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7.3 IMPROVEMENT PLAN

7.3.1 Re-use of Existing Wells

The Zarqa wells cannot be used at present. Poor water quality exceeds not only the perimissible

Timits but atso the maximun allowable limits due (o intrusion of the polluted surface water.
There are thrée methods for reuse. The most fundamental method s removing the source of

pollution by 1) continuing sewcrage system development in the Study area and upsircam in

Amman and 2) strictly enforcing ‘waslcwater discharge standards for factorics. . A’ second

method consists of providing treatment however conventional methods cannot remove TDS.
Revérse osmosis or fon cxchange methods are cffective but expensive. The third and least
costly method is blending vvith bei'tcr.qu.iﬁty water, This method is pracliced now for water
supplied to Hashemeyeh and Khaldich. '

We will assume that source controt measures will be made and as a result, water quality will be

improved. Nevertheless, for safely reasons, the improvement plan will also include blending
water since the treatment option is prohibitively expensive. '

The effect of blending is evaluated. The most serious concern is TDS. The valucs of TDS
shown below are assumed to remain stable as a result of source controls. TDS values after
blending depend on the quantity of water available for dilution. When water is blended in
Batrawi reservoir, the supply point for the Zarqa area, the TDS will be 1,088 mg/l. On the other

" hand, if blending is caried out at Khaw pumping slation, TDS will be 738 mgA. The two

values exceed the permissible limit of 500 mg/l but are well below 1,500 mg/l maxinum

allowable limit.

Case Blending at BATRAWI Blending at KHAW
Water Source | ADS(mg/D'  Quaniity (/s) | TOS(ngd)  Quantity (Ws)
“K.haw;pumpingﬂdﬁon‘ 700 415 | 700 | 2,450
Zarga wells 1,750 145 i,750 145
Hashemeyeh wells 1,550 140 1,550 140
“Totl T ross 00 738 2.735

! Thede figures afe rounded-up for cepresenting 1994 weét season from the water sampling program as well as WAJ
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Blending at Batrawi costs less than blending at Khaw. This is because water fromi the two
production wells must be pumiped to Khaw for blending and then returned to the supply
district. Despite the higher cost, blending at Khaw is proposed. because: 1) (he water quantity

sent back is relatively small, 2) TDS is much closer to the permissible limit and 3) water with

the same TDS value can be distributed to all of Zarga,

This proposal will also affect the quality of the water which is being sent to Amman. Water
from Khaw is mixed at’ Ain Gazal station at Amman with water brought from other sources.
The qualily of this bleirded mix must also be evaluated.

Similarly, it is proposed to blend water from Awajan wells with water from Rusaifa valley
wells (in 2005 and 2015) and from Khaw pumping station (in 2005). TDS concentrations for
the blend mix in Stage-1-(target year =2005) is expecled to be as follows: ‘

Water Source TDS (mg/) .  Water Quantity (I/s)
Water from Khaw P/S - 814 : 27

© Awajan Well No.21 &22 -~ 1L150 59
Awajan Well No.23 o 1,030 | 72

" Rusaifa Well Water | (500) . 278

©TDS Concentration ' 738 630

732 Zoning and Reservoir

- Ground elevations ' in the Study Area range from 500 m in Sukhna (o 800 m in sorth Rusaifa.
The Study Area stretches approximately 20 km from Sukhna, the lowest point, lo Rusaifa, the

highest point. Given this range in topographical conditions, distributior of water to the Study
Area from one supp]y point is obviously not cconomical. Sukhna and Hashemeyeh are
gmgraphnca]ly mdepcndcnl and” have a small demand. Hence, distribulion to these two

m mcipahhcs will comlnuc from the mdnpcndcnl reservoirs, receiving water from the Batrawi _

'pumpmg station,

Z{U’Qﬂ mumﬂp'l!ny has developed at elevations between 600 m and 650 m en the right bank of
the Zarqa river. The Batrawi reservoir has served as the supply point to Zarga will continue this

function. The Batrawi reservoir cannot serve the newly developed hilly areas where additional

development has taken place and will continue. Therefore, a new reservoir is proposed to serve
this “High Zarga™ zone. Water demand is much smaller than that of the existing “Low Zarqa”
zone. As a result, water for the High Zarga zone will be boosted from the Batrawi teservoir.
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The demand in 2015 for the two Zarga zones togelher with the other zones is presented in the
following tablc:

Zoning
Zone Name Pemand (Vs) Reservoir Name Altitlude atthe  Altitude for
in 2015 Reservoir (in)  Served Arca (m)
qualx)w '_ o 573 - Bawawi (addltlon) 652 560 - 625
"Zarqa High U134 Res7IS(new) 15 620700
Sukhna 27 Sukhia (addition) 574 500 - 535
Hashemeych 72 Hararich (new) 608 - 550- 565
Aivajan Low . 66 Res 640 (new) 640 550 - 610
Awajan High 323 Awajan (addition) 695 610 - 660
Rusaifa Low 321 Res 750 (new) 755 660 - 720
Rusaifa High N 160 Res 810 (new) 810 720 - 770
Total 1,676 | 500 - 770

. Thc Awajan area is divided into high and low zones. The elevation (69‘5 m) at the existing
- Awajan réservoir is too high to serve the central Awajan area. The Awajan reservoir will be
~ used to serve only areas higher than 620 m. Ateas lower lhan'620 will be served by a new
© reservoir located at 650 m. A section of thc Awajan arca near the hlghway will bccmm, pmt of
"~ the lower Zarga zone.

- Rusaifa has stéep terram, the lowest area is al the Zarqa river {600 m} chmbmg np steeply t6
© 800 mon the north and soulh sides of lhe fiver. This area is currcmly scrvcd by lots of booster -
" pumping stalions and in some cases cannol be served dic o high clevanons and: remote
" distances. During the initial phase of the study,_ Rusaifa was separated into four zones; north
" high, north low, south high and south low. However, site investigations indicated that such

separation was not feasible due to the lack of appropriate sites for reservoirs in south Rusaifa
which is heavily developed. Therefore, the storage requirements for the south high and soﬁth
low zones are incorporated into north h"igh and north low zones, 'rcspécli\'c_ly.“ New ieservoirs
will be constructed at 815 m and 750 mi. The proposed :mnihg and ‘command areas for the
study area are shown in Fig. 7.4, Fig. 7.5 shows Zarqa zone and Fig.7. 6 shows Rusaifa &
Awajan zones especrally

The proyosbd zoning has several advantages;
1) Available pressures are relatively constant.
2) Avaifable pressures are below the regulated pressures.
3) leakage quanlit_y is stnall because of the lower pressures.
4) Distribution can easily be conlrol'led, lhc'rcforc, more cqual rationing becomes possible.
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It will be necessary to lay transmission lines to interconnecting pumping stations and/or wells -

with the new rescrvoirs. The cost of (hese dedicated lines is considerably smaller than the above
- mentioned advantages therefore the benefits outiweigh the costs,

7.3.3 Layout of Pumping Station and Transmission Line

' (_l) Water Source - o
The configuration of pumping stalions and transmission lines is based on the location of the
water sources supplying Zarqa which will charige over the planning period.

Water from Hashemcych. and Zarqa wells will be sent to the Khaw pumping station. Similarly,
water from Awajan wells will be blended with water from Khaw in the newly - constructed
Awajan pumping station. Water from the Rusaifa valley wells will be sent to the Awajan
plimping station. |

Water from small _\vclls in the Study Arca such as Phosphate, Hutteen, Bassateen, Rusaifa 18
and Murhib wells will also be directly injected into the distribution system.

The layout for the ycaré 2005 and 2015 is shown in Fig. 7.7. Flow between Khaw pumping
station through Awajan pumping stations and the RES 750 in Rusaifa will reverse in the years
2005 and 201 5. Directions in other transmission lines do nol change..

(2) Transmission of Waler to Each Zone |

Water will be transmiited to the following distribution zones:

i) _Hashemeych and Sukhna Zones

2) Zarqa High and Low Zones

3) - Awajan High and Low Zones

4} Rusaifa High and Low Zones

: Operation and maintenance can' be faci_lilatcB by' minimizing the numbcr of pumping station,

~ However, minimizing pumping stations is obviously not cconomical in the Study Area since

elevations range from 600 m to over 800 m and most of the demand is concentrated i the low-
clevation areas. Therefore, (wo large pumping stations (Khaw and Awajan) and two small
booster pumping stations (Batrawi and RES?750) are proposed as shown in Table below,
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_Zone Name , In 2005 | . In2015
ZargaHigh |  Boost from Batrawi (Zarqa Low)
ZarqaLow Pump from Khaw P/S
Sukhna - _ Gravity from Batrawi
Hashemeyeh ' 5 Gravily from Batrawi
- Awajan High ' P.ump from Awajan P/S =~ | - Gravity from Rusaifa Low
'Awﬁjah Low _ . Gravity froih Awajan High
Rusaifa High " Boost from RES750 (Rusaifa Low)
Rusaifa Low ~ Pump from Awajan P/S " From Amman side

In the above la'youi, Zarga pumping station no longer functions as a boosler station. Water from
the Khaw pumping station to which Azraq, Hallabat, Khaldieh and Za’atari waler is conveyed,

is presently pumped to the older Zarqa pu mping"slalion. The clevation at the Khaw pumping

station is higher than at the Zacqa pumping station by about 30 m. Therefore, the targest supply -
point of Zarqa pumping station which is in the Zarqa wells, are at present mierely re-boosting -
water to Batrawi teservoir. This unnecessary pumping can be avoided for cnefgy saving. For
year 2015, water is belter conveyed by gravity from Rusaifa 750 reservoir to Zarga pu'mping
station instead of (hrough Khaw pumping station. However, its transmission line is difficuit to
be laid in the central Zarqa arca. Therefore, the above layout is proposed even though it is

* hydrautically inferior.

In general il is beller to maximize the use of existing facilities to minimize investment costs.

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

to utilize the existing Xhaw - Amman pipeline. However, WAJ indicated a preference to have
this line rehabilitated and we have accordingly prepared a plan to mect this séquircmient.

The best atignment option is the shortest route with ar altitude lower than the required hydraulic
profile This alignment is along the existing Khaw - Amman line to the Awajan offtake and

further atong Yajouz road to Rusaifa,

Facilitics aré sized against the maximum daily demand as follows:
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From ~ To - ~ Unil Flow
' (m3/min.)

~ Head
{m)

Unit Number
- Power - (set) *

(kW)

e
e
e
R

“Awajan ResG95 5.4

Khaw Batrawi Res

9.7

s
e
e
g |
T o —

T

.
o
s
-

310

6
4
s
e
4
5

* including one standby

Proposed Transmission Facilities

Diameter (min)

Length (m)

1. Khaw - Batrawi

. Batrawi - Res 715

. Khaw - Junetion Tank

. Junction Tank - Awajan P/S
. Awajan P/S - Awajan 695

. Awajan 695 - Res 640

. Awajan Pks - Res 750

. Res 750 -.Rcs 810

. Batrawi - Hashcmeyeh

10, Hashemeyeh - Sukhna

tl. !-{asheméych - Khaw (for blending)
2. Zarga - Khaw (for blending)
13. Rusaifa valley - Awajan PS (for blending)

800
400
500
400
Existing (600)
200
1500
400
400
300
250

150

200
400
Existing (400)
500

7,900
2,200
8,100
4,100
2,000
800
6,600
1,800
100
2,300 -
1,900
6,800
1,000
5,700
8,000
2,900
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© 7.3.4 Distribution System

(1) Pipe

Oncc the transnnss:on syslem is planned, then the distribution system is designed. Almosl
every customer is equipped with a roof tank and these will likely be in use even in 2015.
'lhcrefore, the available head in 4 4 story house is 10 to 15 m. A head loss of 15 miis added for

' thc size and Ienglh of the service lines which are typically 50 mm or 25 mm, l*aClIlthS are not
“sized against the maximum hourly detnand. Instead, they are sized for the average hourly
' 'demand because of the existence of roof tanks. Based on the above condﬂmns a hydraulic
“network analysns was conducted to determine the size of the facilities. The proposed

distribution pipes are shown as follows:

