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PREFACE

In response to the request from the Government of the Hashemite
Kingdom of Jordan, the Government of Japan decided to conduct the Study
on the Improvement of the Water Supply System for the Zarga District and
entrusted the stﬁdy {o the Japan International Cooperation Agency (JICA).

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

The team held discussions with the officials concerned of the
Coverniment of Jordan , and conducted field surveys at the study area.
After the team returned to Japan, further studies were made and the
present report was plepaled

Thope that this report will contribute to the promation of the project
and to the enhancement of friendly relations between our 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,

July, 1996

Kimio Fujita
President _
Japan International Cooperation Agency



JULY, 1996

Mr. Kimio FUJITA
President
Japan International Cooperation Agency

LETEER OF TRANSMITTAL

" Dear Sir,

We are pleased to submit herewith the Final Report entitled “The Study On The
Improvement Of The Water Supply System ¥For The Zarga District In The
Hashemite Kingdom Of Jordan”. :

This report has been 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 Engineering Consultants and Nippon Koei.

The report consists of the Summary in English and Japanese, the Main Report in

“English, the Supporting Report in Engtish. The Suminary summarizes the results

of all studies and includes conclusions and recommendations. The Main Report
contains - the results of survey, analysis and ecxplains about 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, Advisory Committee, Ministry of Foreign Affairs,

Ministry of Health and Welfare, Embassy of Japanin 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 the results of
the study will contribute to the improvement of the water supply system for the

. Zarqa District.

" Yours faitlifully,

Kg?u(fmm MOMOSE
- Team Teader
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EXE

'EXECUTIVE SUMMARY

1. INTRODUCTION -

Zarqa district, the Study Arca, is situated 35km northeast of capital Amman and has been
developed as an industrial city, In the Study Area water rationing has been practiced duc to the
limited availability of the water resources. It has been aggravated by high ratio of unaccountéd-
for water. The water resousces shorlages are 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 water tesources issue is not dealt jn this report. This repott, instead,
deals with the issues which are solved within the Stlfdy Area. They are;

- Reducing unaccounted-for water

- Rationalizing distribution system

2. PROJECTION OF POPULATION AND WATER DEMAND

The population of the Study Area is projected to increase to 739 thousands in 2005 and 938

thousands in 2015 with an annual growth rate of 2.4 to 3.2 %.

The avérage per capita consumption {(on accounted-for water basis) in the Study Area is, at
present, 52 Ipcd, where water rationing is practiced. This would be, however, 70 Iped if water

consideration of the fulure change in living standard, a way of life and likely decrease of
household size. As aresult, 90 Ipcd is adopted as the target value for 2015. '

~ is supplied é(}nlinuou:sly. For the fulure water consumption, another 20 Iped is added in -

To estimate demand, UFW within the system is added to consumiption in the subscribers. The

UFW ratio will decrease from 54% in 1994 to 30% in 2015, as meter reading and billing

procedures (major reasons for UFW high ratio} as well as leakage control measures are

strengthened and improved in the course of the project development. In estimaling daily
maximum water demand, a peak factor (Daily maximunvyDaily average = 1.20), due 1o the

seasonal and daily fluctuation is 'enﬁpioycd. As a result, the present demand of 97,000 m/day
will increase to 145,000 m3/day in 2015, - ' L

Water Demand

Year . . 1994 2000 2005 2010 2015
Papulation Served o 1 534,700 " 644,800 739,200 832,300 938,500
. Average per capita consumption (liter) 70 75 80 85 %0
 UFW ratio (%) _ 54 48 42 36 30




3. WATER BALANCE

Water sources available within the study arca are allocated, taking into consideration of the
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 résourc'cs will be alIoCa!cd to the
Study Arca; _ _ '
- Existing rc30ufcc$ such as Azrag wells
Converled resources which are now used for Amman

Considering the progress of the water resources development projects, the above resources will
be used until 2005. However, after 2005, additional water resources heed to be addéd to meet
the water demand in the Study Arca. 'The additional water resources will be located to the west
of the Study Arca while both the existing and the converted sources are located to thé east of the
“Study Area. Accordingly, the transmission pipelines will change in dircction in the year 2005,

4, WATER SUPPLY IMPROVEMENT PLAN

For formulating the long term development plan, the following development concept is applicd
in due consideration of the present problems;
1) More Efficient Use of Available Water
2) Improvement of Water Supply System
- 3) Re-use of Wells with Low Water Quality
‘4) System Bxpansion' for Future

The fac'ilit_icé with the above concept is planned for the target year of 2015 with two staged
- imﬁlcmeniation plan, For the first stage plan with a target year of 2605, feasibility study was
- conducted. The facilities arc shown in Table and Figure. The project cost is 63 million US
~ dollars for the first stage plan and is 22 million US dollars for second one.

5. ORG;QNIZATION AND OPERATION & MAINTENANCE

' Tor the successful implernentation of the Stage I Project, a Project Implementing Office {P10),

" headed by a Project Manager (PM), is to be organized in WAJ Zarqa. The Project contains civil
works for rehabilitation and expansion, which are considered slightly different in nature. It is
therefore recommended that two teans, Rehabilitation team and Expansion team are organized
under PM, '

h
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Rehabilitation of the deteriorated distribution and service mains are proposed to reduce UFW,
More important measures to reduce UFW arc strergthening of the leakage control organization
to have active leakage control measures instead of the passive oncs. Also, measies to reduce

* 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 cconomically justifiable.
However, FIRR is negative due to low revenue associate with low tariff. To gain 5 % FIRR,
the tariff needs to be doubled. In this case, ratio of the tariff against the household revenue will
reach to approximately 1% from the current 0.4 %. The 1 % is within the so-called tolerable
ratio of 4 % and the tariff increase is within the allowable range.

Annual fequired fund for the project varics from USS 2.0 million to US$ 15.8 million during
the implementation period of 1998 - 2004,

WAJ has spent about JD 48.4 million or USS 69.1 million annvally on an average during the
past 5 years. Compared with this figure, the estimated annual fund requirement for the project
corresponds to 2.9 - 22.9% of the annual WAJ investment, The annual fund rcquircmcnts is
less than 20 % of WAJ investment except that of 2001 and is considered Wllhln the reasonable
investment level of WAL

Furthcr substanhal $0CIO- cconomlc impacts arc expecied from' the :mplcmemauon of the
project. The improvement of the basic huinan needs through the alleviation’ of water shortage
and rationing is considered a greal benefit to the Sludy Aréa‘as well as the rc,sulung rcgtonal
development. ‘Taking into account all the above the pro_lect is jllStlfiCd economlcally and -
socially and its early 1mplcmcnlahon is to be recommended.

7. ENVIRONMENTAL IMPACT ASSESSMENT

The following issues are concerned wnth the " project unplemenlal:on l ‘Resettlement,” 2.

- Beonomic Activity (Impacts on exnsung tenant or lower income people), 3. Trafﬁc and Public

Facilitics, 4. Archaeological Treasures and 5. Watér Pollution
However, the 1mpacts are minimized wnh_ lhe followmg MEeAasures;
I, The facilities are planned to avoid resettlerent,
2. Lower income people does not reside the hilly areas which will be the major
beneficially areas with the project implementation.
3, Sewerage facilities will be served by 2000.

i



Table

'FACILITIES FOR THE STUDY

Target

Facility

" Size

1) Reduction of UFW

Replacement of Distribution Pipe

Replacement of Service Pipe and Meter

Création of District Metering Area

150 mm X 17.4 km

100 mm X 75.0 km
S0 mm X 131 km

12,700 meters

20 mm X 140 km

25

.2) Zoning System

- Transmission Pipe

"~ 'Pumping Station

e Rusaifa Pump for Rusaifa815 Res 3.2
.- Reservoir

Khaw PS Bauz;‘m‘!'{es
Batrawi Res - Res 715
Batrawi Res - Hashemeyeh offiake

Hashemeyeh offtake - Hararich Res
Hashemeyeh offtake - Sukhna Res

Khaw PS - Awajan P'S
Awajan PS - Awajan 695 Res
Awajan PS -"Awajan 635 Res

_Awajan PS - Rusaifa 750 Res

Rusaifa 750 Res - Rusaifa 815 Res_

“'Khaw P Pump for Batrawa Harariehand
“Sukhna

Khaw Punip for Awajan PS
Barawt Pumip for Res 715
Awajan Pump for Awajan 695 Res
Awajan Pump for Rusaifa 750 Res

Batrawi 650 - Expansion

) AT T A T AL I Y R s P e

800 mm X 7.9 km
400 mm X 2.2 km
400 mm X 0.1 km
300 mm 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 mm X 0.8 kin
600 mm X 6.6 km

400 gim X 1.8 km

9.7 m3imin. X 7T m X IOKWX 6

X19mX10kWXS
X8I mX75kWX4

5.4 m¥/min. X 121 m X 220kW X 5
4.4 m3fmin, X 193 m X 200 kW X 6

3.2 mmin, XIS mX IS KW X4

4.1 m3/min,
'2.7_m3lmin.

12,500 cubic meters

Res 715 - New . 4,000
Hararieh Res - New 2,000
Sukhna Res - New _ 1,000
Awajan 695 Res - Expansion 5,500
Awajan 635 Res = New 2,000
Rusaifa 750 Res - New 10,000
: ' Rusaifa 315 Res - New 5,000
- Distribution Pipe Rusaifa 815 - Schneler 4,600
: Rusaifa 750 - Rusaifa 1.700
Being revised .

.3) Utitization of Existing Wells .

- Cl)lleclor Plpc Zarqa well - Khaw PS
Hasheimeyeh - Khaw P'S 250 mm X 5.7 km
Awajan 23 well - Awajan PS Existing
et Rusaifa valley wells - AwaianPS  S00mm X29km _
' Pump Zaqawell - Khaw PS 3.0 m3lnnn X150m X 150KW X 1
Hashemeyeh - Khaw P$S 7 3.0 m3/min. X 150 m X 1SO kW X |
e oo RUSAB Valley Wells - Awajan PS  Existing
- Collector Tank  Awajan PS - New 5,000 m3
Khaw P§ Existing {12 000m3)
Ps: Pumping Station Res:  Reservoir
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 SUMMARY

'PART4  LONG-TERM DEVELOPMENT PLAN

1 INTRODUCTION

This Report prepared by lﬁe _JICA Study Team, compiles results ‘of surveys and analyses
carried out from Noveimber 1994 to March 1996. It contains 1) a long-term developnient plan

of the water supply system in Zarqa District with a time horizon of 2015 and 2) a feasibility
study of the Stage I project identificd in the long-term development plan,

2.  STUDY AREA

2.1 Natural Cond_i'tlons_

Zartqa district, the Study Area, is - located 35km northeast of the national eapital Amman.
Developnent has _o'ccurred mostly along the Zarqa river and because of the flat arcais small, it
has also expandéd towards the hilly areas on both sides of the river. Elevations range from 525
m to over 800 m.

There are many urban areas in the Study Area, namely the municipalities of Zarga, Rusaifa,

Hashemeyeh, Sukhna and the Shennuler refugee camp, “The Study Acea covers 90.5 km2,

‘The areas and popuhnon of the Zarqa Governorate in the Study Area for 1979 and 1994 are
- presented in the fo)lowing table.

Table S1 AREA AND POPULATION

Area Average -
Study Acca (kmi2) 1979 1994 Growth Rate (%)

Zarga Municipality * 1 58.9 2 l.?-344 344,524 3.06

‘Sukhna Municipality 5.0 - 4,390 9,764 5.47
‘Hashemeyeh Municipality 6.2 4,148 13,038 7.93
Rusaifa Municipality 18.9 49,885 131,130 6.65
Schoneler Camp .09 23,261 36,218 3.00
- Study Arca Total - 190.5 301,028 534,674 3.90

Source: Depariment of Statistics
#1 Includes new Zarqa and Awajan ' ' '
© %2 High incfease fate diinig 1979 - I994 is d!}o 1o the mﬂux of Jordamans reiurmng from the Gulf counlries.
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Water resources and thieir fimited availabilily are a major:concém not only in the Study Area but
also in Jordan. The arca is’ chafwcteri?f;d by a'dry arid climate. Rainfall is concenteated in the
winler months, with the summcr monlhs generally n,cu\rmg no rainfatl, Tn addition‘, wide
fluctuations in annual rainfall make water plannmg efforts very difficult, lntcnmltent streams,

known as wadis, are common in the Study Arca and consfitute the major portion of surface
water systems. These streams dry up during the sumivier montbs so lh:_él surface water is
unavaitable to the arca. The priimary water source for the Study Area is groundwater abstracted
from the “Amman-Zarga” aiid the ““Azraq” basins which are the iiiajor groundwater-production
‘basins in Jordan. ' a T

22 Soclo-Econemic Conditlons

2.2.1 Natlonal Economy

The gross domestic product (G DP) of Jordan was JD 3,882 willion in 1993 5t curcent price and '

the per-capita income is estimated at about 3D 970 (US$1,385). The shace of manufacturing
sector is relatively small at 17 %. ‘The share of the secondary industry including the
manufacluring And construction sectors accourits for less than 30 %, while that of the services
sectors accounts for 36 %.

In 1993, the Jordan government had a revenue of D 1,368 million. The éxpenses were JD
1,341 million and the resulting budget surplus was JD 27 million. “ About JDD 574 mitlion wias
aliocated in 1993, for capital expenditures which is equivalent (0 14.8 % of GDP,

" During the period of 1988 - 1991 consumer prices increased at ahigh rate 6f 16.4° % p.a. on an
average. From 1991 to 1993, consumer prices leveled off at (4.4 % p.a. duting 1991 - 1993)
and this (rend continues today. The currency exchange rate has been relatively stable at around
USS$ = JD 0.7 during the past 5 years. '

A National Economic Development Plan was prepared for the target year of 1993 - 1997; The -

target set in the 5-year plan are as 'fol!ows:

(l) The GDP {|991 constant prm,) will § mcnase fmm JD 3,452 mﬁhon in 1992 1o |

JD 4,147 million in 1997 at an a»cmgb growlh rate of 6 % p.a.

