understanding is the fundamental requirement of any organized managenient of network

operation and mainténance. For example, how cani one decide whether an important water

~main or item of equipment should be kept in place or replaced if its real usefulness in overall
-~ nelwork operation or even its exact characteristics are not accurately known?

The mathematical model, by being continually updated and improved, will thus provide
easily accessible and often imeplaceable files concerning the exact staté of the in-sités

networks.

The mode! provides a rapid and strict mean of calculating the COnseQHences of a given choice

* concerning the basic assumptions. 1t is without doubt in this field that electronic computers

and associated sofiware give the greatest impact.

To achieve these results, a mathematical mode! must be;

of easy access,

capable of strict and réliable calculations. _

able to carry out such calculahons quickly and to present the clearést poss:b!e manher,
casy to petfect.

It was on the basis of these principles that the model of water supply networks of the Zarqa

~ District was drawn up.

3.2 Facilities Used

3.2.1  The Softwarc (WATNET)

Since the detailed manual of the software will be supplied within the context of the study this

report will simply give a brief summary of the main features and describe its various
possibilities.

a. The Calculation Metliod

As indicated in Section 3.1, the calculation is based on the algorithin of the Hardy Cross

process, also known as the node method, which involves satisfying the flow continuily
equation at each of the nodes in the model by adjusting the hydraulic heads.

Take for example any node where il is possible to delermine the algebraic sum of the flow
rates originating either from pipes leading to this node, or from external flow exchanges.
This sum will have a non-zero value until the hydraulic heads and flow rates in the nelwork
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have beert balanced. The head is then modified in this node in order to satisfy the continuity
equation. - All the other nodes in the network are then reviewed in the same mamner, excepl
of course for reservoirs where the head is usually fixed.

These operations are repeated for a sufficient humber of times so that the flow continuity at
each node remains practically unaltered by the calculation of a neighboring node.
Calculation conveyance is accelerated between the conventional series of iterations by an

- overall resolution of the complete system of previously line arised continuity equations

(resolutton by matrix inversion). The accuracy has no limit and can easily reach 0.01 Vs on
flow rate continuity of the most imbalanced node.

It is not defavlted by the possible preseice of check valves which are capable of rasdomly
prohibiting flow inversion in certain pipes during iteration process (the conventional toop -
balancing method becomes in operative in such cdses).

It is capable of associating without difficulty the consumption abstracted of each of the nodes
with the pressure prevailing of this node, a feature which is much more representative of
reality; here again the conventional loop method cannot provide this refinement.

. Program Organization

Figure 3.1 illustrates the basic scheme for a network simutation. Essentially the simulation
consists of a series of steady state network analyses throughout the simulated time period.

‘Additionally the simulation models the variation in the reservoir level. The results of a

simulation can therefore give a snapshot view of hydraulic variables {e.g. pressure and
flows) for the network of any required time during the simiulated period, The simulation can

also providé a pkoﬁlc of the performance of an individual network feature (e.g. reservoir

level, or nodal pressure) during the whole, on part, of the simulation period.

It shoutd be appreciated that traditional steady state network analysis is simply a spécial case

“of network simulation where the simulation period is a single time point. WATNET is

capable of performing both analysis and simulation.

- Medel Construction

This section describes the constriction of two network models covering the existing Zarqa,
Rusaifa, Hasmeyér and Sukhna :dislribulion areas. H then presents an outline network design
for 2015 together with details of new piant needed.  The recommended works have been
"broken down into four categories of urgcncy
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The 1995 network models were developed between December 1994 and July 1995 using
- WRc's WATNET v5.35 simulation program. ' : '

4.1 Model statistics
The Zarga district model is represented graphicaliy in the caTibratcd network plots ZARQA

DISTRICT NORTH - 1995 MODEL and" ZARQA DISTRICT SQUTH - 1995 MODLL
contained in Data book The total model statistics are:- -

TABLE MODEL STATISTICS FOR YEAR 1995

Peserption T KRR wnd RUSEIA Hashemiyah and’

_ SUKHNA
";Fsumaled Popuiation (person) T § 1Y 7 22,8027
Rqee™™ . Y s
Bipee 1863259
s
B s e

4.2 Pipé data

" Pipework selection within the zone was based on the 1:10000 system layout drawings prepared

-~ for this study. All pipes of 3 inches (80 mm) or greater in diameter have been included. Some

* information on pipe ages and materials is given on the system layout dra'wi'ngs.%Nominal
internal diameters of mains have been used. The lengths of mains were scated from the system
layout drawings ta the nearest 5 metres. An initial Colebrooke-White roughness value of 1mm
was used for all pipes.

4.3 Node data

“Ground levels of nodes were derived from the information given on the system layout’

drawings. - The value represents the elevation of the node centroid, not the elevation of the
highest customers supplied from the node.

Nodes in the Zarqa and Ruseifa area model have been numbered according to their census area,
Numbers increase from west to east within each census ‘area. Nodes in the Ha«hennyah and
Sukhna area mode! have bccn numbcred as 2444 qnd 34, respectwely
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_ 4.4 Rescrvolrs

The reservoirs at Hararich, Sukhna, Zarqa pumping station, Batrawi, Awajan and Rusaifa site
18 have all been modelled as variable head reservoirs. The Zarga, Al Bassateen, Rusaifa 4 and
Rusaifa 18 booster pumpsets have been modelled as time swit_cilcd pumps. The Awajan,
Rusaifa, Al Bassateen and Hulteen wells have been modelled as negative exceptional demands.

Reservoir staiistics used in the models are:

4.5 Base demands

Demands have been estimated using census population figures detailed in Data book. The
populallon per node within a census area has been calculated by dividing the population in that
arca by the number of nodes. The Type I base demand figures therefore represent populatron

 Part of the area arowid the Hulteen wells in Ruseifa appears not have been included in the

population census. Therefbre, nodes in this area have been given an area number of 70 and -
have the same base demand as nodes in the adjoining area 66.

Part of the area between Hashemiyah and Sukhna appears not have been included_ in the

~ population census. Nodes in this ar¢a are numbered according to the distribution system and

have been given the sameé base demand as other Hashemiyah or Sukhna nodes.
5.  FIELD WORK AND CALIBRATION

The preliminary fieldwork consisted of the following:
© . identifying suitable pressure and flow measuring sites,
. having ‘sites‘excavaled and pressure lappings and ultrasonic flowmeters fitted,
- surveying prcssurc sites using a barometer,
- 'alrangmg with WAT (Water Authorily of Jordan) to have water supplied to the
- agreed area and to have the necessary valves closed,



5.1 Calibration field {esis

- The cahbrallon ficld tests mvol\fed the s:mulhncous measurément of ﬂows, pressutes and other
relevant data over a 24 hour period.

For the Zarqa test commencing on the 19th uly 1995, flows and pressures were monitored as
- follows: |

. recorded pressures at 4 sites,

- recorded flows at 3 sites,

Domestic water tanks at high points in Zarqa were checked around midday on the !_9(]_1 dnd
~were found to be full. Guards were present at_each'location for the 24 hours of the test to
safeguard the equipment. The equipment was retrieved on the 20th July.

Field test records were inspected. Flows and pressures showed very little variation over the 24
hour period, in marked contrast to those recorded during the Rusaifa pilot area test in March
1995, Given that house tanks were found to be full at the start of the test, this suggests that the
field test area had not been fully isolated. Therefore, it was not possible to use the field test
data for model calibration. An earlier ficld test also showed that the area undet test had not been
isolated and that results could not therefore be used for medel calibration.

The above tesis highlighted the difficulties involved in isoléliqg areas for field testing. Valve
testing is only possible at times of supply which are restricted by the rationing program. It was
therefore decided that an uncalibrated network model would be used.

5.2 ° The Zarqa District 1995 models

All pipes were given a Colebrooke-White roughness values of Imm. A demand of 113 lepd
(litres per capita per day) was assigned to the network by applylng atype 1 demand weighting
of 0.0013 (=1 13124f60/60)

Reservonrs were set to 2m above bottom walcr level, Pump cuwes were not available for the
booster pump sets and so were assumed, ‘using the duty point as a guide.” Plpes with valves
marked NC (normally closed) on the system layout drawings were made unavailable.