'PROPOSED DISTRIBUTION PIPE

- Diameter (mm) 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 capacity is sized to batance diurnal fluctuation. It is usually sized for 6 to 8 hours in
Yapan, Recently, Japanese standards were upgraded to allow additional waler storage for
emergency situations like imajor pump failures, In Jordan, where houses have rooftop stofage
tanks, the storage requirement can be shortened to 8 hours. Total capacity in all reservoirs are,
therefore, about 50,000 m3 (=145,800 m3/day x 8 hours). This figure is allocated to cach zone
according to the demand.
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Reservoir Capaeity '

f{eqmred Existing . Additional

Zone Name Reservoir Name Capacﬂy' Capacity Capacily
ZargaHigh - Res7l6 S 4,000 s T 4,000
Zargalow Batrawi 695 17,000 4,500 12,500
Sukhna Sukhna 1,000 * - 1,000
Hasheineyeh Hararieh 2,000 _ ¥ 2,000
Awajanlligh - -~ . Awajan695 0,000 o 4,500 5,500
Awajan Low . Res 640 - . 2,000 =00 -2,000
Rusaifa High Res 815 5,000 - 5,000
Rusaifa Low Res 750 10,000 - 10,0060
Total’ - : 51,000 9,000 42,000

* Bxisting rescrvoirs will nol be used due to low elevations.
g

7.4 OPERATION AND MAINTENANCE PLAN

Reduction of present high UFW is urgenily required in order 1o ensure an adequate supply of
water. To reduce UFW operation and management impravements and the implementation of a

rehabititation and expansion program are required. The main reasons for high UFW refated to |

operation and management are: .
(1) Leakage of water;

(2)  illegal connection and tampering water meter by subscriber; and
3 mét_cr reading error and insufficient bill co;Ilection'procedure

7.4.1 Leakage Cbnfrol Plan

: _Relalwcly high lcakage nle.s are recorded in' older dlstrlbullon networks : whlch were
constructed in the 1960‘3 and. 1970'3 WAJ Zarqa cames out repair works when leakage is -
found. Thls approach is lather passwe Positive leakagc control on routine basis is necessary

for the effective reduction leakage from the pipe network.

The proposed plan is h_:i organize a léakage control leam ;iirectly under (he Administration of
WAJ Zarqa. The team would consist of 3 leakage detection sub-teams, 6 repair sub-teams, onc
design and recording sub-team and one equipment control sub-team. This team would be
headed by a leakage cbnirdl' matager and the unit would have the following staffing tevels.
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Sub - Team No. of Technidians  Staff & Clerks Workers

- Sub - Team
1 Leakage Detection 3 3 3 6
2 Leakage Repair 6 6 6 30
3 Design & Recording 1 2 4 0
4 Equipment Control 1 H 3 0
o Tolal i4 - 12 16 36

7.4.2 Legal Enforcement and Protective Measures

In 1994, 146 illegal connections were identificd. Their cost in lost revenue to WAJ was ID
£3,000. This appears to be only the tip of the iceberg. To prevent illegal conncchons, the
proposed leakage contro} team is expected to collaborate closcly with  the Subscriber
Deparimient. '

Tamperibg with water ineters seems to be another major cause for high UFW. To prevent this,

it is recommended that subscribers meters be relocaled from inside house to the yard and
inistalled inside a sealed meter box. Legal enforcement should include high fincs and penalties.

7.4.3 lmprow;ment of Meter Reading an Bi'll COHéctioh Procedure

Meter readmg errors is a scnous source of customcr complamls in the Study Art,a To copc’l
with this, rccrunment and [raining of quahﬁed mctcr n,aders who can ]udge meter performancc

is urgently required.

For more efficient meter reading, the following improvements ate required:

ay - Pfcparc subscriber location maps with an adequate scale of 1:1,000.
() Simplify present billing zones. } .
(3)  Lease contract for meter reading and blllmg

(4)  Periodical shilt meter readers to other billing zones. |

At present, it takes 2 months or more to collect bills including meter reading. This process can
be shortened by introducing monthly billing to large consumers. Accordingly, a bill collection
team should be organized in the Subscribers Departinent especially for large consumers (0 issue
monthly billing and collect paymients. To shorten the time for bill collection, payment through
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* the bank is recommended with some mocnlwes for paymg on nme Through mtroducimn of
this payment method, meter readers can concenirate {hclr tire on metér reading..

7.4.4 Strengthening of OM Organization

'Operation and maintenance works at WAJ Zarqa arc being conducted telatively welt under the
present institutional framework. However, due to rapid and random urban developrient without
planning durmg the recent decades, (he water supply facnllues are nol bemg systematlcaliy
installed, which makes it more difficult to introduce opcrational and maintenance efficiencies.

WAJ Zarqga is now facing the following probl@ams:

(1) lack of equipment for repair and maintenance works..

(2) lackof qualtﬁed technicians and manpower

(3) poor regulanon and control of urban dcvelopmem and lack of coordination with
other agencies concerned.

Mxllgalmg the first problem requires an inventory survey of cx:slmg machines, equipment and
materials with identification of their location. Based on this inventory list, a basic inventory
management system can be introduced.

Solving the manpower problem, fequires recruiting and training qualified technicians for
electric and mechanical works. Training programs should also be designed to meet the needs of
existing staff, Recruitment of leakage control engineers seems an urgent priority

Financial lnmlagcment rieeds to be strengthened in WAJ Zarqa A cost” accountmg ‘system
~ should be established in order to plan and manage cost ‘disbursement. The decentralization of
WAJ is now being planned with special emphasis on the cost accounting and assets
management functions.

; The lack of integr'ated planning is the most important but difficult problem to tackle, since WAJ

- is not responsible for the land use and its development. Better coordination: with the related
governient agencies can be achieved by establishing an mter-agency planning conwnittee with
regutatory authority to ov ersce utban development .
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7.5 IMPLEMENTATION PLAN AND GOST ESTIMATE
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7.5.4 Implementation Plan

The improvement project will be implemented in fwo stages:
Stage I: ~ With a target year of 2005, the Stage 1 Project 'plans fo implement
rehabilitation works, installation of trunk mains wnh associated pumps
and reservoirs and rationatization of pipe network

The “Urgent Project” is to be implemented with a target year of 2000.

Stage 2: With a 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 Atea, the “Urgent Project” will be
implemented within the framework of stage 1. '

~The implenientation schedule for Stage 1 and Stage 2 is prepared bearing in mind that water

supply for the target year is realized 2-3 years in advance as presented in Fig. 7.8.
The expected construciion period for each stage is :

Stage 1 Project: 1999 - 2004
Stage 2 Project: - 2011 - 2014

'7.6.2 Cost Estimate

Construction and operation & maintenance costs are estimated in this sub-section. Costs for
works of this scale may vary significantly, depending on the bidding procedure, contract
methods etc. Thercfore, the following conditions are assnmed;

1. All cost estimates use September, 1995 prices
2. Al imported’ equipment and materials such as pumps and largc-snmd pipes are
exempted from any tax and duties. :
'3. Constriction work will be ‘carried out by a selected conlractor (s) through
competitive bidding.’
4. Physical contingencies applied to cost estimates arc :

Eleciric and niechanical cquipment 110 %
Civilworks : : . 10%
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- 5. The price contingency applied to cost estimates is 5.0 % per year.. -
6. " Exchange rates are : |
Uss$t  :JD070
US$1  :YeniOO

Unil costs are used to determine the project cost for each of the following system components
of the proposed system, o :
N . . : ks 2
1. Pumping Stations : ' _ : *Eﬁ
- 2. Transmission Pipes _ '
3. Service Reservoirs at each zones
4. Distribution Pipes
5. Service Pipes(House connections)

The unit costs are based on other WAJ projects, consultation with local contractors, and
quotations from pipe manufactures through focal agents.

The estimated construction cost is US $ 85 miltion and is broken down as follows:

Estimated Project Costs _
(Unit: USS$ 1,000, 1US$=0.7)D)

Items Stage - 1 Stage -2 Total ’:g"
Réhabilitation Works - 9,767 - 9,767

Land Acquisition 330 - 330

Construction Works : | |

- Transtission Pumps : | o 4,684 | 5991 10,675

. ’l‘ransmissionPipéé B 15,935 341 16276

- Service Reservoirs ' 3,862 3,007 6,869‘

- Distribution Pipes 16,446 8,702 25,148

Sub-total | | 51,024 18,041 69.065

- Bngineering and Administration Cost - 6,560 | 1,974 8,534
Physical Contingency 5,416 1,985 7401 83

Total Project 63,000 22,000 7 85,000
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7.6  Expected Economlc Benefits and Evaluation
7.6.4 Genoral

Economic evaluation of the project is based on calculating the Economic Internal Rates of
Return (EIRR) on the basis of the estimated economic benefits and coslts.  The following
,g,_ principals and assimptions are ma_dc for cstimatiﬂg economic benefits and costs:

(1)  ecoriomic benefit is CSliinéléd based on the “with and without prOJect principle,

(2)  all costs and bencefits are expréssed in constant pncc a.nd exclude taxes and
duties.

{3) costs and benefits are eéstimated on "incrémental basis™.

{4)  only quantifiable benefits are included in the BIRR calculation lhough
considerable non-quantified benefits are expected.

7.6.2° Economic Beneafit

Through the implementation of the project, waler availability in the Study Area will be
considerably improved. This increase of available water is a major source of the economic
3: benefit, which will contribute to enhance rcgidxlal cconomic development and welfare of the
residents in the fol!oWing MANNECTS!
" (1) Theimproved network will alleviate water shortage and rationing.

(2) The reduced rationing will ireprove sanitary and hygiene : conditions;, and
generate health benefits in the Study Area. This benefit will be cealized pamcularly in
the lower income areas and will contribute to income distribution in the rcglon

(3) Cost savings for not obtaining water from lankers during periods of rallonmg is a
direct benefit to the residents -

(4) Industrial and commercial development will be facilitated, and the rcsultmg increase in
cimployment will enhance social welfare; and _

(5) Property values will also increase due to the improved availability of safe drinking
water.

Cost savings for WAJ Zarqa in operation and maintenance are also anticipated. The introduction
of new disiribution zoning and a more efficient distribution system will reduce clectrical
consumption and provide a substantial economic benefit.
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Estimate of Ou_antiﬁabie Benefit

For the cconomic caleulation, only the benefit from increased water supply and OM cost
savings are included as “quantifiable benefits”. The benefits of water supply improvements are
estimated by using the following methods: |

(1) Increase in water supply through improvement of UFW is lhc et incréase of
water supply without any incremental cost in water resources. This net increase is

, therefore valued at the marginal production cost of water (JD 0.52/m?) in WA _

(2) The remaining portion of the increase in water supply is valued by applying the
difference between the cost of supply. from the water tankers (JD 1.42/m?) and the
cost of supply from WAI JD 0.52/046 =ID 1.13 /m3).

7.6.3 Economic Evaluation

Economic evaluation of the project is made by calculating EIRR based on the estimated

economic benefits, project costs and OM cost.

Alsensitivity analysis for the following conditions confirms the project's feasibility.
(1) Project cosls increase by 15%
(2) OM costs increasc by 15%
@ (D+Q2).
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Vill.  INITIAL ENVIRONMENTAL EXAMINATION
8.1 GUIDELINES FOR !Nﬁ'lAL; E'NVIIidNMENTAL EXAM!NATION
8.1.1 Jordanian Environmental Regulations

Environmiental policy is now being set by the Department of the Environment , under the
Ministry of Municipal and Rural Affairs and Environment (MMRAE). Laws and regulations on
cnﬁronmcma] prolécﬁon and environmental impact assessment (E1A) have not been put into
cffec( on a national level in Jordan. However, the Jordmnn Govemnnent is implementing a
progmm to construct a Icg’tl framework for environmental manageinent.

~ In May 1991, a’'National Environment Stratcgy'i‘or Jordan' was implemented and officially

approved. Preparation of this Strdtegy involved 180 Jordanian specialists from various ficlds
for more than 2 years under the financial support of USAID and technical assistance of the
Intemational Union for the Conservation of Nature and Natural Resources.

As the first Step of the National Environment Stra;cgy for Jordan, a draft of the Jordan
Environmient Act was prepaj'ed and submitied 1o the Minister of Municipal and Rural Affairs &
the Environment in 1992, The Act is under the procedures of approval now, and ils main
contents are as follows.