2) The popuhlmn will increase m 3.2 % and the pcr-caplla GDP (1991 constant |

price) will increase at an average growth rate of 2.7 %,
(3}  The inflation - rate will be controlled at 4 =5 % p.a.’ lo corru:l structﬁml
_unbalmlce and to achicve Fscal and monetary slability.

(4) The ununploymcnt mh, will decrease 1o 9. 6 % in !997 (Irom |hc current

- §-2



SUM

18 %).

2.2.2 Reglonal Economy

Rapid population growth is attributed to an influx of refugees from Palestine (particularly after
1948 and 1967) and migration from rural areas (since the military base was established). A
more recent” increase in populati'on’ was caused b)? the influx of Jordanian returnees from
neighboring Arabic Countries afler the Gulf War ( 1990 - 1991).

The South part of Zarqa has been developed as an industrial city and attracied factory laborers -
from rural areas.  In Rosaifa and Zarqa municipalities, about 45 major factories are operating,

which include mining, dairy products, paper;, iton and steel product, ceramic, breweries and

distilleries.  In HnShInc‘ych two key industrial plants in the pation are operating, namely, a
petrolerm refinery plant and a thermal power plant.

There are no available statistics regarding regional production in Zarqa Governorate. Bul the
Regional Gross Domestic Product (RGDP) is roughly estimated at around JD 590 million in
1993 based on population statistics. '

The average number of members per family houschold is 7.1 in Zarga. Based on the
population of 534,674, about 75,300 houscholds live in the Study Area.

- Though detailed information on the economic activity of households in Zarqa or the Study area

is not available, about 25 % of the residents are thought to be employed in thc industrial and
construction sectors, while about 70 % in the service sectors. The agricultural sector employs
a very sall pcrcentago of the residents.

The average household income in 1992 was ID 4,003 per year in Zarqa Governorate, which is
refatively lower than the Jordanian average (JD 4,607). Based on the average family size of 7.1

persons per houscho'ld, the annual per-capita incomge is estimated at JD 559 in Zarga,

;Aboilt_ 50 % of the houscholds earn an annual income ranging fromJD 1,200 - 3,60() Figurés
for Zarga and Jordan are the same.  The percentage of houscholds with incomes less than JD

1,200 is only 6 - 7 %, while those with incomes higher than 3D 7,200 is 9 - 12 %.

“Total houschold expc’n’di{urcs arc estimated at JD 4,197 'per year on an average in Zarqa

Govemorate. 'Out of the tot, about 8 % of expenditures are allocated for food and

-beverages, 23 % for housmg and 11 % for transportalion. - The amount alfocated for fuel,

electricily *md waler is only JI) 200 D 16 7Imonthfh) or 5 % of the total expenditure.

S-3



SUM

2.3 Public Health And Hyglene

The study arca is relatively well services by public hygicne infrastructiire. Aboul 99 % of the
houscholds arc connected to the WAJ water supply system.  About 38 % of the residents are
serviced by the public sewerage systein and the remaining 42% still use cess pools.  The

volume of sewage exceeds by a factor of two the capacity of the treatment plant inséalled at As -

Sanura.  This results in the discharge of partially treated wastewaler mto rivers: whlch
deteriorates lhc hvmg cnvnrcnmcnt in Z'qu’l '

Solid wastes from‘hctories and h0useliolds in the Study "Atrea are collected - by {rucks -and
duinped at a dcslgnated dlsposaj site for tand reclamation’ locatcd in Rusaifa, a few hundred
melers east from the Zarga - Amman Hi ghway '

Liquid wastes are disposed on the land near the boundary of Rusaifa and Amman. The liquid
waste is collected by tanker trucks with the capacity of 10m® and duinped into a waste water
pond for evaporauon Contaminated water from the pond may be flushed out into lhc titbutary
of the Zarga river during winter season.

2.4 Urban Development And Land Use

“The'characteristics of land use in the Study Arca are as follows:

(D '!‘hc’slcepcSl land located to the west of the Study Arca is vacant. It dominates tand usc
and represents 39% (35.3 ha Y of the total land area. '

" () The residential area extends towards the north and soulhwesl directions from Zarqa mly

. It is the sccond largest tand usc and has the sccond hlgbcsl share of 32%. _

'(3)_ The mixed area, which is defined as high density residential mixed with comnercial
represents 12% of the total land arca.  This arcais located mainly in Zarqa and Rusajfa
along the highway.

(4)  Theindustrial arcais relatively large and rcpr'cscnlé 8% of the total land arca. Th’iﬁs ‘area
is focated to the southeast of Zarqa, west of Rusaifa and south of Hashemeych.

f (5) " The agrictltural area is relatively snmll 'md represents 4% of the total hnd area. 1t -

extends alon g the Zarqa Tiver,

(6) The renmmng area is divided by pubtic and open space (bus stop, p'nrk otc. ) hnd uses -

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

The composmon o!‘ !rmd use in the Study Areais prcscnkd in the followmg hble



SUM

Table S2 LAND USE

* Major Land Use Land Arca
Residential 7990 km? - 320%
Mixed 112 km? 124 %
Industrial 7.2 km? 8.0 %
Agricultural C 37 kmyd 4.1 %
- Public 1.9 km? 21 %
© Open Space 1.4 km? b5 %
Refugee Camp 0.8 km? 0.9 %
Vacant Land 15.3 km? 39.0%
“Total - . 90.5 km? 100.0 %

3. PRESENT WATER USE
3.1 Service Area And Population Served

The service area is the same as the Study Area. Around 63,900 subscribers or 532,000
population are served in the Study Area. The service ratio in the Study Area was 99% in 1994,

"3.2 Water Service Level

Water supply is not continuous and a raiion_ing program is often implemented due to shortages.
More than half of the houscholds suffer fram water shonages. Frequent rationing is practiced
particularly in summer seasons in most of Rusaifa and in the northern fringe of Zarqa, This.
situation is aggravated by the rapid rise in ih_e area's population. Many new propertics arc
being built at in areas with elevations higher than existing service reservoirs.  Consequently,

_many booster punips are installed and these are prone to faiture.  Most houscholds have water

storage facitities (roof tanks and/or undecground storage) to cope with the waler rationing or
intecimittent supply.

3.3 Water Consumption

During the six year petiod from 1989 to 1994 the per capita water demand (water supplied)

gradually increased from 97 to 126 tped (liters per capita per day). However, the per capita
consumption based on “accountcd-for wa_tcf’ stood at an almost constant value of 50 - 55 Ipcd.
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'lal)lc $3 PER CAPITA WATER LONSUMP![ON :
IN DAILY AVERAGE BASE (ZARQA ('OVFRNORATPJ

Year ~ Demand Consumpt_lon o U S0F Y W R’mo
(Ipcd) (accounted for) (fped)  (ped) (%)
1989 97 50 47 49
1990 108 ' 53 55 51
199} 147 36 6l . _ 52
1992 12 50 - 62 sS
1993 119 55 64 54
1994 126 - e -
" Source: WA Zanp - *UFW Un-Accounted For Water

‘This implies that the UFW ratio increased over the same period. In order to identify causes of

this high ratio of UFW, a survey was conducted applying the Combmcd District and Wasle

Metering Mcthod (CDWM) and the Meter Replacement Method (MRM). - The results suggest
that URW is 15 - 30 % leakage mostly from smaller distribution and service mains and 20 -
30 % administeative losses related metering inacctiacies, weler taripering by subscriber and
WA billing crrors,

The above per capita consumption is suppressed because the supply could not meet the true
demand. A houschotd survey was conducted to determine the unsuppresscd consumption.
According to the survey for 7‘\1‘(1'1 where sufficient supply is available, the per - capita

- - consumption ‘averaged 72 Ipcd in the summer.  During the winter scason, per capita

“consuinption drops to 57 Iped. These two fi gurus are considered fo bc the actual unsuppressed
pcr capita consumpuon

According to the 1994 water consumption data provided by WAJ, domestic water use is
~ predominant, representing 98.3 % of the total constmption.  According to the factory survey,
water supplied by WAJ is used only for drinking purposes. Faclories usually have their own
welis for in-plant process water.

3.4 Quality Of Water Supplied

'B'xccpl for salinity and tofal hardness results from faboratory. (esting conducted under the
current study indicate that all spupled house tap water was within' the *'maximuin allowable
level' set by the Jordanian Standard No. 285 for Drinking Water. High concentrations of
's'slmuy above the pmmswblc fevel of 1, ,500mg/l - 'were obsérved in 80% of the s'\.mples
High values of total hardness were also récorded with ranging from 200mgA in the Zarqa/
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Hashemeych arcas to 400mg/ in RusaifSchenulter. - The permissible level for hardness is

" 100mg/l. Residual chtoring levels were adequate in‘all house tap and roof tank saniples.

4, EXISTING WATER SUPPLY SYSTEM

4.1 History

The water supply system in Zarga District dates back to 1934 when the niunicipal council of

. Zarga, then the responsible agency for water affaits, laid water pipelings to supply groundwater
_ to the residents. In 1964, a first full-fledged expasision project was taunched to meel increasing
waler demand due to the rapid growth of the indusicy and population in the area. Under this

project, main existing facilities such as Zarqa wells No. 14, l4a, and 16, Zarqa booster
pumping siation, Batrawi tank and 16" mains were constructed and started operation in 1967,

‘However design capacities were not enough to keep pace with the remarkably high growth rate
of_ the population. Expansion of the water supply system was inevitably carried out shorlly

thereafter, aiming at obtaining additional water sources from the Azraq wellfield and wellfields
in Mafraq Governorate. Water transinission mains connecling Za'hlari, Khaldich and Hallabat
wellficlds to Khaw pumping station were completed in 1975 and those connecling Azraq well
field to Khaw pumping'stat_i})n were completed in 1984, These facilities were constructed to
mainly to meet the demands of Zarga municipalily and Amman. Rusaifa municipality, at the
time when WAJ was established, was reSponsiblc for it’s own waler supply system.  As a
result Rusaifa did not have the resources to provide prﬂpc_r planning and the distribution system
and was constructed in a piecemeal and ad-hoc manner,

4.2 Water Source and Transmission System

Zarqa district is divided into two separate water supply areas: ‘Hashcmcych and Sukhna to the

north, and Zarqa and Rusaifa (o the south. These are interconnccted by the Khaw-Zarqa trunk

main:

Water for the Hqsheme)ch and Sukhm areas is taken from the Khaw- Zarq': tcank main and

" then boosted into the disiribution systein at _Hashemcyeh booster station. Thereafter, there are

separate feeds to the areas of Rashemeych and Sukhna. Both these areas have reservoirs which
float on the system, namety Hararich and Sukhna geservoirs,

'W'ltcr from Khaw is boosted co a rmk af thc Zarqq pumpmg station. In addition, water from
“wells in Hashc:m)ch is sent to the Zarqa pumpmg slauon where it is boosted into the Zarqa and

Rus'uh distribution areas.
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~The remaining water for these areas comes from l_hé following wells: Awajan 21, 22 and 23,

‘Rusaifa {8, Rusaifa phosphate wcH,_Al Basatin 1 and 1A, Hutteen 1 and 2 and the Murhib-

wells, Murhib water is boosted to the Awajan reseivoir which floats on the system. Rusaifa
well 18 boosts into an adjacent tank from where it is boosted into distribtion. The remaining
wells pump directly into distribution.  There are additional booster pumips at Al Basatin and

Rusaifa site 4. Water from Rusaifa well 4 is pumped to Amman and does not fecd 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. o '

Fig.- S1 shows the location of the wellfields, transimission lincs and main distribution facilities
scaltcred throu‘gho‘ul Zarga and Mafraq govemorates. Fig.- S2 portrays the locations of main

facilities such as pinmping stations, tanks and reservoirs in f’qua district. Further infOnfmtion :

on systemn 'dlgnmem and water transmission is prcscntcd in Flg S’l Wthh poﬂrays asystem
flow chat of the existing water supply system '

During the period from 1990 and 1993, WAJ Zarqa executed a large seale i'_t‘habililatioii and
improvement works on (he deteriorated pipe. networks illC]ll;dil.lg-_ instaliation of disti‘ibfulion
- mains, service mains and héu’s_c conncetions. This intensive wark covered mos( of Zarga
District, excluding ‘Goariah and Hai Hussein, in the northcrn built-up area of Zarga
“municipality.  Investment cosls, borne by the central government, excecded 13 miltion ID.
' Dcspilc these efforts, the distribution network, paniéularly in Ruseifa, is still weak.

43 Distribution System

In 1994, wiat instalted pipe length reached 327 k'm' excheding small diameter pipes 50mm or
less, and all pipes in Sukhna and Hashemeyeh. l‘hls is equivalent to 0.6 metres per capita
serviced and 21 litres of pipe storage volume per capita served. Both pfufuneters clearly
suggest insufficiency of the pipe network in terms of size and length (Similar size cities in
Japai recorded 3.0 meters per capita and 103 kirés per capita), Dislribution 'pipclihcé installed
to date have the following gencral characte ristic:

-Construction of the water supply systemin the arca has not kept p*xce w:th the rapid mumcuﬂl

development since 1960s m'unly because of financial consiraints. As a p;owsmnal weasure, the -

water authority has installed n,hlwcly small dmmetu distribution malns

-Topographic constraints have requited rather high_pu'ni'ping heads. ‘A m'is.aligi{e(:l' and
undersized distribution network has resulted in: 1) inefficient encrgy consumption, 2) high
pressures in arcas of lower elevation and 1) a I'\rgc amotunt of lcakagc in lhc dlsmbuhon pipe
network.