Negative exceptional demands at wells were set to the average 1994 ﬁgu"rc with the exception of

Murhib which has been ignored. It is thought that this well will not remain in service for much
longer because of declining water quality standards. - '
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“The results showed negative pressures in somie areas, especially the highest parts of Rusaifa,
This is what would be expected if no rationing were undertaken. . Pressures in the lower

Rusaifa pilot aréa were consistent with those measured durmg the pilot study, Flows through
the pumpsets at Zarga pumping station agreed with those recorded. It was felt that the modlel
formed a useful tool with which to design the future network.

6. Network Performarice And Recommended Tiprovements
6.1 Design criteria

The 2015 network has been designed to deliver continuous supply to customers at peak day,
average hour conditions, taking account of the forecast increases in population and per capita
consumption. The network has not been designed for peak day peak hour conditions. Since all
properties have storage tanks, this is not seen as a priotity.

The new network employs a gravity feed system. It is envisaged that the extra initial capital
cost of the scheme will be offset by tower pumping costs and lower rates of leakage and pipe
bursts. Gauge heads have been kept between 10m and 100m wherever practicable.

it has been assunied that all additional water needed will come from the Khaw pumping station
and the existing Khaw - Amman line will exclusively be for Zarqa. Supplies at wells have been

* left at their 1994 average.

6.2 Demand estimates

Nodal demands are presented in Databook. The 2015 network assumes a peak day per capita
consumption of 153 litres. The forecast population for the Zarqa district for 2015 is 950,784,

compared with 534,674 in 1995, Therefore, demand in 2015 is 147,400 m3/day.

‘The increased demand js distributed as per the 1995 model. Therefore areas of new housing
not served by the 1995 model are not shown on the 2015 model.

6.3  Present Network Performaice

“The- LAR1995 network niode! indicates that the present network cannol’ function without

ratmmng. The present confi iguration of pipes, pumps and rescrvoirs is not able to provide a
cbniiuuo_us supply of water (o custoiners. - The topography of the district together with the
present network configura'lio'n require that excessively high pressures are generated in order to
supply customers.
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The 1995 model is shown on A0 sized plot ZAR199S and A3 sized plots Z9SBOTLE and
- Z9SLOWHI. ZAR1995 shows node names and pipe: diamieters. - Z9SBOTLE highlights
‘bottienecks by showing all pipes lOsing more than S0m head per Km. Z9SLOWHI shows areas
with excessively high or low pressufes.

- The Z9SIMP mode! is the 1995 network with improvements but with no addmonal supply from
the Khaw to Amman line. New pipes added to Z9SIMP are:

ffrom Node™ ToNode™ ™" Biameter (mm) Length (my
66203 B 1 S SV} | 30
....... g e —

. N6602 RSP ST

| 00 930
RN o g
— e —a— p——

RO NG s

All pipework listed above is also reqmred for the 2005 and 2015 networks, New pumpsets
added to Z9SIMP are;

" Both pumpsets are replacements to existing 'pumpséts. Those at Awajan will not be required
- after 2005 once other recommended major works have been completed.

~ Whilst the Z9SIMP mode! reduces the number of customers receiving inadequate pressure, it
‘increases the number of customers experiencing excessively high pressure, It is at best a
'temporcuy solution, although almost all the extra plant needed can then form pa11 of a more
permanent solution,
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6.4 2015 network design

" The estimated 2015 demands were allocated to the 1995 model. Pipes and reservoirs were then

added to the model until the design criteria were satisfied.

Extensive use was made of contour maps 1o ¢stablish the proposed reservoir zones and pipeline

“routes. Pipes have been cun along existing road routes wherever practicable. Where new pipes

cross the Zarqa river they do so at existing crossing sites.

‘New nodes are prefixed by the letter N and have no demand attributed to them. - New reservoir

node names ate of the form RES**# wilh *** being the grobnd level at the proposed site.

Ficld visits were made to most of the proposed reservoir sites. This arcais already built up and

buitdings woutd necd to be demotished before a reservoir could be built.

The proposed desighi is shown on plot ZARQA and ZARQA AREA in Data book.  Plot
Z.ARQA highlights the new pipework required and Node Numbers. The diameter and length of
the proposed new pipework is sumarized in section 2.4.3 (F/S Main Report).

The procedure used for reservoir sizing was as follows: A diurnal pattern for the area scrved is
assumed. This has been laken from flow records for the Rusaifa pilot area tested in March
1995. ‘The average hour peak day demand for the arca served is taken from the Z2015ZAR
model. Generally, the proposed reservoir capacity is equivalent to the peak 6 hours demand of
the area directly served by the reservoir plus half a metre water ‘depth. It is cstimated that 6
hours will be sufficient time for water authority staff to deal with most supply problems that
arise. Where reservoirs afso supply other reservoirs, an additional 2 hours reservoir supply has

" been added to the capacily. This gives water authority staff two hours in which to close valves

to stop water emptying or being pumped fromn one reservoir into another.

It is assumed that all reservoirs will comprise two sections seperated by an internal dividing
wall, This allows one section to be taken out of service for maintenance whilst the other section
remains operational.: The reservoir costs included in this chapter assume this design,

“The design involves seven new reservoirs in addition to those existing at Awajan and Batrawi.

Operational flexibility is improved with a reinforced trunk main system. Lower level reservoir
zones have the abihly to lﬁ.kb water from higher onw in emcrgencies or during maintenance
operations.

A new 600imm diameter pipeline from Khaw to the Awajan wells is also proposed.
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District metering is secn as a key tool in reducing unaccounted for water and the new network
- has been designed with this in mind. S

The booster puimps at Al Basatin and Rusaifa site 4 are _nollongcr required.  Pumps at Rusaifa
site 18 remain, boosting to RES750. New punaps al RES750 and BATRAWI boost water
dicectly to new higher reservoirs. ' -

I is-pr'opos'cci that boosters af ?;srqh pumping station pump dircct to Batrawi reservoir along:a
new pipeline.  Alternatively, thought can be given to bypassing Zarga pumping station and
‘boosting directly from Khaw to Batrawi. o '

Asurge ahalysis should be cansidered for all dedicated pimping mains.

The only new pipework added to the Hashméyer and Sukhna distiibution systems was shown
in Chapter 2 (F/S main report). The diameter ranges from 100mm to 300mm. These are
iiictuded in the cost estimates and shown on the network plot HS2015. However, the Hararich
- tanks would scem to be in poor repair and can be considered for replacement.  ‘There are also

properties higher than the exi'slingf reservoirs and pipework and so one may also wish to allow

for two new 0.5MI reservoirs and sufficicnt pipework to serve arcas not presently served.
These have not been modelled.

Areas have been numbered for ease of reference only.-

T R T i Neds
Reservoir Node Demand (I/s) - Head at Avg :

AR R
AWAIAN 2

CAWAIRN 10

CAWAIAN AL Nedol e e e02d

SAWAAN A3 ALBO :

“RIEST0

CRESBATR 23 20T .
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Details of the new pipewoik included in the ZAR201S arc showh in Chapter 2 in F/S main
report. ' o '

Proposcd Distribution Pipeline

PlpcDmlmlerTolnchnglh
? {mim) Required (m)

Attachiment shows which pipework is not needed until after 2005. However, all the proposcd
g‘ reservoirs and the majority of the proposed pipework is needed as soon as possible.

Data Book shows Node data and Residual head of each model Areq, vrz, Zarqa, Rusaifa &
Awajan, and Hasymey & Sukna Areas.
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.  REGISTRATION

© Water Authority of Jordan (WAJ) was established in December 1983 and becanie
operational iin January 1984, integrating the function of the following four entities:

M
@
&)

{(4)

Amnman Water and Sewerage Authority.