(1)'E§iablisllll1cnt of the General Enviromneat Corporation as a ﬁnan'cid!ly,
technically and administratively independent organization to undeitake all legal actions ';
for the prolu:uon of the environment. '

(2)Eslahhshment of the Environment Protecuon Fund which will be ﬁnanccd by
allowances from governmental budgel, allocations from local organlmtuon, aids,
donations and grants from international organizations and penalties due to the violation
of environment rules and regulations.

(3)Provisions for environmental elements such as water, air, soil, flora and fauna, and

* pollutants. _

(4)Bnvironmental licensing. |

~(5)Liability for environmental pollution and insurance.

(6)Fines and penaltics.

8.1.2 Japanese Environmental Guldelines

According to JICA's policy on cnviropmental cxamination for international “cooperation

 projects, 1EE (or EIA as required) shall follow the environmental guidelines of the host country

8-1
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as far as possible, In Jordan, a draft of the Jordan F.nviroxi_mcm Act was prepared and
submitted to the Minister of Municipal and Rural Affairs & the Environment in 1992 as the fiest
step of the National Environtient Strategy for Jordan. However, the Act is currently following
the review and approval process. | S

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

8.2 ENVIRONMENTAL EXAMINATION MATRIX |
8.21 Matrix Componehts :

An environmental examination matrix (EEM) is a useful tool for a brief screening of the impact
of a project on the environinent. The components of the matrix include project activities and
environmental elements.

(1) Project aclivilics
According (o the development plan, constraction / rehabilitation  and
operation of the following facilities are included in the project activitics. |
- - Pumping stations. |
- Reservoirs or water tanks.
- Transmission and disteibution pipes.

| (2)  Environmental clements

‘ (1) Social environment.
(2) : Natpml environpinent,
(3) Pollution.

8.2.2. Environmental Impact Screening by EEM

‘_ Table 8.1 shows the EIIM fo_r this project. All the environmental elements are screened with
reference to each of the project activilies,

As indicated in the table, in the construction phase of the pumping stations, reservoirs/ water
tanks and transmission/distribution pipes, the impact on the following environmental cleinents
canhot be ignored and need to be examined fuither.

Reseittlement
- Economic activilics



_ Chapter 8/MP
- Traflic and publib facilities
- Archacological (rnasun,s
- Solid waste .
- Noise and vibration
- Water pollution

In the operation phase of the project, the problem of increased sewage volumes wilt be
evaluated

8.3 EXAMINATIONS OF SELECTED ENVIRONMENTAL ELEMENTS

8.3.1. Impacts to Economic Activitles

Improveinent or expansion of the water supply system will intensify land use and may increase
the fand values which could in tum squeeze out existing tenants or lower income households..

8.3.2 Impacts on Traffic and Public Facilities

Construction work in this project is small scale. However, most of the transmission and
dlslnbuuon pipes are located under exisling roadways [)uring the conslruction, traffic
regulauon of in some case construction of temporary detour roads will be uqusnred

8.3.3 Archaeological Treasures

According to the data from the Institute of Archacology and Anthfojmoiogy,' there are about 300 ;
archm:ologiéa] sites. Most of these antiguitics seems not so important compared to the cultural
heritage on a nationalfinternational level. However, before planaing the pumping stations and
reservoirs/ tanks, a dcmiled survey of these archacological sites should be conducted with the
coordination of Jordanian a@,mcn,s or institutes for archacological study and man agen¥nt.
Appropriate measures should be iaken to protect archacological treasures from any negative
impact from the construction work.



8.3.4 Solld Wastes, Nolse and Vibration

According to thie data from the Institute of Archacology and Anihr’oliology;';lhére are about 300
archacological sites.’ Most of these antiquities seems not so important conipared (o the cultural
heritage on a national/internationat level. However, before plann_ing'lhc pumping stations and
reservoirs/ tanks, a delailed survey of these archacological sites should be conducted with the
coofdinalion of Jordanian agencics of inslitutes for archacological S_tudy" and ‘maniagement,
Agpp*ropriaié measures _shou.ld be taken to profect archacological treasures from any negalive
impact from the construction work. ' '

8.3.5 Sewage Increase due to the Improvement of Water Supply

At present, the water demand for domestic and industrial use is about §0 MCM/ year. After the
implementation of this project, the demand will increase to 31 MCM / year in 2015.
Accordingly, the volume of sewage will increase by an equivalent amount.

In the Study Area, about 58% of the population are served by the public a sewer system. But,
the remaining are using septic tanks. Increases in waste waler might agg’ravatc the water qualily
in the river and groundwater, effects of which will be further studied. Tn addition, groundwater
f‘rom Zarqa which will be used for wa!cr'supply has a high TDS. These high concentrations of
TDS will not be reduced sifg’niﬁcﬁnﬂy before being discharged at the sewage treatment plant
therefore water qﬁali{y inthe Zarqa river and the King Talal Dam may deteriorate with time.

8-4
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TABLE 8.1 LIST OF MAIN ANTIQUITIES IN THE STUDY AREA

TYPE

NO. SITE NAME i
PERIOD BE
R RONAGE ~ | “Tﬁmmhﬁﬁm PRESENCEY
3% OTRER/AUNSPECIFIED STRUCURE OR WALL FOU
BARLY BYZANTINE 01  SHERDVFLINT SCATTER
UNSPECIFIED {SLAMIC 61 - SHERI¥FLINT S(‘ATTBR
' UNSPECIFIED PERIOD STRUCTURE |52 CISTERN
Z|[RHIRBET FR-RUSEIFA (ER- . Tl S RERDEINT SCATTER ™
UNSPECIFIED IRON AGE 0] SHERD/FLINT SCATTER
UNSPECIFIED ROMAN |01 -+ SHERDVFLINT SCATTER
UNSPECIFIED BYZANTINE 01 SHERDVFLINT SCATTER .
UNSPECIFIED ISLAMIC 01  SHERDVELINT SCATTER
UNSPECIHIED PERIOD STRUCTURE | |22 CAVE/SHELTER
. j ] : |35 OTHERAUNSPECIRED STRUCURE OR WALL FOU
IIROSEIFAH ESIVERMBY — . | mmmﬁmwmmmm
MB1(MB I1A) 0F  SHERD/FLINT SCATTER |
UNSPECIFIED IRON AGE 01 SHERDVFLINT SCATTER
UNSPECIFIED PERIOD $TRUCTURE _ |12 FORTIFIED SEVFLEMENT
“3QASR SHABIB (ZARQA) [URSFECTFIED AYYUBTIYMAMLUK — |14 FORTRESS
$1  CISTERN
UNSPECIHED OYTOMAN 14 FORTRESS
: . . |8t ARABIC INSCRIFTION
SITREYYEH ES I O SHERDFLINT SCATIER _
_ 13 POSSIBLY FORTIFIED SETTLEMENT
EB il 01  SHERD/FLINT SCATTER
11 POSSIBLY FORTIFIED SEITLEMENT
EB IV (EB-MB) 01  SHERIVELINT SCATTER
. : 13 . POSSIBLY FORTIFIED SEVTLEMENT
G[KHIRBET KHAU UNSPECIFIED BYZANTINE 01 — SHERLYELINT SCATTER -
UNSPECIFIED PERIOD STRUCTURE |11 VILLAGE SITE (NO FORTIRCATIONS)
7}  CAVF/SHELTER
52 CISTERN
$6 - QTHER TYPEOFTOMB
TIKMRBET ARG EZZEICHFPRD 1 SNERDITINT S5CATTER
IRON IIA/B 01 SHERD/FLINT SCATTER
IRONIIC 91 SHERD/FLINT SCATTER
UNSPECIFIED ROMAN 01 ° SHERD/FLINT SCATTER
UNSPECIFIED BYZANTINE 01~ SHERD/FLINT SCATTER
UNSPECIFIED AYYUBIDYMAMLUK [0 © SHERDYFLINT SCATTER
UNSPECIFIED OTTOMAN 41  HAMLET/FARMSTEAD
UNSPECIFIED PERIOD FLINTS ° 01 - SHERD¥FLINT SCATTER
UNSPECIFIED PERIOD POTTERY |01 SHERDVFLINT SCATTER
UNSPECIFIED PERIOD STRUCTURE |41 HAMUET/FARMSTEAD
67 STONE FENCES/ENCLOSURES
o 96 OTHER TYPEOFTOMB . . -
§|KHIRBET E3SEIL UNSPECTAIED ROMAN Ol SHERDFUINT STATIER
: UNSPECIFIED BYZANTINE 0} SHERD/FLINT SCATTER
UNSPECIFIED ISLAMIC 0f  SHERDYFLINT SCATTER
UNSPECIFIED PERIOD STRUCTURE {25 OTHER/UNSPECIFIED STRUCTURE OR WALL FO
SIKHIRBET MAKTIUL ™ [IRONTIA/B O SHERD/FLINT SCATTER
{RON 1IC 01  SHERD/FLINT SCATTER
UMAYYAD 401 SHERD/FLINT SCATTER
C[¥r VILLAGE SITE (NO FORTIFICATIONS)
ABBASID G}~ SHERD:FLINT SCATTER
_ _ : Tl VILLAGE SITE (NO FORTIFICATIONS)
UNSPECIFIED AYYUDIDMAMLUK |6} SHERDFLINT SCATTER -
1} VILLAGE SITE (NO PORTIHCATIOVS}
{
0} _SI{LRDPLINT SCA"!TH{ )
14 FORTRESS
0} - SHERD/FLINT SCAVIER :
t4 PORTRESS
LATE ROMAN (2 SHERD/FLINT SCATTER (UI\CERTA!N PRESENC
UNSPECIFIED BYZANTING 0f  SHERD/FLINT SCATIER :
UMAYYAD _ 01  SHERDYFLINT SCATTER |
UNSPECIFIED AYYUBIO'MAMLUK |01 SHERDYFLINT SCATTER
' -{21  KOMADIC CAMP
. _ 62 ANIMALPEN
UNSPECTHED PERIOD POTTERY 01 SHERIVFLINT SCATIER
UNSPECIITED PERIOD STRUCTURE |52 - CISTERN
TTTANVALERRENEIL [UPPERPALEOCITIC — — |0F  SYERDTLR
Bl 01 SHERDVELINT SCATFER
13 POSSIBLY FORTIFIED SETTLEMENT
8- 6