- E
~
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The total storage capacity of the storage tanks which arc operational §1,100 w’, equivatent to

20 hours of water consumption in Zarqa District. Consumption meters are installed at all

subscnber connections, Most ‘of the meters are localed in the customers' yards bul sonelimes

‘can be found inside’ their houses which makes monitoring and maintenance by WAJ staff,

difficult.
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5. ORGANIZATION, OPERATION AND MAINTENANCE

5.1  Organization

'WAI Zarqa Governorate was cstablished in 1985 as one of the governerate offices of WAJ and

ali the water administration was transferced fromi Zarqa Municipality. The tatal number of

~eimployees at WAJ Zarga is about 607 or about 9 % of the WAJ lolal. There are five
"departments under WAJ Zarqa Governorate. The number of staff allocated 10 cach depariment
-~ is as follows: - : |

-« Planning, studies & Inforiation department ;10
-+ Operation & maintenance depmuﬁeﬁnt ' : 347
+ Subscribers depariment S . 87
+ Administrative & finance departinient | 4]
« Rusaifa water department - 1122

« Total 1 607

The nuniber of the customers served by WAJ Zarga is 73.,83(} houscholds. The number of stafl
per 1,000 customers is 8.4 in WAJ Zarga and 12.7 in WAJ, It can be concluded that the staff
to customer ratio is relatively efficient in WAJ Zarqa.

5.2 Operation And Maintenance

5.2.1 Operational Organizatlon and Staffing

In WAJ Z'arqa, the "Operation and Maintenance Department, Zaré;a“ and the "Operation and
Maintenance Scction of Rusaifa Watee Department”, are in charge of operation and maintenance
of the water supply system including wellficlds, pumping slations, ftransinission and
distribution pipe nelwork. To assist them in achieving optimal and effective operation, the
"Planning, Studies & Information Depariment” conducts Yaboratory and field testing for quality

* control and water resource monitoring.
~ 5.2.2 System Operatlon and Malntenance

| (l‘)‘Wel‘!}ﬁelds and 'Pun:iping Stqlioﬁs

Pumping stations are operated by the "Operation and Mainfenance Departient Zarga” and

~ "Rusaifa Water Depariment”.  The former operates 6 pumping stations in Azraq, Hallabat,

'S-13
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Khaw, Zarqa, Hashemcych and Murhib and the talter operates 4 imh‘iplng‘sta'tidﬁs: located in
Rusaifa Monicipality.- ' :

Khaw pumping stition which collects groundwater from the Azraq, Hallabat, Za'atari and
Khaldich welificlds is operated in accordance with the agreement between WAJ Amman and
Zarqa.  This agn.cmcnt which defines water allocatlon to cach service arca is usually updated

ycarly Accordmg to the 1994 Agrucnu,nt a maximum of 1,700 m¥/h can be delivered to Zarga
District (Zarqa and Rusaifa mumcrpahucs) whllc Anmman municipality dnd the Army camp in

Zarqa reccive up to A maximurh of 2 ,200 m3/h and 100 m¥/h, n,spcclwdy

Thc’rc is also an allocation agrecment between Zarq_a and Rusaifa (1994). During the summer
season when water demand increases and well yields are limiled, 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 m¥h of water is delivered to Rusaifa. In the remaining two days of the
week, 1,000 m3/h from Zarqa is boosted to supply the norhern hilly areas of Rusaifa.

(2) Water Treatment and Reservoir/Tank

WAL does not p'raclice periodical maintenance for cleaning, - feak detection and repair.

Operational staff and/or watchmen keep records on hourly fluctuation of water levels at most of

the reservoirs/tanks except for the balancing tanks that float on the pipe network.

Except for chiorination water does not receive any treatment. Chlorine dosing is usually carsied
out at the reservoirs and tanks of major pumping stations.

(3)  Transmission and Distribution Mains
Maintenance crews organized under the departments carry out passive leak [epair. 'WAJ

cngmccm explained that broken mains and leaks are usvally repaired on the same day they are
located depending on site conditions and nature of the leak.

. (4)  Other Facilities

{Customer Meters) _

In the WA Zarqa office, the Customer Department has one meter calibration- set and rep*\irs
on an average, 500 house incters yearly. The Rusmf’r Wf\(:,r De partmcnl also has one Ineter
calibration set and in 1994 calibrated lOOOnMcrs

(Water Tankers)

$:14
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Two water tankers are operated each under Zarqa and Rusaifa offices. Since farge scale repair
“of “micchanical ‘equipment such “as pumps - and vehicles is ‘the _respon'sibilily of - WAJ

Headquarers. * The Rusaifa and Zarga offices retain only small tools and devices for leak
repairs and pipe installation. Each office operates a sufficient number of vehicles for system
operation and maintenance.

' 5.2.3 Procurement and Storage

Procuieinent is usually made by WAJ Headquarters upon requcst by WAJ Zarga. WAJ

Headquarters has standard specifications for all equipinent and materials. Henee, their quality
and quantity are kept at a certain level satisfactory to WAJ.

‘Simalt lengths of sleel, ductile iron, and polyelhylcnc. pipes are stored in the yard near Zarga

Pumping Station. These materials are under the control of the Supply & Storage Section, of the
Administration & Finance Departinent, Zarga.

Bulk chemicals (chlorine tanks) arc stored at warchouses in As-Samura and Amiman. They are
periodically defivered to the site when required.  On average, chenicals on site last two weeks -
to onc month and are sufficient in quantily for normal operating conditions.

House meters are B-¢lass, and meet 1SO standards. The Subscribers Departinent of the WAJ
Zarqa and Rusaifa Water Departments usually keep 2,000 and 500 ncters reépcciivcly. The
house meters are delivered from Amman Storchouse after sample calibration. Meters are
considered sufficient in number and performance.

5.2.4 Workshop and Laboratory

There are two minor workshops, cach in Zarqa and Rusaifa. They arc used for meter calibration -
and repair.  Full scale repair of pumps, flow meters and vehicles is done at the Ainman

Workshop.

Laboratory tesling is carricd out by the Water Resources & Laboratory Section, of the

- Planning, Studies & Information Departmeit of W/\J Zarqa. The engineers and in-house staff

take samples at major water supply facilities in Zarqa ‘Governorate on a routine basis. The
sampled water is broughl into the Mlcroblologlc'\] L-lbomtory in Amman.  WAJ Zarqa

‘Lngmecrs carry oit alt testing and amlyscs These auwmes aim to 1) monitor teends and
“quality of the gmu ndwmr aquifer i in the Gov ernomle and 2} ensure safely of the water qu'lhty

based on the drinking water standard, Bmloglcal and physical parameters such as bacteria,
fecal coliform, total coliform, pH, turbidity, residual chloring are tested on adaily basis. Due

1o the siighlly' limited capacity of the Laboratory, an average of only 20 samples in a week are

S-15
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brought in for testing. Chemical paramcters: such as fluoride, calcium, ‘magacsium, - TDS,
nitrate, sodiom, potassiam, chloridc, sulphalc carbonate, bicarbonatc aro examined ongee or

~ twice a month according (o the necd. - Analyses for heavy metals and trichlroelhylcnc are |

carried out once a year by WAJ, - Parameters and frequency of the rouline waler testing arc
considered sound and favorable.

In addition, the Lab scc!:on carries out water sampling at all private wells for. tcstmg Wasle
water from the :m_]or factorics are also tested to momlor and contro} ground’ waier
- contamination m Zarqa Gov emomtc '

5.3 Meter Reading, Billing And Bili Collection
5.3.1 Meter Reading

Meter reading is carried out by WAJ meter readets every three months. There are 74,000 water
subscribers in WAJ Zarqa Governorate, about 70% of which are in Zarga and the remaining
30% in Rusaifa. The total number of collectors working in WAJ Governorale is 50 (35 in Zarqa
and 15 in Rusaifa). The iwmber of subscribers per collector varies from 500 to 2,000,
‘depending on the density of the house connections.

5.3.2 Billing and Bill Gollection

Al the data for the preparation of bills is processed by coniputer in WA};Zarqa'. Waler bills
thus prepared are distributed to subscribers every thiee months. In general, 2-3 weeks are
required for preparation and distribution of bills. As meter readers are familiar with local
- conditions, they are also engaged in bill collection. Bill collectors (or meter readers) are not
periodically shifted to other arcas.

According to regulations, subscribers should pay within 7 days after receiving the bill or clse
WAJ has the legal authority to cut off the service. However, this regulation is not applied
strictly depending on the physical situation and ils practical implications. Actually it takes about
two weeks to collect the bill after dlslnbulmg the blll

There are theee payment melhods avmlablc 10 subscnbers l) pay the collector, 2 bnng cashto
WAJ and 3) pay at lhc b'mk Most of the subscnbers in WAJ Zarq’x (60 70%) are paymg the
collectors, The rcmalmng customers brmg cash to WA Zarq*i Payment at bzmks is used by a
limited numbcr of cuslomera '

P
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According fo stalistics in WAJ Zarqa the ratio of bills collected to bills issued in 1994 was 0.89,
which indicates high recovery rate compared to that of other developing countrics.

According to the information collected through UFW survey and from staff at WAJ Zarga, the
following probleins need o be solved or improved:

1 -many subscribers tend to mistreat water meters. _
2. ot lakc§ 2 months or mote for collecting bills including meter réading.
3. :_ ‘billing is quatterly instead of monthly.
4 bill collectors work as micter readérs and bill collectors, and with no
periodical shifting.

54  Financlal Management

" 5.4.4 General

All the budgets of the local governorates are planned and controlled by WAJ Headquarters.
Water bills are collected by the local governorates and remitted to and managed by the centeal
office. Major expenses such as payroll of the cimployces and clectricity are paid by the centeal
office. The Budgel for additional investment and repair is also being controlled by the central

" office.,

5.4.2 Tarifi Structure

- Applied tariff rates in Z_arqdﬁstﬁcl_bolh for water and sewerage are shown below. In January

1994 the water 1ariff for specific consumers was abolished. Tariffs for domestic consul_ncrs'
and such bulk consumer as commercial and industrial consumers are the same.

‘Table S4 WATER AND SEWERAGE TARIFF

“Block Water Tanit Scwerage Tarlil
- (3 months _cpns_umplion) _ JD/in3 JD/mM3
0-20M3 : 0.065 0.030
21 -40 M3 0.090 0.040
‘41 -70 M3 0.300 0.100
7M-100M3 - 0500 0.200
101 M3 morc 0.600 0.250

~ Source: Information Dept., WAJ

S+ 17
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5.4.3 Financlal Statement

(y Fitiancial St:ﬂcmc’nis of WA} Héadqu:inc'r's.

Income statements for WAJ in 1994 indicate thal the total reventie almost covered salaries and

wages and O&M cost.- However, depreciation cost and interest on loans could not be covered
by the revente. The deficit for the year reached JD 49.3 miltion which is larger than the annual
income: Bascd on' the actual water consumption in 1994, the revenue and the cost are ahalyzed
- as follows: | o | '

Table S5 REVENUE AND COST ANALYSIS
. WAJ in 1994 (JD)

Revenuc/cost  Revenuelcost per m3

1. WAJ Revenue
1) Water Revenue 24,269,005 - 0.25
2} Water revenue plus sewersage revenue 134,195,14 : 0.35
and sewerage fax _ - _ _. _
ROt e

1) O&M Cost excluding depreciation 4] ;9 1 9,?36 04’5
2) OM. Cost plus depreciation - 69,505,770 0T
3) OM. Cost plus depreciation and interest 85,288,268 0.87

Note: Revenue/cost per m3 are calewlated on the basis of the water consu niption {billing amount ) of 97,888,825
m? in all WAL

~ As indicated above revenue from the sale of water is 1D 0.25 /in3. Even if sewcrage revenue

~ and sewerage tax are added, the revenue only increases by 40% to JD 0.35/m3 which still does -

" not cover OM cost of I 0.43/m3. When depreciation is included, O&M accounts for 49% of
total operating costs. If interest is included with depreciation then OM accounts for 40% of
total operating expenditures,

- Operational and Maintenance costs of WAJ during the past 3 years are sttnmarized as follows:

T



SUM

Table §6 OPERATION AND MAINTENANCE COST -

| 1992 1993 1994
Salary and Wages 13,316,713 (19.9) 15218277 (21.4) 16,099,444 (18.9)
Elcetricity 8,318,353 (12.4) 14,996,061 (21.1) 16,966,535 (19.9)
Repairand 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 (323)
Interests - 11,838,784 - (17.6) 12,043,867 (16.9) 15,782,498 (18.5)
Total =~ 66,998,621 (100%) 71,165,199 (100%) 85,288,268 (100%)

About one fifth of the total OM costs are for shlary and wages, while about 20% is for
electricity.” Depreciation shares about 30% showing a relatively high ratio, while 17-18% of the
total cost was allocated to interest.

Investment in fixed assets is being financed by government contribution and long term loan,
Annual income could not cover the depreciation cost and the annual deficit was finally offset by
reducing WAJ's working capital.  Net working capital has been decreasing since 1988 and
reached JD 34 million in 1994, despite considerable contributions from the government.

2)  Financial Situation of WAJ Zarqa

Independent accounting systém's ‘have not been introduced in cach WAJ - governorate.
Accounting remainls a centralized function. Individual governorate balance sheets and income
statements for WAJ Zarqa are not available. Based on information provided by WAJ Zarga the
annual budgetis prepared by WAJ Headquarters, as presented in Table 5.1,

The expected total revenue of WAJ Zarqa in 1995 is about JI 4.0 million which consists of

revenue from water (JD 3.1 million) and revenue from sewerage (JD 0.9 million). Total
cxpenses are projected at JBY 5.0 million excluding depreciation and interest costs.  The
resulting net revenue is Gsti_lllafed at minus JD 1.0 million (deficit).