* Water Supply Corporation,

Natural Resourccs Authonly Water Study and Irrigation
Departmcm

Jordan Valley Authority: Domestic Water Supply Section

‘ In 1988, the ministry of Water and Irrigation (MWI) was es{éblished, and WAJ was put

under the Minister of MWL

Legally, "Water Authority Law" came into effect in March 1988, which authorized to
establish the Water Authorily as an autonomous carporate body with financial and
administrative independence. According to the law, WAIJ shall exercise the following
responsibilitics and tasks to achieve all the objectives intended by the law:

-

@
3)
@)
)

(6

0
@®)

Survey the diffetent resources, conserve them and determine ways, means

and priorities for their implementation anid use.
Develop the potential water resources, incréase and improve their quality.
Regulate the construction of public and private wells.,

Study, des:gn construct, operate maintain and administer water and

* public sewerage projects.

Draw lerms, specifications and special requirements in relation to the
preservation of water and water basins and protect them from pollution.

Cany ot theoreticat and appled research and studies regarding water and
public sewerage.

Issue permits to perform public water and sewerage works.

Regulate the uses of water, prevent its waste and conserve ils
consumplion,



A Board of Directors was organized for determining the basic policy and st'rategy
including the budget of WAJ, which consists of 12 representative of the related ministries

- and government organizations including the Minister of MWI, Secretary General of

- Jordan Valley Authority and Secretary General of WAJ, The chairinan of the Board is the
Minister of MWI. :

2. ORGANIZATION OF WAJ
2.1 WAJ Headquarters

WAJ Headquarters consists of five administrative departmenis at the headquarters and
eight governorate offices. Included in the administrative department are Administration
and Finance, Opération and Maintenance, Projects, Water Resources, and Stores and
Tender. Total mimber of employee of WAJ are 6,745 (in 1993) comprising of 1,701 staff
at the headquatters and 5,044 staff in the governorate offices. Present organization of the
WAIJ headquarters including the governorate offices is presented in Fig 2.1

2.2 WAJZarqa

WAJ Zarqa governorate was established in 1985 as one of the governorate offices of
WAIJ and all the water administration was transferred from the Zarqa municipality. Total
‘number of employee, WAJ Zarqa is about 607 or about 9 % of WA total. There are five
departments under WAJ Zarqa governorate, namely, planning, studies and information
department, operation and maintenance department, subscribers deparlment,
administrative and finance department, and Ruseifa water department. Present
‘organization of the WAJ Zarqa is presented in Fig. 2.2, Allocated number of staff to
“each department are as follows:

« Planning, studies & information depariment 10
‘e Operation & maintenance department : 1347
s Subscribers department ‘ 1 87

+ Administrative & finance dcpanment 3 41
+» Rusaifa water depactment 1122
« Total : 607

“Job description of the above organization is not available in WAJ. Through a series of
interviews with the respective departments and sections, major jobs currently undertaken
are clarifted and briefed hereunder,

Under Planning, Studies and Information Department, there are three sections; 1)
Planning and Development Section. 2) Supervising & Design Section and 3) Water
Resources & Labs Section. Major jobs are to collect and analyze various kinds of
technical data and information relevant to water sources, water supply and sewerage

services, to design pipe networks, to conduct laboratory leslmg, and to keep data and -

records.



Operation & Maintenance Dcparlmem has its main office in the premises of Zarqa
Puraping Station. There are three sections ‘under the department : 1) Drinking Water
Séction, 2) Sewage Section and 3) Maintenance Section, which are responsible for
operation and maintenance of water and sewerage systems in Zarqa District except
Rusaifa and Sheanuller. :

Subscribers Departnient has three sections; 1) Supervising Section, 2) Subscribing
Requests Section and 3) Billing Section. Their jobs cover issues related to subscribers
and house meters, including inspection at the site for registration of new customers,
preparation of design drawing of house connections, supervisory works of their

~ installation, customer meter calibration and maintenance, meter-reading and bill
~ collection; and receipt and résponse to customers coniplaints.

Under Administration & Finance Department, there are three sections; 1) Administration
Section, 2) Accounting Section, and 3) Supply & Storage Section. They are responsible
for general and administrative matters which extend to control of incoming and outgding
tetters, employces leaves, maintaining WAT buildings, preparing payroll for salary,
determining installation fee for house connections, book keeping, supply and delivery of
stored materials including chemicals, office equipment, pipes and fittings, spar¢ parts of
vehicles, etc.

Rusaifa Water Department, although organized under WAJ Zarqa, has a different feature
feom the above. The department careies out operation, management aid administration of

“the entire Rusaifa water supply system. From its responsibility vested on, it can be

characterized as semi-governorate Water authority.

Number of the customers for WAJ Zarga aie 73,830 households, which is equivalent' to
14% of the total WAJ customers, Number of staff per 1,000 customers are 8.4 in WAJ
Zarqa, while those are 12.7 in WAJ total. It can be concluded that staff customers ratio is

relatively efficient in WAJ Zarqa. |

3. OPERATION AND MAINTENANCE

Operation and maintenance of the water supply system, in general, aims to supply water
to the whole service area in sufficient quality and quantity and to maintain the facilities
under normal working conditions. WAJ's current practices for this area are briefly
explained focusing on 1) organization and staffing, 2) system operation, 3) procurement
and storage and 4) workshop and laboratory.



3.1 Operational Organization and Staffing

~In WAJ Zarqa, two depaitments, i.e., "Operation and Mainténarice Dépattnient, Zarga™
and "Operation and Maintenance Section of Rusaifa Water Department", are in charge of
operation and maintenance of the water supply system inicluding wcllﬁ_el_ds', purping
stations, tcansmission and distribution pipe network. To assist them in acihieving
oplimal and effective operation, "Planning, Studies & Information Department" conducts
laboratory and field testing for quality contro} and water resource iiohitoring,

‘(1) Operation & Maintenance Department, Zarqa

"Operation &_Maiiﬂcnanc‘e Dcpartme'nt" has its main office (Zarqa Water Office) on the
premises of the Zarga pumping station.

To manage and give direclion, one management chief and 6 engineers are assigned to the
department. Under them, there are 117 staff and technicians for operation and
maintenance, incliding 44 persons of siiperintendents, plumbers, welders, workers and
clerks:at Zarga Water Office and 73 operational: staff at the- pumpmg stations and
wellfields,

Major jobs of the department are:
1)  to maintain and operate pipe network including trunk, secondary and

service mains, while house connections and meters are monitored and
maintained under responsibility of Customer Department;

- 2) to maintain and operate mechanical and electrical instruments in
. pumping slations;
: 3) ~ to operate valves and punips based on the water rationing progeam;

4) to mai'nlain vehicles on a routine bas'is. while a full scale repair is carried
out under responsibility of WAJ Headquarter;

5) to convey waler to the people resided in high and remote area of the
- governorate by water tankers (2 tankers as of June 1995) mc]udmg its
_ mamtcnancc, : :

6) to supply water to thé govemmental institutions;

7) to record all relevant data in a standardized format including flow rate,
“pressure, water level, pump working hour, etc.,

8) to prepare proposal for instatlation of pipe network in a new built-up area.
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(2)  Rusaifa Water Department

There ar¢ 55 staff and workers assigned urider "Operation and Maintenarice Section”. It

consists of 21 workers, |4 p_lumbcrs.“ 12 operators, 2 engineers, 2 electric and 1
mechanical staff, 2 welders, and | clerk.

Duities assigned are similar to Zarqa Water Office except the following tasks.
D to _co'mrol aiid monitor large corisumier melers;

‘2)‘- ot to execute the work items 8) above, wlnch is under responsibility of
the other section.

3.2 System Operation and Maintenance
(1)  Wellfields and Pumping Stations

As for maintenance of wellficlds scattered in Zarga Governorate, "Planning, Studies &
Information Department” carries out the field test for monitoring monthly fluctuation of .
static and dynamic water level of each well,

Pumping stations are operated by "Operation and Maintenance Department Zarqa” and
"Rusaifa Water Department”, The former operates 6 pumping stations in Aziaq,
Hallabat, Khaw, Zarqa, Hashemeyeh and Murhib and the latter Operates 4 pumping
stations located in Rusaifa municipality.

Khaw pumping station which collects groundwa!er from Azraq, Hallabat, Za'atari and
Khaldieh wellfields are operated in accordance with the agreement between WAJ) Amman
and Zarqa. This agreement which defines water allocation to each service area is usually .