TABLE 8.1 LIST OF MAIN ANTIQUITIES IN THE STUDY AREA

EB JV (EB-MB} 0f  SHERIVFLINT SCATTER
_ 13 POSSIBLY FORTIFIED SEFTLEMENT
UNSPECIFIED ROMAN 02 SHERDYFLINT SCATTER (UNCERTAIN PRESENC
UNSPECIRIED BYZANTINE -[01  SHERDVFLINT SCATTER
UNSPECIFIED AYYUBID'MAMLUK {01 SHERD/FLINT SCATTER
S 11 VILLAGE SITE (NO FORTIFICATIONS)
UNSPECIHED PFRIOD FLINTS 01 SHERDVFLINT SCATTER
: : _ UNSPECIFIED PERIQD STRUCTURE |21 CAVE/SHELTER
T|TELL ES-SUKHNER MBTATT(MBTIET)Y 01 SHERDTLINT SCATTER (MATN PRBSEI-.CE)
' : : : 06 - MULTI-PERIOD STRATIFIED SITE (TELL OR KHI
IRON1 07 SHERLDYFLINT SCATTER (UNCERTAIN PRESENCE
RONITAB (2 SHERD/FLINT SCATTER (UNCERTAIN PRESENCE
PERSIAN (IRON 1} 2 SHERD/FLINT SCATTER (UNCERTAIN PRESENCH
EARLY NABATABAN 02 SHERDVELINT SCATTER (UNCERTAIN PRESENCI
03 SHERIDVFLINT SCATTER (MAIN PRESENCE)
UNSPECIFIED ROMAN 01 SHERDYFLINT SCATTER
: 06 MULTI-PERIOD STRATIFIED SITE(TELL OR KHI
UNSPESIFIED BYZANTINE 0l SHERIYFLINT SCATTER |
06 MULTI-PERIOD STRATIFIED SITE (TELL OR KHII
MODERN {1915-1950) : 24 '1SOLATED STRUCTUREHOUSE
UNSPECIFIED PERIOD POTTERY 01° SHERDVFLINT SCATTER
TISURHNE EAST RONTAE 01 SHERD/FLINT SCATTER
(RONIIC 01 SHERI¥FLINT SCATTER
MODERN {1915-1950) 01 SHERD/FLINT SCATTIER
_ 21 NOMADIC CAMP
THZAOH ESH-SHARY! MIDOUHEPALECLITHIC 01 SHERDFLINT SCATIER
UNSPECIFIED PPN 03 SHERD/FLINT SCATIER (UNCERTAIN PRESENC
UNSPECIFIED ROMAN 01 SHERD/FLINT SCATTER
UNSPECIFIED BYZANTINE 02 SHERDFLINT SCATTER (UNCERTAIN PRESENCH
ABBASID 02  SHERDFLINT SCATTER (UNCERTAIN PRESENCE
o MAMLUK 01 SHERD/FLINT SCATTER
- |UNSPECIFIED PERIOD FLINTS 01 - SHERTVFLINT SCATTER
T3|[KHIRBET 7ZAQM EL-CHILOWER PALEOLITIIC 0T SHERGFTINT SCATTER
UNSPECIFIED ROMAN 01  SHERDFLINT SCATTER
UNSPECIFIED BYZANTING 0] - SHERD/FLINT SCATTER
MAMLUK _ 01 SHERD/FLINT SCATTER
MODERN (1915-1950) . 58 ORAVE
UNSPECIFIED PERIOD FLINTS 01 - SHERDVFLINT SCATTER
_ |UNSPEC{FIED PERIOD POTTERY 6f  SHERD/FLINT SCATTER '
: . UNSPECIFIED FERIOD STRUCTURE |25  OTHER/UNSPECIFIED STRUCTURE OR WALL FO
15| WADAW PNATYARMOUKIAN 03 SHERDTLINT SCATTER (MATNPRESENCE) |
) 1t VILLAGE SITE (NO PORTIFICATOINS)
UNSPECIFIED BYZANTINE 0! SHERDVFLINT SCATIFR
: UNSPECIFIED PERIOD POTTERY 0!  SHERDYFLINT SCATTER
TAASYA T DRSPECTRED CHALGDUITINTG 0T SHERD/FLINT SCATTEK
It VILLAGE SITE (KO PORTIFICATIONS)
EBI 01 SHERDVFLINT SCATTER
11 VILLAGE SITE (NO PORTIFICATIONS)
UNSPECIFIED BYZANTINE 0F  SHEREYFLINT SCATTER
UNSPECIFIED PERIOD POYTERY 01  SHERD/FLINT SCATTER
TE[KHIRBET EL-WADAR  [ERTV{ER-ME) T[0Y T TSIERBFLINT SCATTER (UNCERTAIN PRESERC
UNSPECIFIEDLB -~ [m  SHERENVFLINT SCATTER (UNCERTAIN PRESENCE
UNSPECIFIED IRON AGE 01 - SHERDYFLINT SCATTER {UNCERTAIN PRESENCE
UNSPECIFIED ROMAN 07 SHERDYFLINT SCATTER (UNCERTAIN PRESENCE
UNSPECIFIED BYZANTING 11 VILLAGE SITE (NO PORTIFICATIONS)
MAMLUK Il - VILLAGE SITE (NO PORTIFICATIONS)
_ &2 ANIMAL PEN
MODERN (1915-1950) : 62 ANIMALPEN
UNSPECIFIED PERIOD POFTERY |01 SHERDYFLINT SCATTER
_ UNSPECIFIED PERTOD STRUCTURE 22 CAVE/SHELTER
: s ' CISTERN
D[EL-NTMRAH {EBIV{EBMBY — ] 61 TIHERG/FLINT SCATTER
: UNSPECIFIED IRON AGB 01  SHERDVFLINT SCAT{ER
UNSPECIFIED ROMAN 01 . SHERD¥FLINT SCATTER
UNSPECIIED BYZANTINE “lo1 - SHERD/FLINT SCATIER
UNSPECIFIED ISLAMIC . 01 - SHERDVFLINT SCATTER -
UNSPECIF]ED PERIOD 871 RUCTURB 24 ISOLATED STRUCTURE/HOUSE
115 OHTER/UNSPECIFIED STRUCTURE OR WALL FO

Sounce JORDAN Anuqu ities Database and Int‘mmanon S)s'em

8..



\-\(i,- '

' i ' £ g
g o ¢ Hashenie, ch, }-
ukhna t;; { ‘Y . ) e
P L o i 'z‘- M’! : !
Y 1 : -
L # \ ,n‘ .
e | My
a4 T Xy ¥ 5% »
e
To Khaw
-5 ToKhiw
N
.0 © A 2 3km
Source : JORDAN Antiquities Database & lnformalion Syslem t i 5 3
" THESTUDYON - F:g 8.2
THE IMPROVEMENT OF THE WATER SUPPLY SYSTEM
. FORTHE ZARQA DISTRICT : MAIN ANTIQU]‘]*IBS .
JAPAN INTERNATIONAL COOPERATION AGENCY PISTRIBUTION IN Z"‘RQA DIS.

8- 8

.("'Y \h .
Eﬂ%‘

ol
e
Sy



(&H\«,

s s ww,«*":‘ "f

. To Balams

X

Hashcmeyo

!
hy\ -
Sukhna :

2 To Khew

i ;/’

++ To Khaw

“en ,i\ e
LT g

Rusalfa

FEn

AN

0 1 2 Sum
Source : JORPAN Anliquilies Database & Information System t t s |
THESTUDY ON . Fig- 8.2
THE IMPROVEMENT OF THE WATER SUPPLY SYSTEM
FOR THE ZARQA DISTRICT MAIN ANTIQUITIES .
JAPAN INTERNATIONAL COOPERATION AGENCY . DISTRIBUTION INZARQA DIS.

8- 8



PART I FEASIBILITY STUDY



I. INTRODUCTION
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Chapter I/F$S

1. INTRODUGTION

1.1 Background

Following the formulation of the long-term (master plan) plan, we have conducted the
feasibility study for the first stage program wilh a target year of 2005. The first stage program
is oni¢ of the two “staged” prograins proposed in the master plan.

E’I.:2  Study Area

Area and Population

The Study Area is Zarga district, same as in the master plan. Zarga District is situated 35 km
northeast of the capital, Amman. Zarga district includes the urban areas of Zarqa municipality, -
Rusaifa ummcnpality, Hashemeyeh municipality, Sukhna municipatity and Shennuler refugee
camp. The Study Area covers 90.5 k2.

The population of the Study Area was 534,674 in 1994 and grew at 3.9 % per yedr on average -
duting 1979 - 1994,

The size and population of the municipatitics in the Study Area both in 1979 and 1994 are -
presented in the following table.

Arca and Population

- o Area _ _ - Average
Study Arca ' (km?) 1979 §994 Growth Rate

' (%)

Sukhna Municipality 5.6 4,390 9,764 5.47
Hashemeyeh Municipality 6.2 4,148 13,038 7.93
Rusaifa Municipality 18.% 49,885 131,130 6.65
Schnneler Camp 0.9 23,2061 36,268 . 3.00
Study Area Total 90.5 301,028 -~ 534,674 '3.90

Source: Depariment of Statistics
1 Includes new Zarga and Awajan

*2 High increase rate_durrin'g 1979 - 1994 is due parily to the returnees from the Gulf countries.

“Topography and Climate

Zarqa district is concentrated around the Zarga river which runs cast through Rusaifa then tums
north wnth Zarqa on its eastem side. Through Rusaifa the elevation of the river is around 650
mAND (above national datum) with propetties on the north and south sides,’ h'wmg ground
elévations rising: 10 815 m AND and 776 m AND respeclively:  As the river runs north its

elevation drops to 525 in AND whilst central Zarga rises 1o over 625 m AND (o its east.



Chapier I/ES
Lomlcd at the wcstcrn fringes of the inland desert, the Study Area has an arid climate

throughoit the year.  The annual rainfall ranges from 160 mm to 'KIO mm with vuiua!ly all of

the rainfall between the months of Qctober and April.,

The study areais gmémlly well sewiccd by infrastructure for public hygiene. About 99 % of
the houscholds arc serviced by WAJ domestic water supply system.  (According to the
household survey coriduicted by us in December 1994, 96 % of the houscholds use WA pipe
system, 3 % use WAJ water tanks and 1 % use welis). However, watér ratiomng is ruqunred
in some areas, particularly, during the suminer season. The lnslajhuon of -roof (mk!ground
reservoir and purchasing domestic water from private water tankers is common practice. Public
heallh is being affected by deferiorating water quality caused by wasle water intrusion into the
wells.

In Zarqa Govemorate, about 58 % of the residents are connected to the public sewerage sysiem

and the remaining 42% use cess pools. This is a relatively high installation ratio compared (o

other dcvelopi'ng countries. However, waste water volumes exceed the capacily of the

treatment plant installed at As Samura by more than twice, which results in discha’rging

partially-teeated water into rivers which deteriorates the living environment in Zarga. Sewerage

effluent is also used for agricultural irrigation which and has contributed the deterioration of
- public health and hygiene. |

Other unfavorable public hygiene & health aspects in the Study Arca are rapid urban't?hiion and

“industrialization, l:ncreascd traffic and discharges from major factories installed along Ruseifa -
Zarqa municipa]i.lies cause aif pollution and water conlmnin:ili(:)n,. EA(’.cord_ing to our factory
survey, sorhe factories are dumping industrial wastes and studge into the public sewer lines or
directly into Zarqa river without proper freatiieat.

All the wastes from factorics and households in the Study Area are coltected by trucks and
dumped ot the designated disposal site for land reclamation located in Rusaifa, a few hundred
meters east from the Zarqa - Amman Highway. '

The land near the boundary of Rusaifa and Amman is allocated for liquid waste disposal. ‘The
- liquid waste is collected by tankers with a capacity of .10m3 and dli:l\ped'into a waste water
. pond for cvaporation. However, contaminated water from the pond is occasionally flushed out
into the tributary of the Zarqa river during the winter scason.. |

Land Use
Thé present urban development in the Study Area can be grouped into !he followmg three

differeat devetopment categories:

-2



Chapter HFS

Residential devc_p opmCi
- Considering the rapid urbanization observed in thc Smdy Area, the most important factor is

residential developnient. Residential development started from the core of the municipatities
such as Zarqa city and Rusaifa as well as Hashemeyeh and Sukhna. The developnent area has
been expanding in the west to south dircction from the core. New housing development is
underway in Awajan, north of Zarqa and north Hashemc)_"eh. At present, there are ten on-going
public housing projects in the Study Area, providing 5,307 plots / buildings for the estimated
served population of 82,080

industugl development
The Study Area has been rucogmzcd as the most mduslnahzx:d area in Jordan, and major

industrial establishments such s a petroleun refinery plant and a thermal electricity power plant
are concentrated _a.rbund_ this area. In addition, most major industrial establishiments are located
in the Study Area, particutarly along the Zarga-Rusaifa comidor from the south of Zarqa (o the
cast of Rusaifa. Reccml)_f, govermnment agencies have been directing neéw - industaal
establishiments to locate on upland areas to the south of Za:qzi to facilitate access from the
Amman-Zana highway.

Refugee camp devélgpglm; . _
Three Palestinian rci‘ugec camps are located in the Study Area, namely, the Shennuler camp, the
Zarqa camp, and the Sukhna camp, each of which was established in 1968, 1948, and 1968,
respectively. Population in the camps, except Shennuler camp, scem to have already reach_c-d

saturation levels.

Present tand use in the Study Area is prepared by lhc NCA Sludy Te'un The composmon of
land use in the Study Area is prescnted below, :

Present Land Use

. Land Use _ Area _ Percentage
' Residential Area 29.0 km? 320 %
- Mixed Arca 11.2 km?: 124 %
Industrial Arca 72 kmi? 8.0 %
Agricullural Arca 3.7 km? ' 4.1 %
Public Area 1.9 km? 21 %
Opei Space Area 1.4 kny? 1.5 %
Refugee Camp 0.8 km? - 09 % -
Vacant Land 353 km? - 39.0%




Chapter HFS

1.3 Objective

The master plan identifics the following issues to be resolved;
- High UFW (including teakage) ratio,
- * Inadequate distribution system
- Shortage of water resources, and
- Low quality of existing water resources.

