per cap:laand 103 littes per capita in |99| which arg
approximately ﬁw times larger than those in Zarqa District.
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