On the basis of the assumned water consumptio;i for 1995 (14,358,000 'ni3),-unil ‘revenuge and
cost for WAJ Zarqa are calculated as follows:
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Tabl¢ 87 - BUDGET FOR WAJ ZARQA, 1995

SUM

Item 1D
[. Revenue
1. Water Revenue _ '
Waler Charge 2,702,035
- Conriection Fec 250,286
Meter Charge . : 96,139
‘Repairing Fee & Others - 62,295
(Sub - total} C | - (3,110,755)
2. Sewerage Revenue * o L
“Sewerage Charge _ - 435,677
“Connection Fee : 416,000
Others : 64,260
N Tolal Re\cnuc 4 Oﬁ 092

il. Expenses ™ e
1,422,666

1. Salary and Wage 1,422,061

2. Electricity - 3,007,107
3. Repair Cost and Fuel - o 457,053
4. Olhers e iy 162,069

" otal Rxpenses T T TS 048808 T

- 1,023,203

1. Revenue minus Experises

Source :  WAJ Finance Birectorate
* :. Excludes sewerage ta to be collected by MOF
k4 1 Bxcludes depreciation cosl

Table S8 UNIT REVENUE AND EXPENSES

Item " Unit Rate
1) Water Revenue ~ID0.210/7 _m3
2) Sewerage Revenue: ID0.664 T m3
3) Total Revenue D 0.280 / m3
4) Total Bxpenses ID0.352 / m¥

ID0.621 / m?
CID0.791 F

5) Total Expenses plus Depreciation
6) Total Expenses plus Depreciation and Interest

From these figures, the following conclusive remarks can be made on the financial sitvation of -
WAJ Zarqa : ' : '

§. Total révenue covers about 80% of the total expenses excluding depreciation.

2. Since the total revenue is only 45% of the total expenses plus depreciation, substantial
increases in revenue or cost reductions are a pre-requisite for the cost recovery.

3. i interest is included, present total FOVCDUG covers only 35% of the cost. |
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6 PROJECTION OF POPULATION AND WATER DEMAND

6.1 Future'U'rban: bevelopme'nt Plan

A devclopmcnl scenario for the Study Area is formulated, in due consideration with the

development constrainis given below;

R Existc’nc’c of the mifitary canyp located in Zarga, which limits further development

| towards the east of Zarqa, and

- Steep land laid dOWI:l around Zarqa, which_limits further development towards the west
and north of Zarga. o

- Exis{ing industrial plants such as  oil refinecy and power plats in
-Hashemeyeh.

The residential and mixed residential area will expand to west, notth-west directions and cover
most of the relatively flat terrain area of the Study Area while the vacant land will decrease
corcespondingly. Then, future land use of the Study Area is projecled, which is summarized
below;

Table 89 FUTURE =LAND USE OI' THE STUDY AREA (2015)

© Major Land Use - - Area (Km?)
Existing Residential 20.0 - (32.0 %)
Mixed 1t.2 (12.4 %)
Future Residential 10.2 (11.3 %) .
Industrial - 8.0 (3.8 %)

- Agricultural 3.4 (3.3 %)

 Pubtic 2.2 (2:4 %)
Open Space 1.6 (1.8 %)

- Refugee Camp 0.8 (0.9 %)
Vacant Land 241 (266 %)

90.5 (100.0 %)

Total

6.2 Poputation Projection

" The population of the Study Area increased at 3.9% p.a, during the period of 1979-1994,

Excluding a returnees from the Gulf countries, estimated at around 60,000, niatural population
growth is cstimiated a1-3. 1% duting this period. Another indicative figure for future population

 projection would be the planned population growth rate set up in "Beonomic and Social
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Dcvclopmcnt Plan of Jordan, 1993 - 1997. The projected figure is 3.2% p.a. during the ptan
period. ' ' -

Based on these ﬁgurcs; total population growth of the Study Arcalis cstimated.

Period “Total Population Growth in the Sludy Area
1995 - 2000 3.2% p.a.
2000 - 2005 2.8% p.a.

2005 - 2015 2.4% p.a.

Duaring 1995 - 2000, alittle bit higher rate than the past trend is applied in due consideration of

thé socio - cconomic effect of the Peace Treaty. But the higher geowih rate will decrease after

the year of 2000 as houschold incoines increase and living standards improve.

Population prochiiOn for different lhtl[licipaliiics is made on the basis of p"{sI trends with and
growth rates estimaled above. l*or the estimai¢ of lhe fulure growth rale by municipality, the
~ followin 2 'msumptions are made:

Past trend of high population growlh observed in each municipality will slow down in
the future.

* Higher population incréase will continue in the surrounding lower density areas such
as Sukhna, Hqshuncych, and Rusaifa. ' _
Zarqa and Schemitler which have the highest population density in the Arm will
increase at relatively lower rate compared to other monicipalities.

Table $10 PROJECTED POI’UIIJAT'ION IN THE STUDY AR] A

Municipality 1994 1994-2000 2000  2000-2005 2005 2005 -20i5 2015

Zarga 344,524 2.8% 406,600 2.5% 460,000  2.3% 577,500
Sukhna 9,764 4.4% 12,600 3.9% 15,300 - - 3.0% 20,600
Mashemeych 13,038 47% 17,200 40% 20900 32% 28,600
Rusaifa 13,130 4.0% 165900  33% 195200  2.6% 252,300

Schenuller 36,218 29% 42,500 2.4% 47900 - 22% 59,500

Study Awa 534674 3.2% 644,800  2:8% 739,300  2.4% 938,500
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6.3 Water Demand Forecast

. The average per capita consumplion {on the basis of accounted-for i_va!cr} in the Study Area is,
“at present, 52 Iped, where water eationing is practiced. This consumption would, however,

increase to 75 to 80 lped during dry periods and 70 tped during wet periods il water were
supplicd continuously.

For the future water consumplion, another 10 -15 Iped is added to allow for increased per capita
consumption due to improved living standards and a likely decrease in houschold size. As a

" result; 90 Ipcd is adopted as the target value for 2015.

To estimale demand, UFW within (he system is. added to subscriber consumption. 1t is

assumed, that the UFW ratio will decrease. from 54% in 1994 to 30% in 2015, as meter reading
and billing procedures (major reasons for UFW high ratio) as well as leakage control measures
are slréngthened and impro:ved in the course of the project development. In CSliliialing daity
maximum water demand, ‘a peaking factor (Daily maximunvDaily avérage = 1.20), is used to
account for the seasonal and daily fluctuation.

Taking the above factors into consideration, the present 183 Iped on daily maximum basis will
amount to 166 Iped in 2005 and 154 Iped in 2015, The daily maximum water demand of

97,000 m3/day in 1994, will be increased to 145,000 m¥/day at 2015.

Table S11 DAILY AVERAGE AND 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 demand 151 144 138 133 129
Maximum demand 184 174 165 160 155

* Demand includes both consumption in subscribers and UIW in the system.

Table S12 WATER DEMAND

Year 1994 2000 2005 2010 2015

Population Served 53_4,700 644,800 739,200 832,300 918,500
Avg. Demand (im3/day) 81,000 93,000 . 102,000 111,000 121,000

“Max. Demand (m¥day) 97,000 112,000 . 122,000 133,000 145,000
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6.4  Water Balance

- Water sources avaitable within the Study Area are scarce. I appropeiate measuges for new
water resource development are not advanced by the agencics conceried, the water shortage in
the area will become more serious in the future.

~The following table shows an estimated water balance, supposing that the present v.cll fields ?
conlmue o producc water and no additional water sources are available. B

Table $13 WATER BALANCE WITHOUT ADDIT!ONAL SOURCES

(Daily Avérage Base) - (MCM/year)
Year 1994 2000 2005 2010 2015
‘Annual Water Demand - S 296 1339 372 405 . 44.2
Water Source Avmlablhly 219 21.9 219 21.9 21.9
Balance N -120 IS -18.6 224

6.4.1 Current Water Source For Zarga

Current water sources for the Zarga water supply syslem 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 3.92 million while Jordan is 4.33 million in 1993). The current water balance for the
northern region is as follows; -

Table $14 CURRENT WATER BALANCE IN NORTH JORDAN
(MCMyearin 1993)

Governorate Supply Import Export

Zarqa - 25 15 19

Amiman * 101 *#* 46 0

“Mafraq : 13 0 : 19

Irbid 34 ' 4 -0 .
Balga . 19 _ -3 _ : 0 (E;
{King -Abdul Canal) - - 30 b4
Total | 192 68 68

* Impot from South Jordanis included.  ** Import from South Jordan is excluded.

The location of the water sources serving Zarqa is expected to change by the development of
future water resources in Jordan. Projects resulting from the Peace Treaty, the Wadi Mujib
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Lower basin and Disi wilt have a profound impact on the arrangement of the Zarqa water
supply system. ' ' '

642 Water Demand In Jo‘rdéh

Determining the water demand is the first step to understanding the water balance in Jordan.
Population in the north Jordan is projected below by using the same population growth rates -
applied in Zarqa. '

Table 515 POPULATION PROJECTION IN NORTIH JORDAN
' : (thousand person)

"Governorate Amman Zarga Irbid Maftaq nlfaTcIa Total . Growtn
{ year _ : rate
1995 - 1,803 688 1,006 179 207 3,883 3.20%
2000 0 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 21 313 5,875 2.40%
2015 3,073 117t 1,714 305 352 6,615 2.40%

Based on the populalion projections, domeslic water demands are projected for 2 possible
scenarios: 1)-a low consumption scenario where the per capita consumption will remain the
same as the cbreent level of 150 titers per day (including 58 % of unaccounted for water) and 2)
a high consumption scenario of 180 liters per day.

Table S16 WATER DEMAND IN NORTH JORDAN _
(MCM/year) .

Govemorate Amman ~ Zarga  Irbid  Mafaq  Balqa — Net Total ¥ (Gross
/ year : : Total

L.ow case - (150 ipcd) _ _ _
1995 - 99 38 55 10 1 213 234
2000 Ie6 44 64 11 13 249 274
2005 - 133 51 74 13 15 286 315
2010 149 57 83 15 17 322 354
2015 168 64 94 17 19 162 398

High case (180 ipced) .

- 1995 - 118 B 5 66 12 14 © 255 281
12000 _ 139 53 71 14 16 299 329

- 2005 - 159 . 6 89 16 18 343 377
2010 179 68 100 18 21 - 386 425
2015 | 200 .77 113 20 23 435 479

- * includes 10% conveyance loss and 8% UFW ralio.
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'6.4.3 Water Resources Development in Jordan

" If the waler resouirces dcvelopimnt proceed as shown below, watu will be batanced between
2000 and 2010. However, afier 2010, other water resources dcvelopmcm “will become

" necessacy.

Table S17 WATER BALANCE BASED ON POSSIBLF WATER SOURCI*S ' ' fﬁs;
(MCMfyear) =

Watersource/yewr - 1995 2000 200 2000 201s.

Existing Supply - 192 192 192 192 192

Mukheb _ - 25 25 25 25

Fahel ' - 8 8 8 8

Yarmouk River . 30 80 80 80

Degnia Gate (Lake Tiberias) - 20 20 © 20 20

Desalination from Israel R 1 i 10 10

Wadi Muj Lower Basin - 30 30 30 30

Disi R - S(90) 90 (I150) - 90 (150)

Total Suppiy '192 ' 315 ' 365 ass 45
‘mand(Low ngh) 23410 281 274:0 129 'nsm 377 ';54:0425 : 393(0 179 g

ther Balance (Low Il:gh) 42 to 89 14!0 +4l -1210 +"»0 +'&0 to +86 24 1) +42

BRI

" In the above cases it is assunied that 58% of high UFW in Jordan in 1993 will not change.

" However, rchabilitalion of the distribution systens is also planned for the rest 'of Jordan as it is

. in this study. Although reduction of the UFW will take a long time, it is reasonable to expect

* that UFW will be reduced to 30% by 2010. The required demand will therefore be significantly

*lower at an estimated 298 MCIWycﬁr in 2010 and 335 MCIWyca;'in 2015 for the high
consumption scenario and 248MCM/year in 2010 and 279 MCM/ycar in 2015 for the iowcr
consumplion scenario.

Table S18 WATER BALANCE FOR UFW RATIO OF 30%

| . - (MCMfyear) I
Year | 995 000 2018 |
Tolal Supply 192455 T _' 15'5-
Demand (Low - High) 23410281 248 to 298 = 27910338
Water Balance (Low - High) -42 (o -89 | 4-157 to +207 +120to +176
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It is rx,po'rtcd that existing wells are producing at twice the safe yield limit. For both !he'high

dind fow consumiption case there will be a hrgc posilive waler balance. Therefore it is advisable

to reduce producnon ylcld of the overdrawn wclls Even when production is reduced to half,
the water balance remains positive as shown below. '

Table $19 WATER BALANCE FOR UFW RATIO OF 30%

{(MCM/year)
Year ST 19s 2000 2005 2010 2015
Existing Supply - 192 192 192 06 %96
Mukheb ' - 25 25 25 35
Fahel | . 8 8 8 8
“Yarmouk River - 30 80 80 80
Dignia Gate (Lake Tiberias) . 20 20 20 20
- Dosalination from Israel - io _ 10 10 10
Wadi Mujib Loiver Basin . 30 30 v 30
Disi ' - - # - (80) 90 (150) - . 90(150)
Totat Supply 192 15 365 359 359
Demind (Low - High) 23410281 27410320 31S10377 24810298 27910335
Water Balance (Low - High) 421089 -ldo+dl 1210450 46110 +111 424 10 80

*  Reduced to half of the existing supply. :
# Disi project is plannedto yield 150 MCM/year : at the second slage. However, from the viewpoint of water
balance, it is not necessary. :

6.4.4 Future Water Source For Zarga

From the preceding, until 2005 the quantily 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'atart etc., reaching 938 Us (30 MCM/year) in 2005. After 2006, the
quantity from existing sources will be reduced by half and -additional water will come from the
west, The amount from the west will reach 741 Us (24 MCM!year) in 2015. Water sources for
the years 2005 and 2015 are shown in Figs.- $4 and S5, respectively.