1.3.1 Reduction of UFW

Scarcity of water resources will continue to be an important constraint to the deVélopmenf of
water supply $ystems throughout Jordan at least uniit the target year 2005. This constraint also
conirols the development of the water supply system in Zarqa. Largé efforts h(_\i’é been made (o
solve ‘the problem of scarce water resources including: 3] dev::loping additional water

résources, 2) rationalizing water allocation ainong the domestic (municipal and industrial) and
the agricultural sectors, 3) rationalizing water usage within the domestic sector etc.

The development of new walter resources has been slow because hydrological polenlial is simall
and high marginal cost. The peace treaty between Isracl and Jordan in October 1994 has paved
the way for additional water resources. Vasious studies are underway to defermine how to best
~ utilize the new waler resources. Water shortages will not be climinated within this century even
projects 1o develop new watcr resources could be started now since project implementation wilt
usually take approximately S years. Water shorlages might begin to be alleviated by 2005
judging from the various studies now in Progress. ' o

Even with new sources of water, shortages may continug to be a problem dcp‘cnding upon how
the produced water is utilized effectively and efficicntly within the disteibution sys!cilms'. If the
current level of UFW ratio of more than 50 % is not decreased, it can be said that new water
resources are being developed only to be wasted. Recognizing the importance of UFW, WA
' has been expanding rehabilitation programs for various cilies including Zarga, aiming at
* reducing UFW ratio although the most important but tedious active leakage control measures
* have not yel been exercised regutarly. Leakage control measures are the only solution to
© mitigate water shortages untit additional water kesources are allocated to the Zarqa watcr‘.supply
system sometime by the target year 2005.

1.3.2 Zoning System

To supplement the above leakage control measurcs, a zoning system will be implemented to the

Zarqa water supply distribution system in order to :1) avoid excessive water presstire which is
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~ one of the causes of leakage and 2) distribute water equally to edch part of the Study Area.

Equal distribution is important because additional water might aot be avaitable by the target
year. In order to facilitate the zoning system, trunk facitities such as’ (ransmission lines,
pumping stations and service reservoirs will be provided.

1.3.3 Utilization of Existing Wells

E:ff'ort_s'are made 1o use the existing wells within the Study Arca as much as possible,

Unfortunately, water quality ‘ih'th:ese wells is not good due to their proximity to the upper
“aquifer system. Hence, blending with the better qtiali_ly-wate'r from oulside the Study Area is

proposed although this will réquire fong-distance transportation of the raw water to the blending
stations.

1.4  Water Demand And Water Sources
1.4.1 Popuiation Served

Efforts are made to use the existing wells within the Study Arca as much as possible.
Usifortunately, water quality in these wells is not good due to their proximily to the upper
aquifer system. Hence, blending with the better quality water from outside the Study Area is
proposed although this will require long-distance transportation of the raw water to the blending

slations.

Projected Populaﬁon in the Study Area _ -
_ _ (Person)

- Municipality  /Year 1994 2000 2005 2015
Zarga 344,524 306,600 460,000 577,500
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 Casiyp 36,218 42,500 47,900 59,500
Total 534,674 GA4,800 739,300 918,500

' S_ou'rcéi HICA Study Team
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'1.4.2 Water Demand
The present unsuppressed per capita consumption 70 Iped (dry pcﬁbd) will uniformly increase

1o the target values of 75 Iped in 2000, 80 lpcd in 2005, 85 Iped in 2010 and 90 Ipcd in 2015,
Thic table below presents results of annual water demand forécast:

Water Demand

Year 1994 2000 2005 20010 2015

Population * 534,674 644,800 739,200 832,300 938,500
Accovnted-for-Water (m3/day) © 37,400 - 48,400 59,100 70,700 84,500
_ (tped) 70 .75 80 -85 - G0
Unaccounted-for mMdayy  43.900 44,700 42,800 39,800 36,200
Water
(%} 54% 48% - 42% . 36% . 30%
- Average Water (mdayy ~ 81,000 93,000 102,006 111,000 121,000
~ Consumption ' _ :
- (Ipcd) - 151 144 138 133 129
Peak Factor :
(daily max fdaily ave.) 1.20 1.20 1.20 1.20 -1.20
Maxtmum Waler m¥day) 97,000 112,000 122,000 133,000 145,000
Consumption ) S
- (Ipcd) 181 174 165 - 160 155
Annual Water (MCM/ 286 - 339 312 40.5 44.2
Consumption year)

1.4.3 Water Sourcés

Water sources cumnﬁy uscd for Zaxqa are chsmﬁed into three groups:

Y Own resources such as Zarga, Hashemeyeh and Awajan wells which are produccd and :

consumed in Zarga,
2) Imported resources such as Za'atari wells which are produced in Mafraq and used in
‘Mafraq, Irbid, Zarga and Anunan.
3) Commen resources such as Azraq, Halabat and Khaldia wells which aré produced in
Zarqa and consumed in Zarqa and Anunan.

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

NIore Serious.

WAJ has been planning for additional water resources development to meet the demand for the
capital Amman and the whole country. These additional water resources are expected to come
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from the west and south and their tocation will influence the future arrangeiment of the Zarqa

water supply system.

“These additional water resources will probably not be available until the early 2000°s. When
they do become available, it is assumed that part of the water resources from Azraq, Za'atai
elc. to the east, which is now sent to Amman, will be divested to Zarga, providing up to 938 Us
{30 MCM/year) in 2005.

After the target year of 2005, further water sources will become available. Based on the water
balance for the whole of Jordan, available water resources will be adequate and existing souices
can reduce their groduction by half in order to avoid depletion. Thercfore, exported resources
such as Ruseifa valley wells will be dedicated to the exclusive use Zarga. Additional water will
come from the west. The amount from the west will teach 741 Us (24 MCM/year) in 201 5.

Water Source And Quantiiy

Vear 1505 2005 3015
Water Source , (I/s) (I/s) (V/s)
Khaw (Za’atari, Khaldia, Halabat and Azraq) * 340 #938 (660) 555
Zarqa N 140 140 70
Hashemeych 150 150 75
Awajan . 130 130 65
Murhib - 19 19 10
Wells in Rusaifa (Phosphate, Hutteen, Bassaicen, Rusaifa 18) 36 j 36 20
Rusaifa valley wells o S B 140
Unspecified New Source from West Side ~ ~ + - ‘. - AL
Total 8IS 1,413 1,676

* Current yleld is 1,110 Vs and the remaining is sent to Amvnan.
# 938 is required either totally from Khaw or Khaw and Rusaifa 4 in 2005.
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Rehabilitation and expansion of the existing water supply system will be undertaken under the

Stage 1 Project. This sub- section develops the design concepts and the preliminary design of
the expanded facilities to determine the technical requireinents and capacity of each facility.

'The projects which were identified under the first stage program in the master plan and for this
feasibility study, are presented in Table 2.1 and Fig, 2.1.

2. Design Concept

2.1.4 Pumps

1y  Type of pump:

2) Number of pump:

Selection of a mulli—stagé volute pump suitable for high [ift
Instatlation of pump at lower position of suction water level for

casy operation, omitting vacuunt pump equipnient

instaltation of 4 to 5 duty pumps for the large scale puinping
stations of Khaw and Awajan (sec Figs. 2.2 to 2.3),
transmitting constant flows and controlling pump operations
with numbers for seasonal water demand

Installation of 3 duty pumps for the small scale pumping

* stations of B'\tram and Rusaifa

instaliation of i standby for cach pump set

3) Control of pump operation:

Conlrol based on water Jevels of service reservoir
Telemctry system for Khaw pumping station

4} " Flow meter and control vaive:

5) Hoist crane: -

6) Headerpipe: - -

'7) 'Building: .

Instaflation of venturi type flow meters with indicator, recorder

and integrator for controlling the transmission flow

~Installation of builecfly type control valves for n,guh!mg the

{ransmission flow

‘Monitoring of the flow mtc in each pump station
Tnstallation of hoist crane for each station for pump installation
and repair -

Instaltation of steel header pipes on suction and delivery side of
pumps

“Reinforced concrete structure for columns and beams, and

concrete block structure for wall

20
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FACILITIES FOR THE STUDY

Target

Facility

Sizc

1) Reductlon of UFW

Replacement of Distribution Pipe

Re placement of Service Pi pc' and Meter

Creation of Disteict Metering Area

150 mm X 17.4 km
100 mm X 75.0 km
SO mm X 131 km -

12,700 meters
“20 mm X 140 km

25

- Transtnission Pipe

- Pumping Station

oo Rusaifa Pump for Rusaifa81SRes
‘- Reservoir .

- Distribution Pipe

Zoning System
Khaw PS - Batrawi Res

Batrawi Res - Res 715
Batrawi Res - Hashemeyeh offtake

 Hashemeyeh offtake - Hararieh Res

Hashemeyeh offtake - Sukhna Res

Khaw PS - Awajan P'S

* Awdjan PS - Awajan 695 Res
" Awajan PS - Awajan 635 Res

Awajan PS - Rusaifa 750 Res

_Rusaifa 750 Res - Rusaifa81SRes
. Khaw Pump for Balraw: Hasarichand

Sukhna
Khaw Pump for Awajan PS
Batrawi Pump for Res 71§

- Awajan Pump for Awajan 695 Res

Awajan Pumip for Rusaifa 750 Res

Batrawi 650 - Expansion
Res 715 - New

Hararich Res - New
Sukhna Res - New
Awajan 695 Res - Expansion
Awajan 635 Res - New
Rusaifa 750 Res - New
Rusaifa 815 Res - New
Rusaifa 845 - Schneter
Rusaifa 750 - Rusaifa
Being revised

200 min X 7.9k

400 mm X 2.2 km
400 mm X 0.1 km

00 mm X 2.3 km

250 mm X t.9 km

1200 mm X £.0 kin

150 mm X 6.8 kmi

600 mm' X 12.2 km

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

600 mm X 6.6 km

400 mm X 1.8 km

87 m3min. X 77 m X 3I0kWX 6

4.1 m¥min, X 79 m X 110KW X §
2.7 m3min. X 87 m X 75 kW X 4
5.4 m'3fmin. X12lmX220kWX 5

* 4.4 mYnmin. X 193 m X 290 kW X 6
32 3min. X7TSm X TS kWX 4

12 500 cublc meters

" 4,000

2,000
1,000
5,500
2,000
10,000
5,000
4,600
1700

_‘3) Utilizatlon of Existing Wells

"I Collector Tank

- Cotlector Pipe

- Zarga well - Khaw PS

Hashemeyeh - Khaw PS -

- Awajan 23 well - AwajanP$
. Rusaifa valley wells - AwajanPS =
: ?ﬁrqa well - _
" Hashemeyeh - Khaw PS
Rusaifa valley wells - Awajan PS =~ -
. 5,000 m3 .

Khaw PS

) Awajan P§ - New

Khaw PS

250 mm X 5.7 km

Existing :
300 mm X29km
3.0 nrhnm X 150 m X ISO kW X1
3.0 m¥min. X 150 m X 150 kW X 1
EXISHNE i,

Existing (£2,000m3)

T PR

PS:

Pumping Station

Res:  Reservoir
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8) - Water hammer device:-Instaflation of water hammer devices for high-lift pumps in

2.1.2 Pipe

1) Diameter: -

§ 2) Pipe material: -

) Joint: ;

Awajan high zone and Rusaifa low zone pumping stations.