“updated yearly. According to the 1994 Agrecmenl maxintum 1,700 m3/h of water can

be delivered to Zarqa District (Zarqa and Rusaifa municipalities), while Amman

‘municipality and Army camp in Zarga receive maximumi 2,200 m3/h and 100 m3/h,

respectively.

Further, there is an agreement between Zarqa and Rusaifa In summer seasons when
consumers' water demand increases under limited yields of the groundwater, water are
allocated as follows. During almost five days in a week strating from 4:00 am
Wednesday up to 21:00 pm Sunday, around 400 to S00 m3/h of water are delivered to
Rusaifa. In the remaining two days of the week, water from Zarqa is boosted to 1,000
m3fh to supply nonhem hilly areas in Rusaifa.

In compliance with the agreemems stated above, pumps ang valves are carefully operated
by WAJ staff of Zarga pumping station, However, residents in most Rusaifa and north-
west of Zarqa areas suffer !"rom the chronic water shorlage caused from the water
ratlomng : -



(2)  Reservoir/Tank

Periodical maintenance for cleaning, leak detection and repair is not routined by WAJ.
But operational staff and/or watchnien keep records on hourly fluctuation of water level at
most of reservoirs/tanks excepl the balancing tanks that float on the pipe network. _

The existing water supply system does not apply any treatement processes except
chlorination. Chlorine dosage is usually carcied out at the reservoirs and tanks of major
pumping stations. Two types of chlorinators, pressure dosmg type of stand and wall
hanging and advanced type are equipped. The dosing rate is determined to ensuré safety
of the supplied water under direction of the qualified éngincer. Typical chlorine
containers used are of 1,000 kg and 50 kg capacity. o

{3)  Transmission and Distribution Mains

Repair crews organized under the departments carry out passive leak repair. Aclive leak
detection and control has not been practiced )et WAIJ engineer explained any pipe buirsts
and leaks are usually repaired o the same day when it is found, although they depend on
the site condition and leak causes. :

{4)  Other Facilities

{Customer Meters})

In WAJ Zarqa office, one set of meter callbrator is owned by Customer Department On
an average, S00 house meters are repaired yearly. Rusaifa Water Department also has one
set of meter calibrator. Borken house meters are reparied there. They calibrated 500 and
1,000 meters in 1994, respectively.

(Waler Tankers}

Fwo water tankers are operated each under Zarqa and Rusanfa ofnccs Since large scale
repair of mechanical equipment such as pumps and vehicles are being made under
responsibility of WAJ Headquarters, the Rusaifa and Zarga offices retain only small tools
and devices for leak repair and pipe installation. As to transportation, each office operates
a sufficient number of pick-ups and trucks for system operation and maintenance.

‘3.3 Procurement and Stohgc

“Procurement is usually made by WAJ Headquarters upon request by WAJ Zarqa, WAJ
Headquarters has standard specifications for all equipment and materials. chcc, their
quality and quantity are kept at a certain level satisfactory to WAJ :

Small 'lcnglh of steel pipes, ductile iron pipes, p‘olye'lhylehe pipes are stored in the yard
near Zarga Pumping Station. These stored materials are under control of Supply &
Storage Section, Administration & Finance Department, Zarqa. Stored materials are not



- necessarily kept in suitable conditions. Pipcs exposed for a longer penod under the sun

sometimes degrade its quahly of lining and pipe wall itself.

Bulk of chemicals (chlorinc tanks) are stored at stofage houses in As-Samura and
Animan. They are periodically delivered to the site when required. In average, chemicals
at sité are for two weeks - one month usage. They are sufficient in quantity for normal
operation.

As regards house meters (B-class, ISO standard), Subscribers Department of WAJ Zarqa
and Rusaifa Water Department usually keeps 2,000 and 500 mefers respectively. The
house nieters are delivered from ‘Amman Storehouse after sample calibration to the
respective” department.  These metérs are considered sufficient in number and
performance. : :

3.4 Workshop and Laboratory

There are two minor workshops, eachin Zarqa and Rusaifa. They are merely for meter
calibration and repair. Full scale repair of pimps, flow meters and vehicles is being done
at Amman Workshop. '

Laboratory testing is carried out under Water Resources & Laboratory Section, Planning,
Studies & Information Department of WAJY Zarqa. The engincers and inhouse staff take
samples at major water supply facilities in Zarga governorate on a routine basis. The
sampled water are brougt into the Microbiological Laboratory in Amman, WAJ Zarqa
engineers cary out all testing and analyses. These activities aim to 1) monitor trends and
quality of the groundwater acquifer in the govemorate, and 2) to ensure safely of the
water quality based on the drinking water standard. Biological and physical parameters
such as bacteria, faecal coliform, total coliform, pH, turbidity, residual chlorine are tested
on a daily basis. Due to the slightly limited capacity of the Laboratory, average 20
samples in a week are brought in for testing. Chemical parameters such as fluoride,
calcium, magnesium; TDS, nitrate, saudivm, potasium, chloride, sulphate, carbonate,
bicarbonate are examined once or twice a month according to the neccessity. As to heavy
metals and trichlrocthylene, WAJ carries out once a year. Parameters and frequency of
the routine water testing are considered sound and favorable.

In addition, this section carries out water sampling at all private wells for laboratory
testing. : Waste water from the major factories are also tested. Thls is to monitor and
control groundwater contamination in Zarqa governorate,



4. Meler Readmg, Billing and Bill Collt:ctton _
4.1 Metcr Readmg

" Meter reading is'bein'g carried out by WAJ collectbrs (collectors conduct both meter

-~ reading and bill collection) every three months. There are 74,000 water subscribers in
WAIJ Zarqa governorate, about 70% of which ar¢ in Zarqa and the remaining 30% in
Rusaifa. Total number of collectors working in WAJ govemorate js 50 (35 in Zarqa and
15 in Rusaifa). Number of subscribers to be covered by one collector are 500 to 2,000,
in prmcnple, depending on the densities of the house connection. :

Most of the meters mstalled are relatively small i in dramelcr, 1!_2” (99%) and 3/4" (1%).
' As WAJ frequently conducts meter calibration at their meter shop, unfunctioning meters

"seem negligible in number. But, nieters are inadequately installed above the ground

and/or in their kitchen, and somec subscribers tend to tamper (remove or reversely
reinstalled) itlegally.

Meter reading is usually conducted within 3 weeks (sometimes 4 weeks or more). A
meter réading card is prepared at the site, based on which water consumpt;on for each
subscriber is computed and recorded in the WAJ Zarqa.

4.2  Billing and Biil Collection

All the data are processed by computer in WAJ Zarqga for preparation of bills. Water bills
thus prepared are distributed to subscribers every three nionths by collectors. In general,
2-3 weeks are required for preparation and distribution of bills. As meter readers are
familiar with local conditions, they are also engaged in bill co]lectlon Pcrlodlcal shifting
of bill collectors to other area has not been conducted.

~ According to the regulation, subscribers should pay the bill within 7 days after receiving
the bill, and if failed, water supply is to be cut off. However, this regulation is not
applied strictly in due consideration of the physical situation and its practical effect.
Actually it takes about two weeks to collect the bill after distributing the bill.

There are three payment methods, namely pay to collectors, bring cash to WAJ and pay

through banks, Most of the subscribers (60-70%) are paying to collectors in WAJ Zarga, -

and the remammg bring cash to WAJ Zarqa, Payment through banks'is quite limited. -

Whole the process of the bill collection is summarized in Fig. 4.1.



are as presemcd below :

Bills and Collection

~ According to the statistics in WAJ Zarqa, blllmg amount and the actual collection in 1994

COTTRCTED |

'QUARTER | BILLING | COLLECTED | “Cpis
1st 515,156 391,878 0.76
o 2nd 510,281 482,540 0.94 I
3 714159 618,185 086 |
 4m 749,314 713,005 0.95 |
| row 2,488,912 2,205,608 0.89 II

Source : Subscnbers Dept WA} Zarqa

Ratio of collectcd! billing in 1994 is 0.89, which 1nd|cates high rccovery of the bill

compared to that of other developing countries.