“Table $20 WATER SOURCES-AND QUALITY FOR ZARQA

SUM

Watcr Source _ Year 1995 2005 2008

L W) ) i)

Khaw (Za'atari, Kh'aldia, Halabat and Azeaq) * 340 # 938 (660) 555

Zanga 140 140 70

~ Hashemeyeh | | ) 150 150 - 75

 Awajan 30 130 65

Marhib I 1919 10

 Wells in Rusaifa (Phosphate, Huuccn Bass'xlecn ' 36 36 20

Rusaifa 18) S : .

Rusaifa valley wells _ - #-.(278) 140

Unspecified Ncw Source from West ‘;ldc - - 741
Total - 815 1413 1,676

* Current yield is 1,110 ¥s and the remaining is sent to Ammian.
# 938 is required either from Khaw totally or Khaw & Rusaifa valley wells in 2015,

B
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Toial'demand 1,413 Us :

A(

Water source

" Reservoir .
HARARIEH
. Pumiping Station O
"Fansmission SUKHNA
7 Pipe o
HASHEMEYEH WELLS
150
' ' ZA'ATARI, KHALIDIA
HALABAT WELLS
150
R71S BATRAWI % /
: -« b KHAW
- )
7 &79 / '
ZARQA WELLS AZRAQ WELLS
140 110 (588)
271 (647)
R650 Y
AWAJAN -
AWAJAN WELLS
¢ 130
R81S R750 .
s 0 RUSAIEA WELLS
P S 1 1278 (0)
. vie. S4

THE lMPRO\' “MENT OF THE WATER SUPFLY SYSTEM

THESTUDY ON.
- YOR TUE ZARQA DISTRICT

" WATER FLOW 2005
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Fotal dentand 1,676 Vs

‘ % ?Water source

] Reservair : _
' HARARIEH

° Pumping Station :
Transmission SUKHNA ' ?‘12
Pipe Ju) : '
- s o
g9 |HASHEMEYRH WELLS
. 75
- ZAATARIL, KHALIDIA
HALABAT WELLS
175
R71S BATRAWI
' l'J KHAW
s
“ 10 806 /
ZARQA WELLS AZRAQ WELLS
70 380
A
106
R&650
#} 10
AWAJAN ' 99
AWAJAN WFLLS
R815
RUSAIFA WELLS
. 140
AMMAN
741
T STUDY ON F'g 85
THE IMPROVEMENT OF THE \'..umsum'l y SYSTEM
FORTHE IARQ;\ MSTRICT WAI‘[‘,R F LO\V 2015
JAI.\;\J\!!HNQ!IO\’\LCOOPE RATIO\AGI-J\C& )J B
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7. WATER SUPPLY IMPROVEMENT PLAN

74 Development Concept

Prés'én_t water supply conditions in the Study Arca lag far behind the need. Per capita
consul’hplio'n is at a low level of 52 Ipcd. 30 % of the subscribers feel dissatisfied with water

_ 'supply services provided by WAJ because of regular rationing in 70 % of the service arca,

h:gh concentration of TDS and fn,quent nieter rvldmg CIrofs.

WAJ Zarc}a is facing the foltowing problems;
" 1) High UFW (including leakage) ratio
2) Shortage of water resources
3) Inadequate distribution system
4) Low qualily of existing water resources

For formulating the long term developiient plan, the followmg development con(:cpt is applied
in due consideration of the present conditions;

1) More Efficient Use of Available Water

2) Improvement of Water Supply Systen

3) Re-use of Wells with low Water Quality

4) System Expansion for Future

{H Mor: Efficient Use of Available W'lh,r
MOR, efficient and effective use of available water is sought since available rechargeable water
resourccs are quite timited in the country. H is planned to reduce the hlgh UFW ratio to the level

“of 30% by 2015 through the implementation of a rchabilitation program and routine leakage

control activities,

(2)  Improvement of Water Supply System

‘The existing water supply system is not well faid out because extension and expansion have

were made in response to a rapidly increasing demand without overall planning and
‘coordination during the pasl decades. Inefficient layout of puniping stations and distribution
network i is alypical.

1o’ make the water supply system more efficient, ruorgqmmuon of the distribution system i
planned mcludmg,

1) introduction of 1 new zoning systemy -

- 2) separation of distnbuimn pipes frotn transimisston pipe, and

3) optimization of pumping station layout mcludlng boosters, and reseérvoirs.:

8-31
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H Rb use of Wells

Rcsummg operations at wells whlch are out of operation due to the detulora(c.,d water quality,

will help ease the severe water shortage in Zarqa district. ’l]l(: criticat quality parameters are
TDS and NOy.  Water quality can be improved with appropriate treatiment, however, removal
of TDS requires the cos!ly RO nethod.  Blending with better quality waler is proposed to

minimize costs since fhese welts will again stop produchon when new TLSOIII'LE‘-S are prowded
1o Z’qu'\

{4) System Expansion for Future S
The improvement plan will sec to the cxpansion of the system to prepare for: future demand

increases. Preparation of the expansion plan will require consideration of the !ocanon of the

walet sources which will be t.hangmg over the planmng penod.

7.2 Rehabliitation Plan

(1)  Transmission and Distribuﬂon PiﬁeNet_wérk

The older and smaller diameter service mains are leaking. They were mostly laid in 1960s and
1970s and have been left without proper maintenance and repair since then.

In casc where the lehkagc ratio is high, replacement with new corrosion-resistant ductile iron
pipé is ustally more cconomical than repair. For pipeline assessment, a leakage ratio of 30%,
was set as a the threshold for pipe replacement,

"From the results of the UFW survey and the available information on pipeline rehabititation
carried out by WAJ Zarqa, areas and ]ii;}cs (mosll}' black steel ) are selected for rehabilitation as
presented in Fig. - S6 and smmimanized below, They were all installed in 1960s and have never

" been rehabilitated.



Table $21 SCOPE OF PIPE REHABILITATION

SUM

Name of Arca

‘Area (km?) or
Nos . of
Subscribers

- Length (m)

100 ﬁun
DIP Pipe
Length (m)

150 mm
DIP Pipe

63 mm
polyethylenc
Pipe
Length (n)

Hai Tiussein”
Zarga Camp &
~ Sukhma 800 subscribers?
e

Al Goarieych!)

LR 1 LR

- 0.5 km?

_2,800 m 1,100 m

TG00 m T 566 m

“Wesi Awajan

Shamali

"3 300 subscribers

: ‘..‘i.,’.-]..wui.ﬁ.......................

1700 subscribers?)

’3900 m

3000 subscribers

3,000 subscobers”

“Shennuter

Hai Al Hussein®)

6,600m

: SN 2510 1L S
- TETTTE250' m

a700md
.8400m%

Total .

17,400 m 75,000 m

13,100 m

I3 Itcontains ¢150mni in Abu Abdeh Sireet and Al Jazair Streel and ¢ 100mm in Al Ordon Street.
2) * T was assumed that around 709 of the tofal svbscribers are residing in old onunicipal eenter in Sukhna and

Hashemeyeh.

3} ltcontains w100mm black steet niains in Prince Hasan Street and Al Bokhari Stieet. _
4) Insmaller municipalities of Sukhna and Hashemeyeh, diameter of the existing distribulion mains is 100mm,
Therefore, 50mm service mains are considered appropriate.



SUM

To Beirein

FELRE

To Amm an -

!r
g

T gt ®,
&
x
]
<
-
2
&
i

,,} Shenmtlel

To Jarash /
AN

1 Sukhna

N o
N i
‘ﬁ\*’ 1
{“ 'c‘}‘ \‘:x
3 i
i Y

e AN

e
R
-~ o

To Balamd

b

CUAbal
% Ruasaifa Al Shamali 2

i

; iAI Aralfah &
E al ' Al Hussein

TIlE STUDY ON

Zarqa Camp &
j Janaa

[ i 2 Xem
e b=

P i
'._'~. .
1'.
Ve g, ;
)! + *
4 i}\ . ¥
#4 i~
P »
Rl (N4
o akd uﬁ,‘,:. s I

s To Khaw

o

E3 RAHABILITATION AREA

FOR THE ARQA DISTRICY

THE IMPROVEMENT OF THE WATER SUPPLY SYSTEM

Fig.- §6

JAPAN NTI-ZRNATIONAL CODI'ERATIO‘Q AGENCY

REHABILITATION AREA

$-a4




SUM

(2) House Connectlons

Housc connections have been replaced intensively by WAJ since 1990, But there are still a

number of okl deteriorated service pipc]inés lefl without repair.  These older service pipelines

‘are mainly 3/4" diameter galvanized steel. They are the main source of leakage. Therefore,

replacement of old connections which were faid in 1960s is also included.

‘“Table 8§22 NOS. AND ’LEN_(;TH OF HOUSE CONNECTIONS
| FOR REPLACEMENT

S AW A e, e
- | R ——
TGS s G e

Arca ' © " Number of Customer Melers  Length of Service Pipelines**

C32mmx 12km*
3w x 26km*T
Pmmx 20km
e
s A0k

Sukhna

: Hai A“]”“A}étrah & H‘é..iu..A..l.-.--m.-muu--. L L T v

; ESmm % 2okm T
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.

7.3 Improvement Plan
{1}  Re-use of Existing Wells

The Zarga wells cannot be used at preseat because water t;u'atity paramcters exceed not only the
permissible limits but also the maximum allowable limils due to the intrusion of polluted surface
water.

The effect of blending at Khaw pumping station is evaluated. The most scrious concern is TDS

~and it is assumed that existing values of 750 mg/t will semain unchanged in the future. TDS
values will exoeed the 500 mgA perniissible timit but are below the 1,500 mgd maximum
“allowable limit,

~ Simitarly, it is propbséd to blend water from Awajan wells with water from Rusaifa valley

wells (in 2005 and 2015) and from Khaw pumping station (in 2005).
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(2) Zoning

Ground clevations in the Study Area range from 500 m in Sukhna to 800 m in north Rusaifa,
The Study Area stretches approximately 20 km from Sukhna, ihe lowest point, to Rusaifa, the
highest point. Given this sange in topographical conditions, distribution of water to the Study
Area from one supply point is obviously not economical. Considering: the clévation and
distance, the Study Area is divided into 8 zones as shown in Fig.- §7.

~Although it will be necessary to lay transmission lines exclusively dedicated to coinecting
pumping station andfor wells with reservoirs, the cost is insignificant compared -to the

considerable advantages thentioned previousty.

Table §23 ZONING

Zonc Name Demand (/s)  Reservoir Name  Allitude atthe  Altitude for
in 205 _ reservoir () Served Arca {m)

CAREs THS (iew) L

Sukhna 27 - Sukhna (addition) . 500-535
Hashemeych 72 Hararich (new) 608 - 550 - 565
Awajan Low | 66 Res 640 (new) 640 . 550-610
Awajan High - 323 Awajan(addition) . 695 © 610660
Rusaifa Low 321 Res 750 (new) 755 660 - 720
Rusaifa High 160 Res 810 (new) 810 720 - 770

Totd 1,676 - | 500 - 770

(3)  Layout of Pumplig Station and Transmission Line

+ {1} Water Source _ _
“ The configuration of pumping stations and transmission lings is based on the location of the
water sotrees supplying Zarqa which will change over the planning period.

“Water from Hashemeyeh and Zarqa wells will be sent to the Khaw pumping slation. Simitarly,

water from Awajan wells will be blended with water from Khaw in the 'ncwiy constructed
: 'Awajan pumﬁing slation. Water from the Rusaifa valley wells will be sent to the Awajan
pumping station. ' '

S-36
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Water from smalt wells in the Study Area such as Phosphate, Hutteen, Bassatecn, Rusaifa 18
and Muihib wells will also be directly injected into the distribution system.

The layout for the years 2005 and 2015 is shown in Fig.- $8. Flow between Khaw pumping
station through Awajan pumping stations and the RES 750 in Rusaifa will reverse in the years
2005 and 2015. Directions in other transmission lines do not change.






To Beirein -

-..‘_._..- s

i

. i Arca

N
f‘x e

L] -‘\.ﬁ

H

. . H [
S_ukhna;i'-\.o""

Y

%

/ R
§ New Service §

@ Reservoir for High Zone
- Reservoir for Low Zone
“xn . Zone .

o . THESTUDY ON Fig-S7
FHE IMPROVEMENT OF THE WATER SUPPLY SYSTEM
FOR THE ZARQA DISTRICT Zoning Map
JAPAN INTERNATIONAL COOPERATION AGENCY

§-38




7 A

P
an

To Ay

7 3

Fo Jarush

To Beirein

o Itigh |
' Rqsaifa (815}

T b

7 NewSenive §
Arta

“‘-‘:_\____,.//4:7': "
N o TR

-

T

Ly {

H “,(‘\.. R

oo

¢ i 8
7 Sukhna; ™~~~

3

gt .,

]
.
[RRRaTS R PR

R

{7 High
%, Awajan

*

THE STUDY ON ‘
THEIMPROVEMENT OF THE WATER SUPPLY SYSTEM
FOR THE ZARQA DISE I_ll()’l‘

o i "\
Hashemeyeh -. ¢ J K

JAPAN INTERNATIONAL COOPERATION AGENCY

. . .
: POETT
n - H 3
. i ¢
: A

i

\:i: .