100 mm, 150 mm, 200 mm, 250 mm, 300 mm, 400 mm, 500
mm, 600 mm and 800 mm
Ductile iron pipe with cement mortar lining and tar cpoxy

- coaling for "lransmizss_iorl and distribution pipes
‘Push-in type for pipes and thrust blocks for bends and tees

4) ' Air-valve and wash-out valve:

5) River crossing:

2.4.3 Service Reservolr

£) Capacity: -
2) Siructure: -

Installation of air-valve with quick exhaust type at the high
points and wash-out valves at the appropriate points for

‘washing of pipelines

River-bed crossing type
Steel pipe with cément imortar lining of electric arc welding joint
and teinforced concrete covering of oulside

8 hours for daily maximum supply
Reinforced concrete

'3) Over flow and wash-out pipes:

4) Float valve:

5) Flow meter: -

5 g, 6) Water level indicator:

Instaltation of over flow pipe in the reservoir
Installation of wash-out pipes

Installation of altitude valve for inlet pipe to regulate inflow by
water level | '
Installation of venturi type flow meter with recorder, indicator
and integrator for measuring of distribution flow
Accomimodating venturi tube in a reinforced concrete chamber
and indicator and others in small house '

Magnetic type indicator with floal
Installation on the roof of reservoir

'2.4.4° Chlorination System

Chlorination is usually provided at the reservoirs. There are eight reservoirs which makes
" the number and therefors the cost'of chlorination targe. In order 16 minimize the number,
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chlorination systeins will be located at the Khaw and Awajan pumpmg Stations sirice boih
stations will function as collcctmg ccmcrs of vanous soutces of well water

- Lengthy transmission pipelines such as the Hashemicych and Sukhna lines will consume
most of the residual chiorine, so that further chlorine will be added at the reservoirs to
maintain minimum residual chlorine levels. Thus, small scale chlorination systc;ﬁs will
be prolvide‘d at the outlet of Batrawi reservoir to Hashemeych and Sukhna reservoirs,

1) Chloriﬁ‘aﬂor:

Vacuum 'injection lype chlorinator “which - is no chlorine
- leakagc and possible to dosc the chlorine to higher point from
the chlorinator - | -
_ - 2 of chlorinator including 1_-'siéndby
2) DBooster pumps:

Installation of 2 pumps, i-duty and I-standby, to supply
pressured water to the injector of chlorinator

3) Evaporator: - Installation of an evaporator for use of 1,000 kg containers to
' inccease chlorine evaporation during the cold season
4). Hoistcrane: - Installation of a hoist cra_ﬁé to change 1,000 kg chlorine
containers |

2.1.5 Distribution Network

" 1) Pipes and accessories:
‘ SR - Confonmng to lransmlssmn plpcspccrﬁcatlons
) - Available héa_d:' - minimunt 30 m and maxlmum 90 m at the’ cnd of the
L o dlsinbuhon pipclmc

2.2 | Transmission S&stem

The water demand in each service area by the year 2005 will rot be much different than that of
2015, Therefore the system is planned to meet the water demand in 2015, However, the
shortfall for the water demand in Awajan and Rusaifa areas is expected to be suppleinented by
© Amman at Rusaifa low zone reservoir, Accordingly, the facilitics to Awajan 21 PS and Rusaifa
~ low zone rcserVoir are planned by the water demand in 2005,

A line profile survey was carried out along the transmission pipelines (and two major
distribution lines), interconnecling pumping stations and reservoirs. The lines are shown in
Fig. 2.4 and the results are attached to the Data Book. -

A topographic survey was also made for the proposed reservoirs and pumping stations (see
Fig. 2.5). Layout of pumping stations and reseivoirs is shown in Rigs, 2.6 t6 2.13,

2.4

e



Chapter 2/FS

2.2 Zarqa Low Zone Reservoir (RES 650) from Khaw PS

Water required ini Zarqd, Hashemeyeh and Sukhna zones is ransmitted to Batrawi low zone
service reservoir from Khaw PS. From Batrawi RES T-650, Water is pumped-up to Batrawi
high zone reservoir (RES T-716) and flows by geavity to Hashemeyeh and Sukhha reservolrs,
respectively. The pipetine is sized to meet fransmission flows into the year 2015, From each

' reservoir, water is distribuled to seivice areas by gravity flow. The longitudinal section and

hydraulic gradient of the pipeline ar¢ shown on Fig. 2.14.

1) Planned transmission flow:

- Zarqa low zone 573 Vs (in 2015)
- Zarqa high'zonc ' 134 Ifs (in 2015)
- Hashemeyeh and Sukhna zones 99 Ifs (in 2015)
Total flow 806 /s (in 2015) -
2) Pipeline: - ¢ 800 mm and 7,900 m long ' '
- velocity, v == .60 nv's
3) pumgp: - 4 duly units and | standby, total 5 units (1 unit is to be added in
' Stage 2)
- p300xp250x9.7 m3/min. x 77 mx 310 kW
double suc(io:n type

- Pump house with 165 m? and electric room of 120 m?
accommodatmg power distribution panel, switch gear panel ‘and

: " necessary panels, and momtonng rooim of 75 m?
" 4) Chlorinator: - 2 chlorinators (max. capacity of 6 kg/hy:
- 1 evaporator with a capacily of 50 kg/hr
- 2 booster pumps

2.2.2 Batrawi High Zone Reservolr (T-716) from Batrawi PS

Balrawi reservoir T—'? 16 is supplied with water by pumping up from Batraw1 PS.
The longnudmai section and hydrautic gradient of 1he plpelmc are shown on Flg 2.15.

1) Planned flow: - 134 Vs (in 2015}

2) Pipeline: - ¢ 400 in diameter and 2,200 m long (v = 1.1 m/s}

3) Pump: - - 2 duly units in and 1 standby unit, total 3 units (1 wnit is to be
. added in Stage 2)

. 150X p100x2.7 m*/min. x 87 mx 75 m smgle suction type
© - Pump house with 140 m?2 including electrical room
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2.2.3 Hashemeyeh (T-600) and Sukhna (T-580) Reservolrs from Batraw] PS

Hashemeych and Sukhna rescrvoirs (T-600 and T-580) arc supplied with water by gravity flow

from Batrawi low zone RES T-650. The existing 400 mm diameter plpelme between Zarga PS

and Hashemeyeh PS and the existing 150 nun diameter pipeline of from. Hashemeyeh PS to
“Sukhna will be re-used as transmission lines, The longitudinal socuons and hydrautic gradicnts
“of the plpclmcs are shown on Flgs 2. 16 and 2.17.

‘Supplementary chlorinétion system is_ prdvided at the reservoirs to increase residual chlori_né
levels at both T-600 and T-580 reservoirs becairse of the lengthy transmission lines.

Hashemeyeh area 72 I/s (in 2013)

1} Planned flow: -
- Sukhna area 27 s (in 2015)
Total flow 99 Vs (in 2015}
2) Pipeline; - To Hashemeyeh reservoir

@360 mm and 2,300 mlong (v = 1.4 mv/s)
¢ 400 mm and 100 m long (v = 0.8 nvs)
Existing ¢ 400 nun and 4,700 mlong .
%250 mm and 1,900 m long (v = 1.5 m/s)
- ToSukhna @200 mmand 1,000 m long (v = 0.9 m/s)
¢ 150 mm and 6,800 m tong (v = 0.8 m/s)
Existing ¢ 150 mm and 7,800 mlong
2 chlorinators (max. Capacity of 3 kg/h)
2 booster pumps

3) Chlorinator:

2.2.4 Awajan 21 PS from Khaw PS

" In accordance with the water demand increase in Zarga, Hashemeyeh and Sukhna areas in
future, the ransmission fow (0 Awajan 21 PS will gradually decrease. After the year 2010, the
waler is to be transmitted to Awajan PS from Rusaifa low zone reservoir by gravity flow.
Therefore; 600 mm in diameter of pipelirie is employed to reduce the pum'p head.

“Fhe proposed pipeline will .pass a hill of EL. + 660 m on the way to Awajan 21 PS. Pumping
will be required to pass the hill. A juniction tank will be built on the hill site to establish a free air
conditions. This tank will also act as a service reservoir for an adjacent pOpulailon area (refer to
Appendix B). From the tank, water will be transmitted to: Awajan PS by gravily flow. A

' longntudmal seclion and hydraulic gradicnt of lhe plpelme are showan on Fig. 2 l8

. 1) Planned flow: - 270 I/s (in 2005) - :
2) Pipeline: - 600 mmand 12,200 mlong (v = 1, 0 mvs)
3} Pumps: = ‘4 units in'duty and-1 unit stan_dby, total of 5 units -

" 2-6
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- $200X ¢ 150 x 4.1 m¥/min. x 79 mx 1H0KW
~ single suction type
~Pump héusc_? with 135 m?, electrical room 120 m2  and
monitoring rodm 75 m? (common use with Batrawi transmission
pump

2.2.5 Awajan High and Low Zorio Roservoirs (T-695 & -635) from Awajan 21 PS

The existing 600 mm in dnametcr pupehne from Awajan RES T-695 branching off the Khaw -
Amman line will be used as a transmission pipelinc. The water demand allotted in RES T-635 is

about 17 % of the total demand for thie Awajan area, It is proposed waler be pumped-up to T-
695 from Awajan PS and transmitted by gravily flow to T-635.

The flow pumped to T-695 is expecied to reach a maximum in 2010, Supplementary water
from Rusaifa RES T-750 will be directly conveyed to T-695 by gravity flow through a new
pipetine which will be mstalled under the Stage 2 Project. Therefore, the system is planned to
micet the 2010 demand. ‘

~ Water from the existing Awajan Rusaifa wells is received at Awajan 2] PS: for mixing to' the

water from Khaw PS. A chlorination system will be provided at the pump station to chlorinate
well waler.

The longitudinal scction and hydraulic gradient of the pipeline are shown on Fig. 2.19.

1) Planned flow: -  Awajan high zone © 297 Ifs (2010)
- Awajan low zone ' 61 I/s (2010}
Total flow 358 s (2010)

2) Pipelines:

$ 600 mm ( v = L.3 nvs) and 250 m long (to connection point
of g 600 nun existing pipeline from Khaw-Amman line)

- @200 mm {v = 1.9 nVs) and 800 m long for transmission pipeline
to RES T-635 from T-695)

4 duty unils and 1 standby unit

- $250x ¢200 % 5.4 m3/min. x 12 m x 220 kW
single suctiot type

[

3) Pumps:

- Pump house with 180 ni? and electrical room of 120 m?
~ {commen use of Rusaifa PS)

2 chlorinators (max. Capacity 6 kg/h)

- 1 evaporator with nitax. Capacity 50 kg/h

- 2 booster pumps

''4) Chlorinator:
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2.2.6 Rusaifa Low Zone Reservoir (T-750) from Awajan 21 PS

Water required in Rusaifa arca will be pumped-up to Rusaifa RES T-750 from Awajan 21 PS.
A corresponding increase in the water demnand for Zarga and Awajan areas, after 2005, will
resultin a d'_e:crease in flows transmitted to Rusaifa. After 2005, water is expected to be supplied
from Amman at. RES T-750. The facilities are planned to met the water demand in 2005, In
2015 the water supplied from Amman will be conveyed to Awajan and Khaw PS by gravity
flow. The !ohgiiudinhl section and hydraulic gradicn.t'of the pibcliné aré shown on Fig. 2.20.

A small scale chlorination system wilt be provided in Stage 1(- 2005) to supplement the residual
chlorine in RES T-810 du@ to the length of the distribution main to the Shennuler area. In Stage
2 (2006 - 2015), the system will be expanded to chiorinate the waler suPpliéd from Amman.

1) Planned flow: - Rusaifa low zone 271 Vs (in 2005}
Rusaifa high zone: | “135 Vs (in 2005)
Well water in Rusaifa arca: -36 Vs (in 2005)
Total flow 370 1fs (in 2005)

2) Pipeline: - ¢ 600 mm and 6,600 mlong (v = 1.4 m/s)

3) Pin‘np: -5 duly units and | standby, total 6 units

- $200x ¢ 150 x 4.4 m¥min. x 193 mx 290 kW
single suclion iypc
- Puimp house with 210 m? and electric room of 120 m?
4) Chlorinator: ~ - 2 chlorinators (max. Capacily of 3 kg/h)
- 2 booster pumps

2.2.7 Rusaifa High Zone Reservoir (1-810) from Low Zone RES T-750
Rusaifa RES T-810 will be supplied wilh water by pumping up from Rusaifa PS or T-750 to
supply the Rusaifa high zone and the Shennuler areas. The longitudinal section and hydraulic

- gradicnt of the pipeling are shown on Fig. 2.20.