According to the information collected through UFW survey and in WAJ Zarqa, the
following problems need to be solved or improved:

:M“J:-‘

of them is not being practiced.

many subscribers tend to maltreat water meters.
it takes 2 months or more for collecting bills including meter reading.

quarterly billing instead of monthly billing is being practiced.

bill collectors work as meter reader as well as bill collector, and periodical shifting



5. Financial Management
‘5.1 General

As mentioned in the earlier section, maﬁagement of WAJ, is still being centralized. Al the
budgets of the local goverorates are planned and controlled by WA Headquarters, Water
bills are collected by local govcmnorates which are remitted to and managcd by the
central office. : _ - _ §
Major expenses such as payroll of the employees and electricity are being paid through
" the central office. The budget for additional mvestment and repair is also being controlled
= by the central of! ﬁce

5.2 Tariff Stucture

Present water related charges in Jordan are prcscnted in Table 5.1. Apptied tariff rates in
Zarqa District both for water and sewerage are summniarized below.

Water and Sewerage Tariff

_ Block - Water Tariff Sewérage Tariff
(3 months consunmption) . _
0-20 M3 0.065 0.030 . T
21 - 40 M3 0.090 0.040
41-70M3 © 0300 0.100
71 - 100 M3 0.500 0.200
101 M3 more - 10.600 0.250

‘Source: Information Dept.,, WAJ

In January 1994, water tariff for specific consumers was abolished and there is no
different tariffs between domestic consumption and such bulk consumer as commercial
‘and industry. '

Besnde the above two tariffs other fces and charges ate to be mlposcd in the fo]lowmg
manner: : L

For water supply:

Meter charge : 3D 0.300 per quarter
Connection fees (for house :  JD 88 per connecnon for
connection) 34 inch pipe

L - 10



JD 103 per connection for |

“inch pipe
ID 209 per connection for 2
“inch pipe -
For sewerage:
Conne’ctio_n fees (for' house | 25% d_f the rental value of
connection) ) property (house)
- Sewerage Tax- : 3% of the rental value of
property (house)

5.3 Financial Statement _
- 5.3.1 Financial Stateients of WAJ Headquarters

~ Income statements of WAJ during the past S years are presented in Table 5.2. Figures in

1994 indicate that the total revenue almost covérs salaties and wages and O&M cost.
However, depreciation cost and interest on loans could not be covered by the revenue.
Deficit for the year reached to J.I> 49.3 million in 1994, which is larger than the annual
income.

Total expenses are almost two times of annual income, which results in producing
considerable deficit yearly.

Based on the actual water consumptlon in 1994, thc revenue and the cost are analyzed as
presented below:

" Revenue and Cost Analysis, WAJ in 1994 - (D)

Revenue / cost " Revenue / cost per m3 *

I. . WAJ Revenue

1)  Water Revenue 24,269,095 0.25
2)  Water revenue plus _ _ _
sewerage revenue and 34,195,141} 0.35
sewerage tax ' _
2. WA} OM. Cost
1)  O&M Cost excluding - ,, 4,
. . depreciation ' 4:1.919,?86 0.43
: 2) OM. Costplus depreciation 69.505.770 . 0.71
~ 3)  OM. Cost plus deprccianon :
ot iniero 85,288,268 0.87

* . Above figures are calculated on the basis of the water consumpnon
(bhlmg amount ) of 97, 888 825 m3 in all WAL |

L - il



- As indicated above revenue from the sale of water is JD 0.25 /m3. Even if sewerage
~ revenue and sewerage tax are added, the revenue increases by 4% to the level of JD
© 0.35/m3. However, the revenue could not cover OM cost of JD 0.43/m3, which
- accounted for 49% of the OM cost plus depreciation, and 40% of the OM cost plus
depreciation and interest respectively.

Operational and Maintenance costs of WAJ during the past 3 years are summarized as

presentéd below: . |

P I 92 | 199 1994

'“Sa]aryand Wages 13,31'6,713 (19.9)| 15.218.2?7 (21.4) || 16,099,444 (18.9)
Electricity 8318353 (12.4) [[14,996,061 - (21.1) | 16,966,535 (19.9)
Repair and Others |l11.192,675 (167 || 4518724 (6.3) 8.853,807.  (10.4)
Depicciation 22,332,096  (33.4) [ 24,388,270  (34.3) 127,585,984 (32.3)

[ nterests 11,838,784 (17.6) [ 12,043,867 (16.9) [ 15,782,498 (18.5)
Total _ H66.998.621 (1009 || 71,165,199 (100%) || 85,288,268 (100%)

As indicated above, aboul one fifth of thie total OM costs are for salary and wages, while
about 20% for electricity. High rate of electricity cost is altributed to the type of water
resources (mainly wells) and required long transmission in Jordan.

'Depreciation shares about 30% showing relatively high ratio, while 17-18% of the total
cost was allocated to interest. '

Batance sheets of WAJ during the past 5 years are presented in Table 5.3. Source and
application of fund of WAJ during the period of 1989-1993 is also prepared as presented
in Table 5.4. As indicated, investment in fixed assets is being financed by government
- contribution and long term loan. Annual income could not cover the depreciation cost and
the annual deficit was finally offset by reducing WA capital. Net capital of WAJ has
been decreasing since 1988 which reached JD 34 million in 1994, despite of considerable
contribution from the government.

5.3.2 Financial Silﬁalion of WAT Zarqa -

Independent accountmg system has not been introduced in each WAJ govemorate and the

system is still centralized, Therefore the governorate balance sheet has not been prepared
and even detailed information on income statements for WAJ Zarga is not avaitable. On
the basis of the govemorate information, annual budget for WAJ Zarqa is prepared by
WAJ Headqguarters, which is presented in Table §.5.

Expected total revenue of WAJ Zarga in 1995 is about JD 4.0 h)illioh which conisists of
revenue from water (JD 3.1 million) and révenue from sewerage (JD 0.9 million). Total

L - 1'2



expenses are projected at J D 5.0 million exctuding depreciation and interest costs, The
resulting net revenue is estimated at minus JD 1.0 million.

: O_n the B_aS;:'s ((}f lh‘c assumed wat_er consumption in 1995 (14,35_8,000 1113), unit rcvcnué
and cost for WAJ Zarqa are calculated,

For the calculation, depreciation cost for capital expenses and interest cost to be

shoulderéd by WAJ Zarqa are tematwely estimated by applying the customers' share of
WAJ Zarga in WAJ total, .

Deprecrauon cost :
27,600,000 X 0.14 = 3 864 000

Intcrest cost .
17, 509 000 X 0.14 = 2451 000

The estimated figures for WAIJ Zarqa are as follow's :

1) Water Revenue ID 0,210/ M3
2)  Seweragé Revenue o JD 0,064/ M3
3) Total Revenue D 0,280/ M3
4y  Total Expenses 1D 0,352/ M3
5)  Total Expenses plus Depreciation | 0,621/ M3
6) Total Expenses plus Depreciation and Interest |ID 0,791 / M3

From these flgures, the following conclusive remarks can be made on the fmancml '
situation of WAJ Zarga : '

1. Total revenue covers about 80% of the total eXpenses excluding
depreciation.

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

3. If interest is included, pres'en't total revenue covers only 35% of the cost,

Historical revenie of WAJ Zarqa during the period of 1990-1994 are presented in Table
- 5.6,

L - 13



5.4. Ovér‘a]] Con’rmehts

Among vanoxis difficulties and problems facmg WAJ, the most serious oné is the fact
that the expénses exceed income from water revenues and contributions from the GO,

On the basis of financiat data of 1994, average cost of water per cubic meter is calculated
at JD 0.87 including depreciation and interest on loans. However, average revenue from
water is estimated at JD 0.35 per cubic meter including sewerage fee and sewerage tax,
which is equivalent to 40% of the production cost. The shorlage is being partly covered

by the government contribution, but the accumulated deficit has mcreased and riet capual -

of WA] dec:eascd

According to lhc recent study, this can be explained by relatively high opefation and
maintenance costs of WAJ and low efficiency in income.