T

l"". s
h’éu Sen Iee
#OAtda

To Khaw

2 I

1
o TR PINEN

@ Reservoir for High Zone
e

Rescavair for Low Zone

Zone

big.- S7

Zoning Map

$-138



i . . :
AJINIOV NOLLVHIJLOOD TYNOLLYNUYLLNI NVIY [ gy

INFLSAS NOISSIASNVYIL ﬁ_ U " S s P ,
“. IDIALSIAVOUVZ IHLIOL - e T ——

| WELSAS X1ddNS HALVM THL 40 LNTATAOUIAY THY g S Ty

| - _

_

8S Sig NO AQQLS FHL S - : \.\ N RO uw\,s
g \.\c 4 H L

samena . w.oﬁm\_o&%w —-
MON o

$002

OVHeY OF

\ Lo .
\\ -1 - G \.

ot

N

A B

FAVIYVL O \

é
© youeaey £, 5 §
.
. Jl\..nw......lr..\‘. i

S$-3




SUM

(2) Transimission of Water to Distribution Zones
Water will be treansmitted to the following distribution zones: -

1) Hashemeyeh and Sukhna Zones
2) Zarga High and Low Zones

3 Awajan High and Low Zones
4)  Rusaifa High and Low Zones

- Operation and maintenance can be facilitated by minimizing the number of pumping station.

However, minimizing pumping stations is obviously not cconomical in thé Study Area since
elevations range from 600 m to over 800 m ang most of the demand is concentrated in the low-
elevation areas. Therefore, two large pumping stations (Khaw and Awajan) and two small
booster pumping stations (Batrawi and RES750) are proposed as shown in Table below.

Table 824 PROPOSED PUMPING 'STATIONS

Zone o ma20s | In 2015

Luqa High Boost from Batrawi (Zarga Low)

Zarga Low ' ' " Pump fror Khaw P/S

Sukhna - | Gravity from Balrawi

Hasheineyeh ‘ L ~ Gravily from Batrawi _

Awajan High B Pump from Awaym P/S " Gravily from Rusaifa Low:
~ Awajan Low - Grawly from Awwym High

Rusaifa High - | " Boost from RES750 (Rusaifa Low)

RusaifiLow | . ° Pump from Awajan PIS | From Amimanside

In the above layout, Zarga pumping station no longer functions as a booster stalion. Water

from the Khaw pumping station to which Azraq, Hallabal, Khaldieh and Za'atari water- s
‘ conwyod is pn,senlly pumped to the older Zarqa pumping station. The clevation at the Khaw
o puiping station is higher (han at'the Larcn pumnping station by about 30 m. ‘Therefore, the
largest supply poml ‘of Zarqa’ pumping station which is in the Zarga wel!s are at present merely

re- boostmg water to Batrawi reservoir, This unnccessary pumpmg can be avoided for eneegy '

: saving. For year 2015, water is better conveyed by gravity from Rusaifa 750 r_;servmr lo Zargqa -
~ pumping station instead of through Khaw pumping station. 'However, its transmission ling is

difficult to be laid in the central Zarga area. - Therefore, the above layout is proposed even
though it is hydraulically inferior.
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"In general it is better to maximize:the use of existing facilities to miniinizé investment: costs.

Pipes usually have alonger service than pumps (10 to 15 years). Thercfore, efforts were made

to ulilize the existing Khaw - Amman pipeline. - However, WAJ indicated a prefereice to have
 this line rehabilitated and we have accordingly prepared a plan to nicet this requireinent.

The best alignment option is the shortest 'route with an altitede lower (han the required hydraulic
profile. This al:gnment is along the cxisting Khaw - Amman line to the Awajan offlake and
further along Yajouz rodd to Rus'uh ' '

Fa‘cilitics are sized against the maxinium daily demand as follows:

Table S25 PROPOSED PUMP FACILITIES

From - To - . U.nit Flow Head Unif - Number

(m3/min.) (m) . Power . (set) *
_ (kW)
~ Khaw Batrawi Res 97 77 310 6
“..i.j;.i.t“l:éi‘i;i-“h“h.““ﬁléus.l-'lj'i.‘S'Il(z;;j:aﬁhl[:]"iéﬁl}“.“?“-'-“h“ . 2.7 i -g-_?i.n-..-...u...u.,.-_-.‘:n.... .4...-.....“-....v.,....-...-..u.:i...n..

E——— T
e T
RSO RS SISy~
R G o

¥ Including one staadby

Table $26 PROPOSED TRANSMISSION FACILITIES

_ _ ' Diameter (nmn) . Length (m)
1. Khaw - Batrawi ' 800 - 7,900
2. Batrawi - Res 715 400 2,200
“3. Khaw - Junclion Tank 500 8, 100
4. Junction Tank - Awajan P/S 400 4,100 -
5. Awajan P/S - Awajan 695 Existing (600) 2 000
6. Awajan 695 - Res 640 200 ' -800
7. Awajan P/S - Res 750 - 500 . - - 6,600
8. Res 750 - Res 810 400 - LBOO
9. Batrawi - Hashemeyeh 400 ' 100 -
o 300 S 12,300
L | 250 1,900
10. Hashemeyeh - Sukhna 150 ' ' 6,800
' 1200 - 1,000
L. Hashemeych - Khaw (for blending) . 400 5,700
12. Zarqa - Khaw {for blending) ' Lxlslmg (400) - 8,000

13. Rusaifa valley ~ Awajan £S {for blending) : 22,900

LN
R ¥
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'{4)  Distribution System

(1)  Pipe

© Once the transmission system is planncd, then the distribution systen is designed.

Almost every customer is équipped with a roof tank and these will likely be in use even in

- 2015. Thércforc, the available head in a 4 story house is 10 to 15 m. A head loss of IS mis
~added for the size and length of the service lines which are lypiczﬂly 50 mmn or 25 hun.
: Fac‘ilities are not sized against the miaximum hourly demand. Instead, iticy are sized for the
- average hourdy deinand because of the existence of roof tanks. Based on the above conditions,

a hydraulic nciwork analysis was conducted to determing the size of the facilities. The
proposed distribution pipes are shows as follows:

Table 27 PROPOSED DISTRIBUTION PIPE

Diameter (imn) . " Length (m)

600 : 9,300
500 - 600

400 9,300
300 6,900
200 6,600
150 13,400
100 9,100

(2) Reservoir

Reservoir capacily is sized to balance diurnal fluctuation. It is usually sized for 6 to 8 hours in
Japan.- Recen(ly,j Japanese standards were upgraded to allow additional water storage for
emergency situations like imajor pump failures. In Jordan, where houses have rooflop storage
tanks, the storage requirement can be shortened to 8 hours. Total capacity in all reservoirs are,

therefore, about 50,000 m3 (=145,800 m¥day x 8 hours). This figure is allocated to cach zone
according to the demand.

Table §28 RESERVOIR CAPACITY

Required . Existing  Additional

- Zone Name ' - Reservoir Name Capacily Capacily - Capagcity
Zarqa High - “Res 715 - 4,000 - 4,000
Zarqa Low - Batrawi 695 17,000 4,500 12,500

- Sukhna - Sukhna 1,600 * . 1,000

 Hashemeyeh Hararich 2,000 * - + 2,000

- Awajan High Awajan 695 10,000 4,500 5,500

- Awajan Low o - Res 640: 2,000 - 2,000
- Rusaifa High -~ Res 815 _ 5,000 - 5,000
‘Rusaifalow Res 750 10,000 - 10,000
Total L ~ S1,000 9,000 - 42,0600

* Fxisting reservoirs will not be wsed due to low elevations.

S-42°
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7.4  Operation and Maintenance Plan |

Reduction of present high UFW is urgé.ully requiréd in order to 'cns‘urc"im adequate éu’ppl_y" of -

water, To reduce UFW, a number of operational and management within WAJ Zarga must be
reinforced. '

744 l.eakége Control Plan

‘The tepair works that WA Zarqa are carrying out, are father passive ones. A inore aclive

cohtrol progeam is necessary for the effective reduction of the leakage from the pipe network. -

The proposed plan is to organize a leakage control team directly under the Adniinistration of
WA Zarga. The team would consist of 3 leakage detection sub-teans; 6 repair sub-feams, one
design and rccarding' sob-teant and onie equipment control sub-team.  This team would be
headed by a leakage conirol imanager and the unit would have the following stafting levels.

Table $29° LEAKAGE CONTROL STAFFING

Sub - Team " No. of Technicians ~ Staff & Clerks Workers
_ Sub = Tean B ‘
i Leakage Detection 3 3 3 6
2-  Leakage Repair 6 6 6 30
3 Design & Recording i 2 4 0
4 Equipment Conlrol | | 3 0
Total i4 12 16 h 36

- A direct sounding method woutd be used for leakage detection and supplemented by installing
flow meters ot strategic points to provide district metering in an cffort to identify priority arcas.

7.4.2 Legal Enforcement and Protective Measures

In 1994, 146 illegal connections were identified. - Their cost in lost revenuc to WAF was JD

13,000. This appears to be only the tip of the iceberg. ‘To prevent illegal conncetions; the

proposed leakage control team is expected to collaborate closely with the Subscriber
Deépartment. ' '

Tampering with water meters sceins to be another major cause for high UFW. To prevent this,

it is recommended that subscribers melers be celocated 'fro‘lﬁ-ihsidé house to the yard and
installed inside asealed metee box. Legal enforcement should iaclude htgh fines and penaltics.

$-43
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743 Im’provemént of Meter Re'adi'ngi and Bill Coliection Procedure

Meter reading errors is a scrious source of customer complaints in the Study Acea. To cope
with this, rectuitment and training of qualified meler readers who can judge metér performance
is urgently required. '

For more efiiciént meter reading, the following improvements are required:

(1) Pr‘e’p&"re_ subscriber location maps with dn adequate scale of 1:4,000.
(2) - Simplify present billing zones. |

(3)  Lease contract fof meler reading and billing

(4)  Periodical shift meter readets io other billing zones.

At present, il takes 2 months or more to collect bills including meter reading. This process can
be shortened by introdicing monthly bitling to large COnsuiCrs. Accordingly, a bill colleciion
tearit should be organized in the Subscribers Department es pecially for large consumers to issue
‘monthly billing and collect payments. To shorten the time for bill collection, payment through
the bank is recommended with some incentives for paying on time. Through introduction of
this payment method, meter readers can concentrate their time on meter reading.

7.4.4 Strengthening of OM Orgdnization

Operation and maintenance works at WAJ Zarga ar¢ being conducted relatively well under the
present institutional framework. However, due to rapid and random urban: development
without planning during the recent decades, the water supply facilitics “are not being
systeiatically installed, which makes it more difficult to introduce operational and naintenance
efficiencies.

WAIJ Zarqa is now facing the following problems:

(1) lackof equipment for repair and maintenance works.

() - lack of qualificd technicians and manpowes

(3)  poor regulation and control of urban development, and tack of coordination wilh -
- other agencics concerned.

Mitigaling the first problem requires an inventory survey of existing machines, cquipment and

materials with identification of their location. Based on this inventory list, a basic inventory
- management system cah be introduced.
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~ Solving the manpower problem; fequires recruiting and training qualiﬁed 'Klechniciimis “for
electric and mechanical works. “Fraining progranis should also be designed to mect the needs of
~ existing staff. Recruitment of eakage control engineeis scems an urgent priofily

Financial management needs to be strengthened in WAJ Zarga. A cost _ﬁécdunling system’

should be cstablishcd in order to p!an and manage cost disbursenient. The decentralization of
WAIJ is now being phnmd with spccnal cmphasis on-the cost accoummg :md asseis
management functions.

The lack of integrated planning is the most important bul'dif_ﬁ'cult problem to tackle; since WAJ
is not responsible for the land use and its development. Better coordination with the related

goveinment agencies can be achicved by es!abllshmg an mtcr agency planning comiitee with
regulatory aulhomy to oversee urban dt,valopmem

7.5  Implementation Plan And Cost Estimate
7.5.1 implementation Plan

The improvement project will be imptemented in two stages:
Stage I:  With'a target year of 2005, the Stage | Project plans to implement
- rehabilitation works, installation of trunk mains with associated pumps
and rescrvoirs and rationalization of pipe network

The “Urgent Project” is to be imp}cmcnlbd with a largel year of 2000.

Stage2: -~ Witha target year of 2015, Stage 2 Project plans to implement expansion
of the necessary facilities such as pumps, reservoirs and pipe network.

To improve the present crucial water shortage in the Study Area, the “Urgent PrOJca" will be
* implemented within the framework of stage I :

The implementation schedule for Stage 1 and Stage 2'is ﬁreparcd bearing in mind that water
supply for the targel year is realized 2-3 years in advance as presented in Fig.- $9.



7.5.2 Cost Estimate

* The estimated project costs are US$ 85 million as broken dowan below

SUM

Table $30 ESTIMATED PROJECT COSTS

(Unit: US$ 1,000)

o (T

- Stage - 1

Stage - 2

~ Total

~ Rehabilitation Works |

Land Acquisition
Construction Works

- Transmission Pamps
- Transmission Pipes

- Service Reservoirs

- Distribution Pipes
g

: Engincering Costs and Adminisiration

Costs:
Physical Contingency

9,767
330

4,684
15,935
13,862
16,446

5,416

5,991

341
3,007
8,702

1,985 .

9,767
330

10,675
16,276

6,865
25,148

7,401

Total Project Costs -

63,000

22,000

85,000
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8. INITIAL ENVIRONMENTAL EXAMINATION
84 Guldelines for Initial Environmentat Examination

According to JICA's policy on' environinental examinalion for international coopetation
projects, IEE (or EIA as required) shall follow the environmental guidctines of the host country
as far as possible. [In Jordan, a draft of the Jordan Environment Act was prepared dnd

~ submitled to the Miriisfcrbf Municipal and Rural Affairs & the Environment in 1992 as the first

step of the National Environmient Strategy for Jordan. However, the Act is currently following
the review and approval process. '

In the absence of suitable guidelines, JICA Environimental Guidelines JICAEG) are adopted.

Based on JICAEG, the major bnﬁ_romnénla] clements to be examined for water supply projects
are as follows: _ '

(1) Soci at enviconment.