1) Planiied flow: - 160 Us (in 2015)

-2} Pipeline: - @400 mmand 1,800 m tong (v = 1.1 nvs)
©3) Pump: - 2 duty units in and 1 standby unit , tolal 3 units (1 unit is to be
added in Stage 2} _
- ¢ 200 x ¢ 150 x 3.2 m3/min. x 75 m x 75 kW double suction
type | - '

- Pump house with 140 m2 including electrical room
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2.3.1 Khaw PS from Hasheémeyeh and Zarqa Wells

Water from both existing wells of Hashemeyeh and Zarqa is transmitted to Khaw PS for
mixing with low TDS water from Khaw reservoir. The existing transmission pipelines is used
for 400 mnyin diamteter and 8 kmi long as Zarqaline. On the other hand, Hashcimeyeh line will
be newly- installed with 400 mm in dlanmter and 5 700 m fong due to supcrannviated existing

*pipetine with 300 nim in diameter.

Direct puinping method by the well pumps is applied for both well fields {o Khaw reservoir.
Hashemeyeh No.5 well pump is to be replaced with new one because of shostfall of pump
head. Other existing pumps, Nos. 2 and 3, have enough pump head of 150 i and more.
Zarqa No. 14 and 14-a pumps afe also replaced with new one because they are not used for
long penod so far due to high concentration of TDS in well watér. The existing three pumps
replaced will be strored as standby after overhaul. Pumps to be procured under the Project are
as follows: '

1) Planned flow: - Hashemeyeh well field 150 Vs (540 m3/m)
- - Zarqa well ficld _ 140 Vs (500 m3/h)
2) Pipeline: - New collection pipeline is added for Hashemeyeh well field
- 400 mmand 5,700 m long
3) Pump: - Hashemeyeh well; - ¢ 150x3.3 m’ilmm x 150 m
X 150 kW x | set
- Zarqa well;  $200x 4.2 m3/min. x 130 m

x 160kW x 2 sets
2.3.2 Awajan 21 PS from Rusaifa Valley Well

Rusaifa wilt transmit 1,000 m3/h (278 Us) of well water to Ammian in 2005, It is considered
that the existing 400 mm diameter from Zarga PS 10 Rusaifa will be partially used to avoid
congestion of the main plpehne in the street and at the Zarga river crossing. The flow will be
reduced to 140 Vs by 2015. The existing pumping head will be sufficient from Awajan 2t PS
bec'mse the pipeline is at a lower elevation and shorter than the one for Amman.

) sziied flow: - 278 ¥s (in 2005)
-2) Pipeline: - Bxisting ¢ 400 mm and 1,900 m long (2.2 nv/s)
- New ¢ 500 nun and 2,900 m long (1.4 nv/s)



Chapter 2FS
Rehabilitation and extension facilities executed uhdc( Stage 1 Project aré summarized on Tables
2.2 t0 2.4 and plans of pump stations are shown on Figs, 2.11 and 2.12.

2.4  Distribution System

The whole service area is divided into five areas; Hashemeyeh, Sukhna, Zarqa, Awajan and
Rusaifa, and furthermore, Zarqa, Awajan and Rusaifa areas are also divided in high and low
zones due to the topographical condition. These'aréas' and zones aré individually established
with service reservoirs and supplled by gravity flow with a minimium 30 m of water pressure at
the end of distribution network.

2.4.1 Service Reservoir
The reservoir is sized for 8 hours capacily at daily maximum deinand in 2015, Half the cabacity

of the reservoir will be constructed in Stage 1. The capacily, dimensions and water levels of
each service reservoir are shown on the following table:

" Zone Name Reservoir-  Demand Required  HWL LWL Dimension No. in
Name in 2015 Capacity {m) {m). {ny) Stage 1
; @3
- ZargaLow R-650 49,500 12,500 '+ 651 +644 25x 18x7 2
| . ' (4,500) : (3,125 m3)
" Zama bigh R-716 11,600 4,000 +720 4715 166x11x5.5 2
- | | {1,000 m3) |
‘ Hash_emeyé,h R-600 6,300 2,000 '+ 600 © + 595 20x10x 5 1
s - | o _ (1,000 m3)
Sukhna R-580 2,400 1,000 +580 4575 10x10x 5 1
(500 m3)
Awajan low R-635 5,700 2,000 T+ 640 + 635 18x 11 x5 1
- - | (1000 m3)
Awajanhigh  R-695 27,900 - 5500 +698 +693  20x138xS 2
_ - (4.500) (1,375 m3)
Rusaifalow  R-750 - 27,700 10,000 +757 +752 28x18xS - 2
' _ : ‘ (2,500 n_\3j _
Rusaifahigh ~ R-810 13,800 5000 4815  +810  20x125xS 2
(1,250 m?)

Note: () shows the capacily of the existing reservoirs.

2-10
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24.2 Other Reservoirs for Junction and Blending Well Water
1) Junction tank in Khaw - Awaj{m (ranstission system

The pipeline route from Khaw PS to Awajan 21 PS passes through hilly areas. A junction tank

will be built at the highest point to contro} pump operations from the water level in the tank.
Water will be transmitted from the fank to Awajan PS by gravity flow. The capacity and
dimension of the tank are as follows

- Capacity: © 1 hours volume for the planned flow rate, 1,000 n3
- Dm‘nen_sxon. 20mx 10mx 5 mx 1 unit
2) Awajan reservoir

Water from Awajan wells (130 Is), and Rusaifa wells (278 Us}, will be collected at Awajan 21 -
PS where mixing with water from Khaw PS. will dilute TDS (Total dissolved solids). Water
will be transmitted from the Awajan collection reservoir to the Awajan and Rusaifa service
reservoirs by pumping. The capacity and dimensions of the reservoirs are as follows:

- Capacily: 2 hours capacity of the planned flow rate, 5,000 m3

- Dimension: 25 mx20mx 5 mx 2 units

2.4.3 Distribution Plpes

A zoned distribution system will be established in s:lage' i. Accordingly, most of the trunk
mains from the service réservoir will be msta]led in Stage 1. The dlsmbution network pipes in
the newly developing areas will also be installed in Stages 1 and 2.

1) Zarqa service area

The Zarga service area will be separated into high and low zones. The high zone is being
clcvé,loped and new distribution network pipes will be installed. The low zone covers the
exis.ting service area and the newly developed area now in progtess. The new trunk mains will
be installed from the reservoir in Slage i. The followmg distribution pipes will also be installed

in Stagc 1.

_ Pipe Length in Zarqa Zones
“Diameter . 600 500 400 300 250 200 00 Totl
Towzone 2,800 300 500 100 300 6400 17,200 27,600
highzone = O - 7000  -700 O 900 600 24,700 27,600
Towl 2800 1,000 1200 100 1,200 7,000 41,900 35,500

21
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Unit: : Diameter in mm, Pipe length in m

'2) - Awajan and Rusaifa service arcas
Both service arcas will be divided into two zones, high and low. According to the establishment
of the zoning system, each zone has a service reservoir and distribution trunk mains which will

be installed in Stage 1. Areas covered by cach zone are as follows:

Awa_]an low zong: the existing Awa_]an low area and new area being dcveloped below

‘599 m elevation . :
Awajan high zone: the existing Awajan high area and new area being developcd and.

the existing Rusaifa low arca, from 600 mto 660 m clevation

Ruisaifa low zone: the existing Rusaifa high area and new area being developed, from
: 661 mto 714 m elevation |
Rusaifa high zone: the existing Shennuler area and new area bcmg developed, abovc

‘715 min elevation

The following distribution'pipcs are planned to be installed in Stage 1.

Diameter 600 S00 400 300 250 2000 100  Total
Awajan | |
low zone - - 1000 2500 - 1900 5,000
high zone - 300 2,600 2,900
TAwgan - 1000 2000 300 4500 39,300 47,200
 Total -
| Rusaifa :
lowzone 3,100 . 3900 800 - 1,700 9,500
high zone .- 5700 - - 1;400 8,100
Rusaifa 3100 - 9,600 800 4100 39.300 56,900
Total--_ o .
Total 3,100 TTT10,600 2000 300 8.600 78,600 104,100

Unit: [jiameterin mn, Pipe length in m

2-12



Chapter 2/F8

3y Hasheméyeh and Sukhna service areas

Water requited for the Hashemeyeh and Sllkhna areas will be transmitted from Batrawi
service reservoir by gravity flow . Bach area will be supplied by independent reservoir.

The folloWi:xg distribution pipes are planned to be installed in Stage 1.

§: . Diameter 1300 250 - 200 150 100 ‘Total
| Hashemeyeh 900 - 900 - 3,600 5400
Sukhna - - 800 - 3,200 4,000

Unit:  Diameter in wim, Pipe lengthin m

2:13
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3, Awajan Pumping Station
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HASHEMEYEH
SERVICE RESERVOIR

FOR THE ZARQA DISTRICT
JAPAN INTERNATIONAL COOPERATION AGENCY -

_ THE STUDY ON Fig-2.14
THE IMPROVEMENT OF THE WATER SUPPLY SYSTEM g -e -
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Chapter 3/ES

‘3. ORGANIZATION AND OPERATION/ MANAGEMENT

“This section highlights four satient issues related to the operation and or'gahization' of the Stage 1

Project: 1) organization for project impleientation, 2) operation and maintenance of the
completed facilities, 3) teakage contro! and district metering and 4) accounting.

3.1 Project Implementing Orgéniz‘ation

For the sircéessful implémentation of the Stagie T Projoct, a Project Implementing Office (PIO),
headed by a Project Mariager (PM), will be orgamzcd under the Assistant Secretary Genetal for
Project in WAJ Zarga.

The Project contains civil works for rehabilitation and expansion, which are considered slightly
different in nature. T is therefore recommended thal two teams, Rehablhtatlon team and
Expansion team be organized under PM. Each tecam consists of staff and engineers for
inspection, design and construction administration. They will be mobilized from WAJ Zarqa
and/or WAJ head office. |

For assisting with design and const_mclion: supervision, engineering consultants will be
employed throughout the detailed desiga to construction slage.

Contractors selected through internationalflocal tender, will be involved in the construction
works under the supervision of PIO with the assistance of consultants.
The organization for project implementation is presented in Fig. 3.1.

‘3.2 Operation of The Completed Facilities

Without proper cperation and maintenance all cfforts made at the planning, design and
construction stages to achicve cost efficiency and maximize effectivencss of the designed
facilities will be in vain. Therefore careful attention is given to all WAL, operational aspects.

As described in the Part T Long-term Development Plan, WAJ Z;fir(ia has a very limited number
of qualified engineers and experts. However, WAJ Zarqa staff have acquired a certain level of
skills and technology particularly in the field of operation and control of pumps/valves through

the long term operation of the existing water supply system.

Forlunately, facilities’ proposcd under Stagc I Pro_;ect will not rcqu:rc many specml skitls for
Operanon “The rcqulrcd skill sets’ will be similar’to those already used for operating and

~ maintaining the existing system which consists of purping stations, sevéral reservoirs and plpe

network,
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Stafﬁng levels required are estimated below. In principle, they will be shifted- froim exlstmg
staffing resources in the Operation & Maintenance Dcparlmem '

Number of Staff Required qu; Pump Operation

Supetintendent Mechanical - Electrical Total

Khaw i 2x3 shift_s | | x 3 shifts LY
Batcawi : Ex3shifts . 1x3shifts 6
Awajan I 2x3shifs  1x3shifts 10
Rusaifa s . 1x3 shifts * 1x3 shifts - 6
Total T 2 18 2 m; pers.

| From the above table, it is reconm}ended lo recruit quahfled staff particularly in the ficld of
clcctncal and mechamca] chgineering and provldc appmpnate trammg

" A telemetered supervisory system is proposed for monitoring pumping slations, reservoirs and
pipe hetwork. 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 central station (Khaw PS)
where relevant data will be dlsplayed 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 Zarqa pumpmg
station and scveral small booster stations, and establishing continuous water supply throughout
the service area

3.3 leakage Control And District Metering
 3.3.1 Leakage Confrol Measures

. WAJ's curcent practice for leakage control is characterized as passive one. Upon 'leakage found,

- a survey crew organized under Operauon and Maintenance Dcparlment repairs the leak with

R limited equnpment and materials, Active !eakagc control is the most urgent and reconnucndabh,
measures to reduce the unaccounted-for water, :

WATJ Zarqa has a considcrable lack of skills and equipment for leakage i:omol. To overcome

~ this situation, a leakage control team will be Or'ganimd under the Administration of WAJ Zarqa.
The team will conduct active leakage control on a routing basis. Its pmposed orgamzatmn, staff
tevels, equipment requirénients and a tenlame survey scheme is drawn up and descnbed as
follows: '

3-2
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) Organization

‘The team, headed by one leakagc control manager, will be responsible for leak control activities

in the whole service area of Zarqa District, The team will consists of 3 leakage conirol sub-
teams, 6 leakage repair sub-teams, one design and recording sub-team and one equipment
control sub-team with the following number of staffs and technicians:.