High operation and maintenance costs are related to the following matters:
1.~ high percentage of unaccounted-for water; '
2, high pumping cost (due to its topographic conditions);
3. high pressure and mefﬁment pipe alignment apphed in the pipe hetworks;
and
4. lack of appropriate maintenance and repair works.

Low efficiency in income side is related to :
1 weakness in the collection of reveinues due to
- inadequate meter installation and maintenance.
- inefficient meter reading and bill collection procedure.
- weak control and inspection systems, -
- inadequate accounting and cash receipt handling procedures. -
©2) ceniralized and inefficient budget process of WAJ; and
; 3)"  absence of separate product ofiented budget systein for the governnient.
In order to overcome the above problems, particularly the fi nancial issues of WAJ, it is

 suggested that the following improvement are to be introduced.

'1)  Income increase from salc of water and waste water (increase tariff, tariff
structure improvement).

2) Improvement of financial arrangement with GOJ (inbréase of government
contribution, special amangement for the existing loans),

3) Increase productivity and cost reduction (renovation of management and
organization including privatization scheme).

Lo- 14
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6. ORGANIZATION RESTRUCTURING

Tn order to solve the structural problems of WAJ and the related water organizations, two
studies are being conducted by Canadian International Development Agency (CIDA) and
German Technical Cooperation (GTZ).
CIDA plans to rationalize and strengthen the institutional responsibilities through
restructuring water related organizations including Ministry of Water and Irvigation, WAI
and JVA, GTZ is now conducting a study of operations and management support for
. : WAJ, Ainman. In the GTZ study, organization of WAJ, Amman is proposed to be
§ ~ decentralized and transformed to a commercnally oriented autonomous water and
sewerage company.

An action plén_pr’bposcd for the decentralization is:

1)
2)

3)

B )

5

Decision of GOJ to grant relative autonomy to Water And Sewerage
Company Amnian {WSCA), and to exempt the WSCA from some of the
mosf rigid civil service rules and regulations.

Provision of a budget to the WSCA, statting with a fixed subsidy and
gradually decreasing year by year, thus forcing WSCA to operate
efficiently and cost conscious.

Delegation of all necessary administrative and financial power to WSCA.

Intensive training and preparation of existing staff on skills and
management techniques, required for the establishment of WSCA.

Implementation of organizational changes.

-For materializing the structuaral change conceived above, further studies and discussions
among the parties concerned would be necessary. - :

Lo- 15
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1,

Tzible 5.1,

Amman Gmemorate Tarlfi‘

WATER & SEWERAGE TARIFF

st

Tanﬁ‘ Block Price
(Cubic meter for 3 months consumption) - (Fils fcubic meter)
From 0-20 : 100
e - | 27 190
' - o - 410 - 400
' I[ | = N 71 - 100 500 ,
T L 600 N
Remaining Ghtmr (Jordan Valley) Ar’ca Tariff
Tanff Block _ Price
(Cublc meter for 3 months consumption) (Fils /cubic meter)
From 0-20 ' " 65 l
' - 21 -40 115
T 750 |
71- 100 ~ 400 |
101 + 600 1
Remaining Kingdom's Governorate Tariff
 Tartff Block Price
(Cubic meter for 3 months consumption) (F'ils /cubic meter)
From . | 0-20 65
: 21-40 90
41-70 300
71 - 160 S00
101 + ] 600
Scwage Taril‘f
" Taniff Block | Price 1
(Cubxc meter for 3 months consumption) (Fils /cubic meter)
From 0- 20 30
.k ' R 100
- _ o : 71-100 200
- u ) 250

: Sdurce_: fnfomation ;[)ept'.-. WAJ 1994
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Table 5.5 BUDGET FOR WAI ZARQA, 1995

Ttem | I,
1. Revenue
1. Water Revenue S
Water Charge - 2,70i,035 )
Connection Fee 250,286 “
Meter Chargc | 96,139 .
Répairing Fee & Others 62,295
(Sub - total) | (3,110,755)
2. Sewcrage Revenue* o
Sewérage Charge 435,677
Connection Fee - 416,000
Others 64,260
(Sub-total) (914,937}
Total Revenue 4,025.692
Il. Expenses ** :
1. Salary and Wage | 1,422,666 I
2. Blectricity | 3,007,107 |
3. ¢ Repair Cost and Fuet 457,053 l
| 4 omes 162,069 |
" Total Expenses © 5,048,895
lm. Revenue minus Expenses - 1,023,203

“Source: WAIJ Finance Directorate o
: Bxcludes sewerage tax to be collected by MOF
: Excludes depreciation cost

*
*ok
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l Meater reading

Compu!aﬁoﬁ of water eonsumplion
1}
\ .
Compudation of water charge ]
. 2)
\ i

Served by
seweraga?

Yes

l

TN
[ Computation of sawerage charge

3)
v |

( Bl printing Jq'
[ Bill collecting )

Yes

Doliver roceipt
10 consumers

>

Note:
1}Waler consumption =
present reading - Yas! reading

2)Water charge as follows:

01 -20 65
21 - 40 30
41-70 500
71 - 100 500
Over 100 §00

3)Sewarage chargo as follwas:

o1 .20 30
21 - 40 40
41+ 70 100
74 - 100 200
Qver 100 2590

4yWhen the payment deltays for more than
2weeks, cuslomiers are discannecied
from WAJ plpes.

‘ ' Disconnaction
Ho
i 4}

THE STUDY ON

THE IMPROVEMENT OF THE WATER SUPPLY SYSTEM | Fig. 4.1

FOR THE ZARQA PISTRICT .

PROCESS OF BILL COLLECTION

JAPAN INTERNATIONAT, COOPERATION AGENCY
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M. TRANSMISSION LINE AND RELATED PUMPING FACILITIES



_ Appendix M
. Transimission Line and Related Pumping Facllities -

Table of Contents

Supply to Hasll.eme).'eh And SUKNNA ZIONES vveeveeernreeeeirnneceesmenmniennnnn M- 1
Kh.aw' toZarqazoncs.f.............................'. .................................... M- 4
Khaw to Awajan 21 PS ..oovevernen. S evevereeeeeetateeseseeme st trt s nns M- 5
Awajan 21 to RUSAITA ZIONES v evveveverseneeseemeaeeesorsersaessesssssissessasronsennes M= 6
Awajan 21 PS to Awajan High and Low Zones ...uvveeevncicneen e M-7






1/16/26

Appendix M 'l‘ransn‘_liésibn ‘Line and Related Pumping Facilities

| Water supply systém in the Study Area is designed with the following significant characteristics,

Zoning Systein (8 zones)
Separation of transmission and distribution pipes
' Zarqé & Hashmeyeh Wells' water is transmitted to Khaw PS for blending
AwaJan & Rusaifa Wells® water is transmilted to Awajan 21PS (new) for blendmg :
~ The existing wells* produclmn rate will be half by thc year of 2015 it is repm fed that the

AN A el

emstmg absiraction exceeds the safe yields. ) _
_Thus, the water shortage(Demand-Supply) in future will be balanced by the water from
~ Amman.

The conmderatmns of each Lransmissmn lme are explamed mainly in this section, showing

s0M1e altematwes and the derived results

Hazen & Williams' formula is used for the hydraﬁlic calculation.