(2)  Natural environment,

(3)  Pollution. -

8.2 Environmental Examination Matrix

An environmental examination matrix (EEM) is a useful tool for a brief screening of a project’s
environmental impact. ‘The components of the matrix include project activilies and the above

‘environmental elemients.

Construction/rehabilitation and operation of the following facilities are included in the project

activities.

- Pumping stations
- Reservoirs or water tanks
- Transmission and distribution pipes

Table 8.1 shows the FEM for this project.  All the environmental elements are screened with
reference to each of the project activities.

As indicated in the table, in the construciion phase of the pumping stations, reservoirs/ water

tanks and transmission/distribution pipes, the impact on the following environmental elements
cannot be ignored and need to be examined further.
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- Réselticment

- Fconomic dctivilics

- Trafiic and public facilities
- Archacological treasures

- ‘Solid waste

- Noisc and vibration

- Watér pollution

In the operation phase of the project, the problem of iicreased sewage volumes will be
¢vatuated. |

8.3 Examination of Selected Environmental Elements

(1)  Impacts to Economic Activities

Improvement or expansion of the water supply system will intensify fand use and may increase
the land vatues which coutd in tum squeeze out existing tenants or lower income houscholds.

(2) TImpacts on Traffic and Public Facilities

Construction work in this project is small scale.” However, most of the transmission and
distribution pipes are located under existing roadways. During’ the construction, traffic
regulation or in some case construction of temporary detour roads will be required.

(3) -Archaeblogical Treasures

According to the data from the Institute of Archacology and Anthropology, there are about 300
archaeological sites. Before planning the pmmping stations and reservoirs/ tanks, a detailed
suevey of these archacological sites should be conducted with the coordination of Jordanian
agericies of inslitutes for archacological study and managenkat. * Appropriate measures should
be taken to protect archaéologica] treasurcs from any negative impact from the construction
work.

(4) Solid Wastes, Noise and Vibration
Solid wastes will be generated mainly from the earth works for pumping stations and rescrvoirs

and from the excavation for pipeline construction.  However, most of the wastes wilt be used
as- backfill. Bxcess solid wastes from the consiruction site will be transported to the

surrounding landfitl area.
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During the construction of this project, the noise from such machines-as air compressor and
concrete blender could reach levels of 70-75 dB, which shoutd not cause any serious prdbiclwls
if conducted during day time. Once constructed, noise levels fro:ﬁ the oper'atihg facitities will
be negligible.

Vibration will have a very small impact since the major facilities will be constructed on rock

foundation.
(5) Sewage Increase due to the Improvement of Water Supply
In the Study Area, about 58% of the 'pdpulation is-sciviced by the public scwagc' collection

sysitei. Thosé who are not serviced rely on septic tanks. Increases in scwagc'voluﬁws could
aggravale the water qualily of river and the groundwater. These effects will be further studied
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 PART H|. FEASIBILITY STUDY

1, _l‘NTRbDUﬁC‘ﬂON

1.1 Background

Following the formulation of the long-term (master plan) plan, we have conducted the

feasibifity study for the first stage prograni- with a target year of 200S. Tiie first stage program
“is ohe of the two “staged” programs proposed in the Long Terin Development Plan.

12 StudyArea

“The Stidy Areais Zarqa district, same as in the Lorig Term Development Plan. Zarga District

is situaled 35 km northeast of the capital, Aminan. It includes the urban areas of Zarqa
municipality, Rusaifa’ mupicipality, Hashemecych municipality, Svkhaa municipality and
Shennuler refugee camp. The Study Area covers 90.5 kin?,

The population of the Study Arca was 534,674 in 1994 and grew at 1.9 % per year on average
during 1979 - 1994,

1.3  Objective

In the master plan, the following issues were identified to be resolved;
- High UFW (including leakage) ratio,
- Inadequate distribution system
- Shortage of water resources, and

Low quatity of existing water resources.

1

1.3.1 Reduction of UFW

Scarcity of watcr 'resources will continue to be an important constraint to the development of
water supply systems 'thrbughou’t Jordan at least until the targel year 2005. This constraint also
controls the development of the waler supply system in Zarga. Large efforts have been made to
solve the problem of scarce water resources including: 1) developing additional water

: rcsoufces, 2) rationalizing water allocation :inwng the domestic (municipal and industrial) and
 the agricultusal sectors, 3) rationalizing water usage within the domestic sector elc.
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* The development of new water resources has been slow because hydrotogical potential is small
and high marginal cost. The peace teeaty between Israel and Jordan in October 1994 has paved
the way for additional water resources. Various studics are underway to dctcrmmc how 16 best
utilize the new water resources. Water shostages will not be eliminated within (his century even
projects to develop new water resources could be started now since project implementation will
usually take approximately S yéars Water shoitages might bcgm to be alleviated by 2005
judging from the various studies now in progn,ss

Bven with new sources of water, shoriages inay continué to bea pfoblénﬁ‘dcpcﬂ’ding upon how
the produced water is utilized effectively and efficiently within the distribition systems. If the
current leve! of UFW fatio of more than 50 % is not decreased, it can be said that new waler
resources are being developed only to be wasted. Recogaizing the importance of UFW, WAIJ
has been expanding rehabilitation programs for vasious. cities including Zarqa, aiming at
reducing UFW ralio_although the most important but tedious active leakage control measures
have not yet been exercised tegutarly. Leakage control imeasures are the only solution to
‘mitigate water shortages until additional water resources are allocated 1o the Zarga waler supply
.syslem sometime by the target year 2005,

1.3.2 Zoning System

To supplement the above leakage contrel measures, a zening system will be implemented to the
“Zarqa water supply distribution system in order to :1) avoid excessive water pressure which is

onc of the causes of leakage and 2) distribute water cqually to each pait of the Study Area.

Equal disteibution is important because additional water snight not be available by the target
year. In order to facilitate the zoning system, trunk facilities such as transmission lines,
pumping stations and service reservoirs will be provided,

1.3.3 Utilization of Existing Welis

Efforts are made to use -the existing wells within the Study Area as much as - possible.
’ Unfonumtcly, walter thty in these wells is not good due (o their proximily to she upper
aquifer system, Hence, blending with the better quality water from oulsml_c the Study Area is
proposed although this will require long-distance transportation of rthc raw water ',to the blending
stations,
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“The population and the water demand of the Study Area are estimated for the years 2008, 2015

One of the umque featurcs of lhc Zarq:'. dlslrlbunou syslun is (hat the location of lhc water
'sources will gmdually ch'mgc due to the scarce water resources. At present water resourees
came from within the Study Area and from the east. Gradually, from around 2005 additional’
water will come from the west. Thezefore, the tayout of the distribution system needs to be

conﬁgurcd to accommodate thts change. This is why projections for the year 20{)5 are also

included.
Table $31 PROJECTED POPULATION IN THE AREA

' _ (Pecrson)
Municipality . /year 1904 3600 3005 013
Zarga | 344,524 406,600 460,000 577,500
Sukhna . 9,764 12,600 15,300 20,600
Hashemeyeh 13,038 17,200 20,900 28,600
Rusaifa = 131,130 165,900 195,200 252,300 -
Shennuller Camp 36,218 42,500 47,900 59,500
Totat 534,674 644,800 739,300 938,500

Source: JICA S{udy Team

1.4.2  Water Demand

The present unsuppressed per capita consumption 70 Iped (dry pcriéd) will uniformly increase
to the tasget values of 75 Ipcd in 2000, 80 Ipcd in 2005, 85 lpcd in 2010 and 90 Ipcd in 2015,
The table below presents resulis of annual water demand forecast:
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Tablé §32 WATER DPEMAND

“Year : ' - 1994 2000 2005 2010 - 2018
“.,POP"?E'“O“ . . SM674 614800 739200  $32300 938,500
Accounled for-Water (m‘lday) 37,400 48,4007 759,100 70,700 84,500
e pedY 70 TS 80 88 90
t{;}accoumed-for (m‘ldqy) 900" 44,7007 48007 8,800 36,200
ater _ _
i %) ... A% 48% 42%  36%  30%
Average Water ""”(myd{);)' 81,000 93,000 102,000 111,000 121,000
Consumption - : [ S S I
(‘Pcd) SRR 2 SRR L SOUET. .. SOSRIPIN SIS 3
Peak Factor : o _ o
 (daily max fdailyavey - - - 120 - 120 120 120 . 1.20
" Maxnmim Water (m3lday) T97,000 7 112,000 122,000 133,000 145,000
Consumption - 7 : : . .
(pedy 181 174 165 160 1SS
CAnnval Water - (MCM/ 296 339 372 40.5 442
Consumption YCAr) o

1.4.3 Water Source

Water sources curcently used for Zarga are classified into theee groups:
1} Own resources such as Zarga, Hashemeych and Awajan wells which arc produced and
consunied in Zarqa. _
~ 2) #mported resources such as Za’atari wells which are produced in Mafraq 'md used in
Mafraq, Irbid, Zarqa and Amman. ,
3) Common resources such as Azraq, Halabat and Khaldia wells which aré produced in
- Zarga and consumed i Zarga and Amman.

The above waler sources are in shortage even at present, 3 appropriate measures for new water
resource development are not advanced, the water shortage in the Study Area will soon become
MOre SCrious.

WAJ has been planning for additional water resources devclopmcnt o meel thie deimand for the
apl!'d Amman and the whole coun[ry These additional water resources dre expectc.d to come
from the west and south and their location will influence the future arrangement of the Zaiqa

walter supply system.

These additional water resources will probably not be available until the casly 2000°s. When
they do become available, it is assumed that part of the water resources from Azraq, Za’atai
ete. to the east, which is now sent to Amrivan, will be diverted to Zarqa, provzdmg upto 938 Is
{30 MCM/year} in 2005.
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After the target year of 2005, further water sources will becomo available. Based on the water
balance for the whole of Jordan, available water cescurces will be adequate and cxisting sources
can reduce their production by half in order to avoid deptetion. Therefore, exported resources
such as Ruseifa valley wells will be dedicated to the exclusive use Zarqa.- Additional water will
come froi the west. The amount from the west will seach 741 s (24 MCM/year) in 2015.

Table $33 WATER SOURCE AND QUALITY

@ _ : C . Year 1995 2005 2015
Water Source ' ' C © o {I/s) (If3) . (Us)
Khaw (Za’atari, Khaldia, Halabat and Azaq) * 340 # 938 (650) 555
Zarga T 140 140 70

Hashemeyeh : ' 150 150 175
Awajan ‘_ | 130 130 65
Murhib 19 19 10

- Wells in Rusaifa (Phosphate, Hutteen, Bassateen, Riisaifa 18) 36 30 20
Rusaifa valley wells - - (278) 140
Unspecificd New Source from West Side - - 741
Total 815 1,413 1,676

* Cureent yield is 1,110 Vs and the remaining is sent to Amman.
is # 938 is required either totally from Khaw or Khaw and Rusaifa 4 in 2005.

2. PROJECT DESCRIPTION

The projects identified in this feasibility stﬁdy and outlined in the Long Term Development Plan
" as the first stage program are presented in Table S34 and Fig.- S11. -
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~ Table $34 FACILITIES FOR THE STUDY

Target

acahly

Size

' z'I) Rcduclion of UFW

Replacement of Distribution Pipe

Replacement of Service Pipe and Meter

Creation of District Metering Anca

150 mm X 17.4 km

100 mim X 75.0 km
S0 mm X 13.4 km

12,700 meters

20 mm X 140 km

25

2) Zoning Syslem .

- Tmns;mssion Pipe

"~ Pumping Station

- Reservoir

_ Distribution Pipe

“Rbaw S BatawiRes

Batrawi Res - Res 715§

~ Batrawi Res - Hashemeyeh offtake

Hashemeyeh offiake - Hafarich Res
Hashemeyeh offtake - Sukhna Res

Khaw P§ - 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, Hararich and
Sukhna

Khaw Pump for AwajanPS

Batrawi Pump for Res 715

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

.. Rusaifa Pump for Rusaifa 815 Res

Batrawi 650 - Expansion
Res 715§ - New
Hararieh Res - New

"Sukhna Res - New

Awajan 695 Res - Expansion
Awalan 635 Res - New
Rusaifa 750 Res - New
Rusaifa 815 Res - New
Rusaifa 815 - Schneler
Rusaifa 750 - Rusaifa

Being revised

800 mm-X 7.9 km
400 wm X 2.2 km
400 mm X 0.1 km
300 mm X 2.3 km

250 im X 1.9 km

200 riaim X 1.0 km

150 mm X 6.8 kin

600 mm X 122 km _

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

600 mm X 6.6 km

‘_““400 mhi X 1.8 km o
9.7 m3r'mm X 7 m X ’%lﬂ kW X 6

‘4.1 m¥min. X‘?QmX IEKkW XS

27 mfmin. X 8T m X 75 kW X 4
54 m3fmin. X 121 m X 220 kW X 5

44 m3/min X193 mX290kWX6
A2 Imm X7153mX 'H kWX4 .

12.500 cub:c imeters

© 4,000

2,000
1,000
5,500
2,600

- 10,000

5,000
4,600
1.700

.3) Utilization_of Existing Wells

- Collector Plpc Zarqa well - Khaw PS Existing (400 nim)
Hashemeyeh - Khaw PS 250 mim X 5.7 km
Awajan 23 well - Awajan PS Existing
e s Rusaifa yalley wells - AwajanPS S00mmX29km
- Pump Zarga well - Khaw PS 30 m’*fmm X150 m X 150KkW X 1
Hashemeyeh - Khaw P§ 3.0 m3/min. X 150 m X 150 KWX 1
i RuUSAIfa yalley wells - AwajanPS  Bxisting -
- Collector Tank Awajan PS - New 5,000 m3
Khaw P§ Existing (12,000m3)

PS: Pumping Station

Res: Reservoir
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3. ORGANIZATION AND OPERATION & MAINTENANGE
3.1 Project Implementing Organization

For the successful implementation of the Stage 1 Project, a Project hmplementing Office (P1O),

headed by a Project Manager (PM), will be organized under the Sceretary General for Project of
WAL - o |

The Project contains ¢ivil works for rehabititation and expansion, which are considered slightly.
different in’ hﬁ(urc. It is therefore recommended that two tcains, Rehabititation tcam and

Expansion team be organizcd under PM. Bach team consists of staff and engineers for
inspection, design and construction administration. They will be mobitized from WAJ Zarqa
and/or WAJ head office. ' -

“For assisting with design and construction supervision, engineering consultants witl be

employed throughout the detailed design to construction stage.