Sub- Tcam ' | No. of Sub-Team  Technician ~ Staffand Clerk  Worker

: Lcﬁkage Dcte:ctlon 3 _ 3 3 6
 LeakagéRepait =~ 6 : .6 6 30
- Design and Recording | i 2 4 0

Equipment Control 1 i 3 0

Total : 11 i2 16 36

Major activities of each sub-team are described below;

Leakage Detection Sub-team (LD)
Three sub-teains (LD) will be responsible for leak detection of pipelines located in Zarqa North,

Zarga South and Rusaifa. They will conduct direct souﬁding along the existing pipelines on a
routine basis. All information on the exact location 6f leaks detected, diameter of pipes, pipe
materials used, and pipe depth will be reported immediately to (he Leakage Repair and Design
& Recording sub-teams,

Leakage Repair Sub-team (LR)
Each of the two LRs will work under one LD. Upon request by the LD, lhe LR sub-team will
carry out a preliminary survey at leak points and - prepare the desrgn for leak repair in

cooperation with the Design & Recording sub-team to specify bills of quantities for leakage
repair, When any interruption in service is required, necessary procedures to obtain public
understanding and cooperation shall be faken under direction of the leakage conirol manager.
Bills of quantities will be reported to the Equipment Control sub-team.  Upon receipt of the
miaterials and equipment, LR will carry out leak repair. Because of the natare & volume of the

 work, pipe reptagement migh',t be more economical than the leak repair. In some cases it may be
 more pr‘aétical to tender the work to contractors.

Design & Rcco dmg Sub-team (DR}
The DR is responslb!e for the design of p:pelme repair and will prepare bills of quantitics, as-

' bullt dfawmg and update system maps based on information given by the LD and LR, All

drawings will be computenzed for easy reference and update
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" This sub-team is rcspon&blc for purchase, provision and control of survey equipnient and

materials including prepatation of budget for the approval of the leakage control manager,
(2) Materials and Equipment

Survey equipment c'urrenﬂy available at WAJ Zarqa includes several sels of portable ultrasonic
flow metcrs ‘pipe locators, leak detectors, leak noise correlators etc. which were uSed under
the current study. They should have a useful life of 5 <7 years at least. Therefore, it is more
“urgent to be provide materials specifically required for leak repair such as pipe cutters,
couplings, leak repair bands, boring (tapping) _11}achin$:f6r.brmching, branching saddles and
survey vehicles. All of the above will be purchased under the Stagc 1 Prbjecl.

(3) Operation Scheme

Leak detection will be practiced twice a week by WAJ _staff during night shifts. Work will
progress at the maximum rate of 1- 2 km pipe length/ight. . Hence, 300 km (= 50 weeks x 3
teams x twice x 1 k) of distribution pipe will be surveyed in onc year. It should take 2 years
to cover the whole service arca. At least three cycles of leak detection will be required to
achieve the target UFW ratio (30 - 40%). Although initial leakage control activilies may be
completed in 6 years, itis ‘irccoxmncﬁded that WA exercise leak detection on a continuous basis
and periodically revicw it's activities to plan the scope of future léakage control programs.

(4) Others

© Mobilization of staff is urgently required to organize the leakage control team. Technotogy for
'~ leakage control will be 'wqmred lhrough years of experiences at the site or through on-the-job
training. Accordingly, itis considered efficient to assign several pipeline engineersftechnicians
under the leak control leaderfexpert for on-the-job training,

3.3.2 District Mstering

" To supplement the above’ plan, metered districts will be established in the service area.
5 Objeclives of district metering are to measure inflow rates and fluctuations in the designated
areas, lo cargy out step testing periodically and to obtain the basic data and information required
- for determining priority areas for leakage control.

To this end, demarcation and number of the district metering areas are provisiohaﬂy determined

mainly from the configuration of the existing pipe network and topographical features of the
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area as presented in Fig.- 3.2. A total of 25 meter d:stncts will be formed in the e;ght (8)
dlsmbuuon zones of the service area,

District metering will rcquire' 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 integrated flow rate. Meter
readings will be taken at the same time of the day by WAJ staff every three montbs at least and
preferably every month,

The accuracy of the flow meters vsed for district metering is obviously important,  Portable
ultrasonic flow meters may be helpful for calibraiion. Annual calibration is recommended.

The measurements obtained shoutd be used to deterimine the (otal quanlity of water entering the

- meter arcas.  For each area, comparisonbﬁhis quantity with WAJ consumption records may

provide useful information on where leakage/UFW are dominasily taking place. This
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 metering and billing
zones established by WA Zarqa will be rearranged to match the metered disiricts, -

3.4 Improved Accounting System

" To improve operaling efficiency, WAJ is planning to decentralize. Most of the functions

carried out by WAJ Zarqa are now under the control of WAJ headquartess.  With respeet to
financial matters, all the bills collected by WAI Zarqa are eemitted to hcadqua:lcra. and managcd_
there. All WAJ Zarqa budgets are also comroiled by hcadquatlers '

WAJ Zarqa only controls ininor cost items such as wages for daily workers, local
transportation costs, equipment and spare parts less than the designated amount {max. JD 500).
Most of the operating costs including salaries of staff, electricity, chlorine, machinery,
equipment, ctc. are being procured or paid for by headquarters. Under the circumstances, cost
accounting cannot be introduced, which causes less efficient operations at WAJ Zarqa.
Facilitation of decentralization schemie is urgently required in order to introduce cost accounting
in WAJ Zarqa. | |
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4. COST'EST_IMATES

" The prOJecl cost for S!agc I is cstimated as follows broken down into’ Foreign and Local
Currency Componcms at the price level ot‘ September 1995:

" Foreign currency poftion (F/C)  US$ 44,600,000  (70.8 %)
o Local currency portion (L/C) US$ 18,400,000 (29.2 %)
§ . Total US$ 63,000,000 (100 %)

Th:, costs are composed of l‘ch'lblllta!l{)n works costs, land aoqumuon cosls construction’
costs, administration and engincering costs and physical contingency costs. The foreign
currency portion includes the costs in CIF price of equipment and materials to be imported and
the local currency portion inchides the costs of labor, equipment and materials procured locally,
customn clearance costs and transportation cosls of imported cquipment and materials.

Basic conditions and assumptions for the cost estimates are described below:

- unit prices of pump equipment and pipe materials are based on the quotations obtained
from local agents
§) - unit prices of labor and equipment and nmtena!s for civil engineering works are - based
on current prices as of September 1995 _

- unit prices for service reservoir and puu'np house arc based on the quotations obtained by
from local consultants _

- engincering and administration costs arc estimated for required engineering services such -
as detalled design engineering and field survey /soil investigation costs and constsuction
supcmsnon ‘and WAJ administration costs for the project execution _

- the exchange rates used reflect the prevailing exchange rates as of September 1993, The
cxchange rates used in the cost estimates are as follows: |

Us$ 1.0 =JD 0.7 = Yen 100 (JD: Jordan Dinar)

- the import taxes and duties on the construction equipment and materials to be imported

are excluded

fg* Summary of the project cbsis arc shown on Tables 4.1 and the breakdown is attached in Table
4.2,
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GE 1
~ (Unit:US$ 1,000)

Ttems “FIC LC " Costs
Rehabilitation Works 8,870 397 5,767
Land Acquisition Cost - 330 330
Construction Works _ ,

- Trahsmission Pumps - 13,241 1,443 4,684

- Fransmission Pipcs 10,698 5237 15935

. Service Reservoirs 1,545 2317 3,862

- Distribution pipes 10,903 5,543 16,446

Sub-total - 26,387 14,540 140,927

Enginecriﬁg Costs and Administiation 5,510 1,050 " 6,560
Cosls

Physical Contingency 3,833 1,583 5,416

Total Project Costs 44,600 18,400 63,000
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~ (Unit : US$ 1,000)

Particular [ Deseription }Quantity|Unit] Amount | F/C | LIC
1. Rehabititation Works
1} Custom meter replacement 13nim 12,700 m 381 343 KL
2} - Service pipes replacement 20 mm PE 140,000 m 2394 2155 230
' 50 mm PE 13,100 m 317 285 a2
3 Di'striibulio'n pipe replacement - DIP 100 mm 75,000 m 4500 4050 4501
: DIP 150 mm 17.400 m 1375 1227 137
“Sub-total 8967 8070 897
4) Leakage detector and other L LS 800 800 0
equipment
‘Total of Rehabilitation woks 9767 8870 897
2, Land Acquisition Coslis
1) Land for reservoir sites 14,550 m2 330
Total of Land Costs 330 0 330
). Transmission Pumps . : o
1) Pump equipment to Batrawi  310kW S sets 295 250 44
to Awajan 21 132 kW 5 sels 145 123 2
to RES 716 75 kW 2 sels 33 28 RN
to Awaj. RES 695 220 5 sets 220 187 33
kW :
to Rusa. RES 750 290 6 sets M8 296 52
KW | |
(0 Rusa, RES 810 7 2 sets 33 28 b
kW ' - .
ZarqyHashem well © 2 sels 66 56 1¢
-pump ' ) : ‘
~ Sub-total , Hao 969 o1
2) Flywheel equipment I nr 165 140 25
3) Etectrical cquipment 1 LS 857 728 129
4) Header pipes, flow meters, o _
conteol valves, chain hoists ete. LLs| o1 776 137
5} Pump houses RC 1 LS 871 0 871
6) Miscellancous works i LS 738 627 31
" Total of Transmission Pumps 4684 3241 1443
4. Transmission Pipes ‘ o
1} Transmission pipe works  DIP 800 mm 7,900 m 424 2963 1270
: : DIP 600 mm 19,100 m 6131 4202 - 1839
" DIP 500 mm 2,000 m 780 546 234
" DIP 400 mm 9,800 m 20166 1516 650
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Particular | Description . |Quanitity|Unit| Amount | RiC | LiC
' DIP 300 mm 2,300 m 361 253 108
© DIP 250 mm CH900 m: 241 168 M
DIP 200 mm 1,800 m 180 126 54
DIP 150 mm 6,800 m 53376 161
Sub-total 14630 10242 4388
2) One-way surge tank capacity of 360 m3 6 nr 648 259 389
3) Miscellancous works LS| s 197 469
Total of Transniission Pipes 15935 10698 5237

S.  Service' Reservoirs : -
1) Service reservoirs Hashemeyeh 1,000 .m3 170 68 . 102
' Sukhna S00 m3 85 34 51
Zargalow. zone 6,250 m3 838 335 503
Zarqa high zone 2,000 m3 340 136 204
Awajan low zone 1,000 m3 170 68 - 102
Awajan high zone 2,750 m3 377 tsi 226
Rusaifa low zone 5,000 m3 685 274 411
Rusaifa high zone 2,500 ) 343 137 206
2}y Junction tank in transmission -0 0 0
roote Khaw-Awajan 1,000 m3 170 68 - 102
3) Reservoirin Awajan 21 PS 5,000 m3 - 685 274 411
Tolal of Sérvice Reservoirs 3862 1545 2317

6. Distribution Pipes _ _

1) Distribution pipe works DIP 600 mun - 5,900 m 1864 1326 568
- DiP 5060 mm 1,000 m 269 188 - 81
DIP 460 mm 11800 m 2608 1825 182
DIP 300 mm 3,900 m 612 429 184
DIP 250 mm 1500 m 194 135 . 58
DIP 200 mm 17,300 m 1730 1211 §19
DIP 160 mm 126900 m 7614 - 5330 2284
~ Sub-toal 168,300 14921 10444 4476
2) Miscellaneous works 1 LS 1,525 458 1067
Total of Distribution Pipe Works 16446 10902 5543
7. Engineering and Administration Costs 1 LS 6,560 5510 1050
8. Phystcal Contingency 5,416 3833 1,583
TOTAL PROJECT COSTS 63,000 44600 = 18,400

.
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