= 10,666 % ¢85 % 487 4 185
where, I:  hydraulic gradient

Q. ﬂoiv-ratc, in 1113.’3
C:  velocity coefficient, 120
I diameter of pipeline,in m

1. Supply to Hashemeyeh and Sukhna Zones
{From Khaw to Hararich (Hésl’wineyéh) and Sukhna Reservoirs) |

The following four alternatives are considered:

A. Pump Flow from Khaw PS to Batrawi Res 650 and Gravity Flow from Batrawi to
both zones

B. Pump Flow from Khaw PS . .

C. Pump Flow from Khaw PS to Hararich (Hz{shemcyeh) Reservoir and gravity flow
from Hashemeyeh to Sukhna reservoir

"D, Grawly Flow from Khaw-P$S to Hashemeyeh PS and Pump Flow to Hararich and

Sukhna reservoirs

The four alternatives are shown in Fig. M. 1. and summarized in the following Table. The other
alternatives, for example, gravity flow from Batraw: reservoir to Sukhna zone is not considered
because the pipe lcngth is oo lon g '



Table M.1
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Main Features of the Alternatives
(Supply to Hashemeych and Sukna Zones)

“|Alternatlve A Alfernatlve B Alteraative C  |Alternative ‘D

Supply to  [Pump from Khaw P§ [Pump frons Khaw PS [Pump from Khaw PS [Gravity Flow from
Hashemeyeh |10 Batrawi, then ' Khaw PS ta

Gravity Flow Iiashemeyeh wells,

- then pump

Supplyto  |Same as above - |Same as above. Gravity Flow from . [Saie as above
Sukhpna - j Harasieh 1 :
Pipes 400 mm  L=0.1km [300mm . L<24km ]300mm Le-6.1km [300inm L=-24km:
(New) 300 mnt Le<23km [200mm  L=57 kv 250 moi L=d.6km  [150 mm  L~7.8 km

250mm  L=19km |150 mm Ln’i 8 km ' Do

200 mni L=1.0km

150 mnl  L=6.8kmi :

Tolal . L=12.1Xkm [TVotal L=15.2km |[Total  L=10.7km [Total L=10.2km
Pipes 400 mm 1~4.7km [300mm 1=357km [300mm L=57 km |300mm I=357km
(Existing) - 150 mm 1=78 km [150 mm 1~7.8 km [150 mm " I~ 7.8 km [1S0mm L= 7.8 km

Total L= 25 km [Total - L=135%nm |Total © " L=13.5 km |Total L=13.5 km
Required One (1) Two (2) Oné(l) Two(2)
le_lping Khaw to Batrawi Khaw to Hararieh Khaw to Hararich Hashmeyeh to Hararieh
System {share) Khaw to Sukhna _ |Hashmeyeh to Sukhna
Pumps Sharing the pumps for|22 kW - 4 units 45KW 4 units 30kW  dunits

Zaiga zone 18.5 kW 3 units 18.5 kW 3 units

Basically, the existing pipelines are carefully considered to choose the new transmission routes
for each zone.

Alternative A is expected o have less energy cost. Water for Hashmeych and Sukhna zones is
first ransmitted to Batrawi Reservoir (GL=650 m) from Khaw PS {GL~595) together with the
* water for Zarga zone. From Batrawi, water is wansmilied to both zones by gravity. The
trfmsmlsswn and pumping equlpment from Khaw to Batrawi are common for Zarga high and
fow zones and Hashmeych and Sukhna zones. Therefore, for the cost comparison, pump
- equipment and annual power cost for this Allernative are estimated by a proportion of the flow
rates.

Water demand (daily maximum demand) in the year of 2015 for each zone is csllmaled al 72 Vs
in Hashmcych zone and 27 Is in Sukhina zone

‘Bxisling pipe (400 mm) between Zarqa and Hashmeyeh, which is cufrenly used for
transporting Bashemeyeh wells water to the Zarga PS for blending, is converted to
transmission line. The length of the section is 4.6 km. Also, it addition to the existing 150 mm
pipe between Hashemeyeh and Sukhna, another 150 mm pipe is added. ' o

Alternative B has two separate transmission lines to Hash'cmcyeh and Sukhna from Khaw PS.

So, it is required to provide two puniping systems at Khaw PS, one for Hashmeyeh and the

M-2
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other for Sukhna, The existing 300 mm pipe (5.7 km) from Khaw to Hashmeyeh is used for
the supply to exclusively to Hashemeyeh. Additionat pipeline of 200 mm is used for the supply
to Sukhna up to Hashemeyeh point. From Hashemeyeh, the transmission line to Sukhna is also

‘duplicated sanie as the case in Altemative A,

Alierinative C is the serics line from Khaw through Hararieh Reservoir (G1.=600 m) to Sukhna
Reservoir (G1.=580 m). Waler for both zones is once pumped up to the Hararieh Reservoir and
from where water for the Sukhna zone is diveried by gravity flow. The transmission linc
belwcen Hararich reservoir to Sukhna Rcservmr is also duplicatcd but the dianicter of the
new line is 250 mm different from the 156 mm in Alternatives A and B. Samie as Allernative B,
the existing 300 mnt pipe is used from Khaw PS to Hashmcyeh.

Alternative D follows the current supply system, enlarging the facility size according to the
demaiid increase. Water from Khaw is gravitated to the existing Hashmeyeh PS (G1.-532 m),
then transmitted to each zone by pumps. Two pumping systems are planned for each zone.

Estiniated Costs and Net Present Value
For each altername caplial and annual operation costs arc estimated as shown bclow

{unit: US$ 1,000)

Pipe-Laying Cost| Pump Tquipment|  Capial Tolal | Amnual Operation

Cost - Cost -
Altemative A~ I,451 13 T,564 64
Alternatve B 1,794 74 1,968 )
Altermative C 1783 30 7013 TR
Alemative D [,139 A S 1,324 IR )

The net present valie (NPV) is applied for the cost comparison of capital and annual operation
costs giving 20 years calculation period and 10 % of discount-rate.  The results are shown as

follows:
Alternative A: USS$ 1,791,000
Alternative B: USS 2,128,000
Altemative C; US$ 2,148,000
" Altemative D: USS 1,657,000
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Compatison

Alternalive Cis the second highest cost (and almost equal to the highest cost) and the highest
NPV. This is caused by the siall difference in elevations between Hashenieyeh and Sukhna,
resulting in targer 250 mm pipe. Hence, this altermative C is excluded from the selection.

Alternatives B is the highest cost and the second highest NPV owing to the independent pipes
to the both zones. As a result, this alfernative B is excluded from the selection. -

Out of the remaining alternatives A and D, despite the lowest NPV in Alternative D, considering
non-economic aspects such as O&M, land acquisition for pumping station, #nd technical
aspecls:, we recommend Alternative A with the fol lov&ing specific reasons;
(D In altemative A, further land acquisition is not requiréd for pumping station, because
punips are common for Zarqa zone. In addition, flow rate for Hashmeyeh and Sukhna
zoiies is relatively small, about one seventh (1/7) of that of Zarqa Zone. '

@ Power costis proportional to flow rate, bul in the case of Altcrnahvc_ A, the power of
large capacity pumps {310 kW) for the Zarga zone will not increase e'v_feh the flow rate
increased by few percentages (the demand of Hashmeyeh and Sukhna zones).

Alternative A has less operation cost than Altemative B.

® @

telemelry system to control each pump according to the reservoir water level.
However, in the case of Alternative A, flow control will be done only with float
valves at each reservoir.

2. "Khaw to Zarqa Zones

No gravity flow from Khaw PS to Zarqa PS is expected due to topographical condition,
* Accordingly, it is clear that the direct pumping up system from Khaw PS to Batrawi Reservoir
. is the more advantageous than the existing two staged pumping up system at Khaw and Zarqa
- PS. : '
f H}drauhc Calculallcm
l) Planned flow rate (m 2015

Zarga Low zone: 572.3 Vs
Zarqa High zone: 1343 Vs
sub-total: ‘ 106.6 Vs
Hashemeyceh and Sukhna zones: 99.0 /s
Total 805.6 s

M-4
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2) Diameter and Length:
800 mmx L= ?&‘OO m (1=0.003) From Khaw to Batrawi
; 400 mm x L= 2,200 m (1=0.032) From Balrawi to Res 71‘5 (Zarqa High

reservoir)
3) Pumping Facililies
- Khaw to Batrawi: _
‘Number: 5 units in duty
*Total head: ' Tm
Pump Spccnﬁcanon 310 KW x 6 units (one standby)
- Batrawi to High zone (Res 716) '
Number: - 3 uniis in duty
Total head: 87m
Pump specification: 75 kW x 4 uniis (one standby)

3. Khaw to AWAJAN 21 PS

The planned pipeline is to pass a hill of GL=662 m. Therefore, the pump head is decided to
pass the hill. To save the energy cost, a junction tank is deéigned at the hill to make free water
level. Then ,water is conveyed by gravity from the tank to Awajani 21. Thus, the transmission
line has two parts, _ - ' |
Part one :  Khaw to the junction tank (L~8,100 m) by pump up flow
" Part two: The junction tank to Awajan 21 PS (L=4,100 m) by gravity flow -

Alternatives

Two alternatives are consndercd here for the section of pressured par{ viz., from Khaw to the
Junction Tank to decide the pnpe ‘diameter. On the other hand, the gravity flow line from the
Tank to Awajan 21 PS is decided as 400 mm in diameter with hydraulic aspects.