Contractors selected through internationaldocal tender, will be involved in the construction
works under the supervision of P10 with the assistance of consuitants.
The organization for project implementation is presented in Fig.- §12,

3.2  Operation of The Completed Facilities

Without proper operzi(ion and maintenance all efforts made at the planning, 'désign and
constraction stages lo achieve cost efficiency and ‘maximize effectiveness of the designed
- facilitics will be in vain. Therefore careful attention is given to all WAJ. operational aspects.

As described in the Part I Long-term Dévelopment Plan, WA Za:qa has a very limited nunber
of qualified engincers and experts. However, WAJ Zarqa staff have acquired a certain level of
skills and technology particularly in the ficld of operation and control of pumps/valves through
the long term operation of the existing water supply system.

Portunately, facilitics proposed under Stage 1 Project will not require many special skills for
operation. The required skill sets will be similar to those already used for ‘operating and
maintaining the exisling system which consists of pumping stations, several reservoirs and pipe
network. o '

Stafling levels required are estimated below:

£Tn
B E



LE
wE s

SUM

~ Ministry of Water
- & Irrigation (MOWI)

Minister

~ Water Authority of
Jordan (WAJ) -

- Secreétary General

Assistant Secretaty
General for Project

PROJECT IMPLEMENTING ORGANIZATION

Project Implementing
Office (P10) |

Project Manager -

e

——

d — Consulfant

Rehabilitation Expansion
Team Team

-~ WAIJ Zarqa
GOvemoratc ,

Contractors

. THE STUDY ON

| THE INMPROVEMENT OF THE WATER SUPPLY SYSTEM

FOR THE ZARQA DISTRICT

JAPAN INTERNATIONAL COOVERATION AGENCY *

v sz

~ Project Implementing
Organizalion

e




_ SUM
Table $35 NUMBER OF STAFF REQUIRED FOR PUMP OPERATION |

_ Supcriniendent Mechanica! Electrical ' Total
Khaw A R 7X 3 shifis T'X 3 shifts 10
Batrawi ' - I X 3shifis ‘1 x3shifts 6
Awajan 1 2 x 3 shifts I x 3 shifts 10
Rusaifa - I x 3 shifts I x 3 shifts - .6

_Total | 2 I8 12 32 pers.

FFrom the above table, it is reconymended to. recruil qualified staff particutarly in the field of
electrical and mechanical engineering and provide appropriate training.

A telemetered supervisory syslem is proposed for monitoring pumping slations, reservoirs and

pipe network, This new system may not require any special skills. Logged data such as flow

rate and water levels at the reservoirs will be read and transmitted to a cenlral station (Khaw PS)

where relevant data will be displa)&:d_ on a monitoring panel. ~This system will reduce the

required number of operational staff particularly at reservoirs.

The requirement for operational staff will be further reduced by abandoning Zarga pumping
 station and several small booster stations, and establishing continuous water supply throughout
the service arca ' '

3.3 Leakage Contro} And District Metering

-3.3.1 Leakage Control Measures

WAJ's éurrcﬁ»i' practice for leakage control is characterized as passive one. Upon leakage found,
‘a'survey crew organized under Operation and Maintenance Department repairs the leak with
imited equiplhcm and materials. Active leakage control is the most urgent and recormmiendable

measures (o reduce the unaccounted-for water.

WA Zarqa has a considerable lack of skills and equipment for leakage control. To overcome
this situation, a leakage control tcam will be organized andet the Administration of WAJ Zarqa.
The team will conduct active leakage control on a routine basis. Its proposed organization, staff
levels, equipment requirenients and a tentative survey scheme s drawn up and described as
follows: '

1) Organization

The team, headed by one leakage control manager, will be responsible for leak control activities
in the whole seevice area of Zarqa District. * The team will consists of 3 feakage control sub-

S -6l
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teams, 6 leakage repair sub-teaims, one design and recording sub-tcam and one equipment

contral sub:team with the following niumber of staffs and technicians:

“Table $36 LEAKAGE CONROL ORGANIZATION

Sub-Team _ No. of Sub-Team - Technicians  Staffand Clerk - Worker
Tcakage Detection 3 3 3 0

" Leakage Repair 6 6 6 30

- Design and Recording 1 2 4 0

_Equipnent Control ] i 3 .0
Total | 1 12 16 36

(2) Materials and Equipment

Survey equipment currently available at WAJ Zarqa includes several sets of portable ultrasonic
flow mieters, pipe locators, leak detectors, leak noisc corcelators, ete. which were used under
the current study. They stiould Have a useful tife of § - 7 years atleast. Therefore, it is more
urgent to be provide materials specrﬁcally required for leak repair such as pnpc cutlers,

couplmgs leak repair bands, boring (lapping) machines for bmnchmg, branching saddles and
survey vehicles. All of the above will be purchased under the Stage 1 Project.

(3)  Operation Scheme

Leak detection will be practiced twice a week by WAJ staff during night shifls. Work will
progress af the maximum rate of 1- 2 km pipe length/night.  Hence, 300 km (= 50 weeks x 3
teams x twice x 1 km) of distribution pipe will be surveyed in one yeai. bt should take 2 years
to cover the whole service arca. At least three cycles of Jeak deteciion will be required to
achieve l_hé target UFW ratio (30 - 409%). Although initial lcakage control activities may be
completed in 6 years, it is recommended that WAJ exercise leak detection on a continuous basis
and periodically review it’s activities to plan the scope of future leakage control programs.

“@ Others

Mobilization of staff is vrgently required to organize the leakage control team. Technology for
teakagé control wilil be gained through training.

3.3.2 District Metering

To supplement the above plan, metered districts will be established in the service area.
Objectives of district melering are (o measure inflow rates and fluctuations in the designated
areas, to carry oit step lesling periodically and to obtain the lnsuc data and information required
for defermining pnonty amas for leakagc control,

862
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To this end, demarcation and number of the district metering areas dre provisionally deterinined
mainly from the conhguratlon of the existing pipe petwork and lopognphual fe’nturcs of the
arca. A total of 25 meter districts will be formed: in the eight (8) dismbutu)n zones of the
service area.

District metering will require the installation of flow meters on the inlet mains to each area. The

flow meters will be of the mechanical type with an indication of the iniégf’iléd flow rate. -Mter
readings will be l'ﬂ\en at the sanie time of the day by WAJ staff cvery three monlhs at least and
prufcmbly every month

The accuracy of (hé flow melers used for district metering is obviously important. Portable
ultrasonic flow meters may be helpful for calibration. Annual catibration is recommended.

: The measurements obt'uncd should be used to detcnmm the total qu’mhty ‘of water eitering the
" mieter areas.  For each area, comp'mson of this quanuty with WAJ consumpfion reccrds may
- provide useful information on where le ’tk*xgdUFW arc dominantly taking place. ThlS

information will be most useful in developing leakage control policies for Zarga District.

In order to collate this data with customer meter reading records, current meltering and billing
zones established by WAJ Zarga will be rearranged to match the metered districts.

3.4 Improved Accounting System

To improve operating efficiency, WAIJ is p_l:uining to decentralize.  Most of the functions

carried oul by WA} Zarqa arc now under the control of WAJ headquarters.  With respect to |

financial maiters, all the bills collécted by WA Zarga are remitted to headquarters and managed
there. All WAJ Zarqa budgets are also controlled by headquarters.

WA} Zarga only controls’ minor cost items such as wages for daily workers, local
teansportation costs, cquipment and spare paris less than the designated amount (inax. JD 500).
Most of the operating costs mcludmg s'dancs of staff, elecmcny, chlormc nnchmcry,
eqmpmcnl ctc. are being procured or paid for by hcadqmrters Under the cmumstmxccs, cost
accounting cannot be mu_oducul which causes less efficient opcrallons al WAJ Zarga.
Facilitation of decentralization scheme is urgently required in order to introduce cosl accounting
in WA Zarga. |

S$-63.
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4. COST ESTIMATES

The project cost for Stage | is estimated as follows and is broken down into forcign and local
currency components at the price level of September 1995:

Table $37 PROJECT COSTS FOR STAGE 1
(Unit:US$ 1,000, 1US$=0.7J13)

_ ~ ltems - FC LIC Costs .
Rehabilitation Works - 8,870 o897 19,767
Land Acquisition - 330 330
Construction Works
- Transmission Pumps ' 3,241 1,443 4,684
- Transmission Pipes _ 10,698 5,237 15,935
- Servicé Reservoirs : 1,545 2,317 3,862
- Distribution pipes - 10,903 5,543 16,446
Sub-total 26,187 14,540 40,927
Engincering and Administration 5,510 1,050 6,560
Physical Contingency _ 3,833 1,583 5,416
Total Project 44,600 18,400 63,000

5.  IMPLEMENTATION SCHEDULE

The iiilpl_cmenmlio'n of the present project is carefutly planited and arranged for the purpose of
satisfactory execulion taking into considezation the present conditions for the on-going projects,’
including contractors, procurenient of construction materials and labor force the manner of

procurenicit of water supply equipinent and materials and the manner of construction.

The implementation schedulc is shown on FIG .- S13.

is-64
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6. PROJECT EVALUATION

6.1 :Economlc Evahiation

Economic evaluation of the project is made by calculating the Economic Internal Rate of Retuen
(EIRR) on the basis of the estimated cconomic benefit and economic cost. For the estimale of
the econoinic benefit and cost the following principles or assumptions are made:

1) Economic benefit is ¢stimated based on the "with and without project principle”.

2) Al costs and benefits are expressed in constant price and exclude taxes and dutics.

3) Cost and benefit are estimated on “incremental basis”.

4) Only quz_mliﬁ’abie benefits are included in the EIRR calculation though considerable
“ nonquantified beanefits are expected.

Bconomic Benefit

Upon the implenientation of the project, available water for consmilption in the Study Area will
increase considerably partly through reduction of UFW and parily theough network expansion.
This increase of available water is a major source of the econamic benefit, which will contribute
to enhance régional econon.\y and welfare of the residents.

Benefit of water supply increase is estimated by using the following imethods:

1) Increasein water supply through improveinent of URW is the net increase of water
supply without any incremental cost in water resources.  This netl increase is,
therefore, valued at the marginal producuon cost of water*' .-

2) Remaiiing portion of the water supply increase is valued by csunnlmg the differenice
between the cconomic -cost of water production by tanker* and the margmal

production cost*1.

This estimated economic benefit for the increased water supply is US$8.03 million in 2005.

Economic Cost
The estimated consteuction cost is converted (o the economic cosl by applymg the shadow

exchange rate*’ to the local cost componcnls The estimated cconomic cost is US$ 61.340
‘miittion.

“The incremental Oper'u:on and nmaintenance cost after m\plemcnhng Stage | project is alsc-
estimated on the basis of wnh -project 'md without- -project condition as presented below.

U D 0,520 or USS 0.74/m?, EstimétéofWM
23D 1,12/m3 or US$ 1.60/m3, estimate of WAJ Zanga

3 7 Shadow cxchange rale is estinfated at US$=JD0.77 by IBRD
- 5:66



	Cover
	Title Page
	Preface
	Letter of Transmittal
	LOCATION MAP
	Executive Summary
	TABLE OF CONTENTS
	PART Ⅰ LONG-TERM DEVELOPMENT PLAN
	1. INTRODUCTION
	2. THE STUDY AREA
	2.1 Natural Conditions
	2.2 Socio-Economic Conditions
	2.3 Public Health and Hygiene
	2.4 Urban Development and Land Use

	3. PRESENT WATER USE
	3.1 Service Area And Population Served
	3.2 Water Service Level
	3.3 Water Consumption
	3.4 Quality of Water Supplied

	4. EXISTING WATER SUPPLY SYSTEM
	4.1 History
	4.2 Water Source and Transmission System
	4.3 Distribution System

	5. ORGANIZATION, OPERATION AND MAINTENANCE
	5.1 Organization
	5.2 Operation And Maintenance
	5.3 Meter Reading, Billing and Bill Collection
	5.4 Financial Management

	6. PROJECTION OF POPULATION AND WATER DEMAND
	6.1 Future Urban Development Plan
	6.2 Population Projection
	6.3 Water Demand Forecast
	6.4 Water Balance

	7. WATER SUPPLY IMPROVEMENT PLAN
	7.1 Development Concept
	7.2 Rehabilitation Plan
	7.3 Improvement Plan
	7.4 Operation And Maintenance Plan
	7.5 Implementation Plan And Cost Estimates

	8. INITIAL ENVIRONMENTAL EXAMINATION
	8.1 Guidelines For Initial Environmental Examination
	8.2 Environmental Examination Matrix
	8.3 Examinations of Selected Environmental Elements


	PART Ⅱ FEASIBILITY STUDY
	1. INTRODUCTION
	1.1 Background
	1.2 Study Area
	1.3 Objective
	1.4 Water Demand and Water Source

	2. PROJECT DESCRIPTION
	3. ORGANIZATION AND OPERATION & MAINTENANCE
	3.1 Project Implementing Organization
	3.2 Operation of the Completed Facilities
	3.3 Leakage Control and District Metering
	3.4 Improved Accounting System

	4. COST ESTIMATE
	5. IMPLEMENTATION SCHEDULE
	6. PROJECT EVALUATION
	6.1 Economic Evaluation