Two alternatives of smaller pipe diameter with higher pump head and larger diameter with
smialler head are planned, The following table summarizes the Alternatives.

_ Alternatlves
_ Alternative A , Altemaive B
Pipes ™00 mm, 18, Tkm, Q=271 Vs 500 mm, L=8.1 km, Q=271 Us
: Pmﬂps ~ - - Total Hcad=l6:l m, 200 kW, Totat Head=97 m, 132 kW,
S units (one standby) 5 units (one standby)
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Cost Comparlson _ .
Pumyp equipment and pipe-laying costs aid pump power costs are csnmated as follows

Estiliialed Cost (U$ 1,000)_

Pipe-Laying Cost{Pump Equipmemi(l‘apilal Total Pover Cost ¥1)  [Total Cost
Cosl

Alemaive A 3067 70 AT A6y T R902

Alternative B 75072 744 %764 AT

1) Power cost {s estimated for 6 years from 2005 to 2010 pecording to the expected ﬂow rates in each year,

As lhe resull of the above, sincé the total cost of Alicrnaiivc B is less than {hat of Alternative A,
Altlemative B, 500 mm in diameter of pipeline is employed from Khaw to the Tank.

4. Awajan 21 to Rusaifa Zones (Reé 750 and Res 810}

Water is transmitled to Rusaifa reservoir 750 by pumping up from Awajan 21 PS in the st
Stage (target year =2005). - Res 750 covers the Rusaifa low zone of which the altitude varies
~ from 650 m 10 710 m. Water is further pumped up from Res 750 to Res 810 which covers
Rusaifa high zone.

' Rusaifa Low Zoanc Reservoir (Res 750)

Up to the year of 2005 (Ist stage), Res 750 gels the water from Awajan 21 PS by pump up
“system. In the slagc 2 (target year=2015), the water from Amman is received at the point of Res
750. Then, the required amount of water is transmitted to Awajan 695 and Khaw PS by gravity
flow from Res 750. Thus, the facilities are planned with the water demand in 2005 and the
‘pipeline is checked with the 2015 year demand later. |

1) ?ipeline ‘
New pipclinc is installed from Awajan 21 PS to Res 750. There would be a alternative
thinking to plan the pipc diameter in terms of pumping capacily. However, in the year 2015,
the flow form Res 750 to AWEIJ&!I 21 PS by gravity flow is expected as 289 Vs, which is
smaller than the flow in 2005 (362 Vs). Taking into consideration the future reduction of
transmission flow rate, SO0 mm diameter pipe is recommended.

Flow rate: Q=362 Ifs (in 2005) E

Diameter and length: D=500mm L=6.6km [-0.0068
2) Pamp _ : :

Number: 5 units duty and 1 unil standby

M-6.
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- Dischatge: - 362 s x 1S = 4.4 m*min.
Total head: _ 225m

Specification of pump: 290 kW x 6 units

" Rusaifa High Zone Reservoir (Res 810)

The water is pumped up from Res 750 to Res 810.
1)  Pipeline _ : L
Flow rate: Q= 160 Vs (in 2015)

-. Di:unete‘r and length: D=400mm(v= 127 nvs} L=18km I~0.00444
2)  Pumps .
Number: 3 units duly and 1 standby
Discharge: 160 Vs x 1/3 = 3.2 m*/min.
Total head: Tl m
Pump specification; 15kW 4 units

Examination of Pipeline after receiving the water from Amman at Res 750

After receiving water at the point of Res 750, the water is able to be transmiitted to Awajan 695
and Khaw PS by gravity flow. The pipelines planned for Stage-1 (from Awajan 21 PS to Res
750) are to be utilized for the transmission in Stage-2 (in 2015). The loss of head and the
dynamic water level at Awajan 21 PS are computed as foltows:

Flow rate: ' Q=289 Vs (in 2015)

‘Diameter and length: D=500mm L=6.6 km 1= 0.0045
‘Dynan:\ic'water leve!l at Awajan 21 PS: 715 meter ‘

-The transimission line to Awajan 695 is branched from the above 500 mm line between Res 750

and Awajan 21 PS, at about 5.7 km from Res 750. The diameter of this line (from the branch to
Awajan 695) is 400 mm (I=1.4 km). The dynamic water level at the branch is expected as
730 m. :

5. Awajan 21 PS to Awajan High and Low Zones

© Two transmission systems are to be established from Awajan 21 PS to Awajan high zone (Res

695), and Awajan low zone (Re$ 640).- Water demiand allocated for Res 640 is small flow rate,
about 10 % of total demand in Awajan zone so that whole waler is to be pumped up to Awajan
695, then water for the low zone is transmitted to Res 640 by gravity flow.
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Facilities are nsually p]anned for the water flow in the target year. Nevertheless, the facilities in
this section are planned for the water flow in the year 2010, The reason is as follows:

Future water shorlage is to be balanced with the water from Amman, The supplied water from
Amnmian will come to the point of Res 750 (Ruséifa low zone reservoir). So, the deinand

increasc in Awajan zone is covered by the flow from Res 750 it Ruseifa after 2010. The water

- demand in 2010 will reach at 366 s, which is Sllppiied by the water from Khaw PS, Awéjan .

Wells, Rusaifa Wells, and Rusaifa Res 750. The flow pumped_ up from Awajan 21 PS to §~
Awajan 695 will be gradually decreased after 2010. Thus, pumps-are planned with the flow in
2010. After 2010, the water supplied from Rusaifa Res 750 is to be conveyed by gravuy flow

" to Awajan Res 695.

1)

2)

k)

Pipeline from Awajan 21 to Awajan 695
The existing pipeline of 600 mm in diameter branched off from Khaw-Amnian line which

- has not been used for long period, is to be used as a transmission line from Awajah 21 to
- Awajan 695 Reservoir.

Flow Rate: 366 /s
Diameter and Length: 600 mm  L=2.0km 1=0.0029
Pumps
4 units of pumps (5.5 m’/min. each) in duty and 1 unit standby are planned.
Total head: - 122m T
Pump specification: 220 kW 5 units (one standby)
Transmission line to Res 640
Flow rate: Q= 63 Us (in 2015)
Diameter and length: D=200mm L=08km I=0.023
‘Loss of Head: - 19m  (residual head at Res 640 is expected to be 34 m,

which will be regulated by control valve)

Exantination of pipcline in the year of 2015

Water supplied from Anunan is conveyed to Awajan and Zarqa zones by gravity flow through

the above-mentioned transmission lines installed by 2005. As described in the previous section,

part of water from Amman is to be conveyéd from Res 750 to Awajan 695 in 2015, 400 mm ,
pipe is to be installed, branched from the transmission line between Res 750 and Awajan 21 PS l

in future,

Hydraulic Analysis

)

Pipe .
Flow rate: Q=398 - (215 + 10 Muthib) = 183 /s
Diameter and length: D=400mm L=14km [I=0.005

M-8
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2)  Pump to be used at Awajan 21 PS
Total flow rate:  -215-10=205 Vs _
Installed pilﬂ\pé: 5.5 m*/min, (92 Vs) x 5 units
Operation of pumps: 5.5 m*min. x 3 units

6. Hashemeyeh and Zarga Wells Water to Khaw PS

Hashemeyeh -and Zarga wells® water wuh high contents of TDS is transmitted to Khaw

‘reservoit for mixing with lower TDS contents water to dilute hlgh TDS concentration. In this

securon, the results of the hydraulic analysis for pipelines and pumps from the wells to Khaw
PS is described briefly.

llas'hcmcy'ch Well to Khaw PS

1) Pipeline
The new pipeline of 250 mm in diameter is installed.
Elow-rate; Q=1501s
Pipe lengtl: (existing) D=300mm L=57km
(new) D=250mm L=357km
cquivalent D = 360 nun
[ = 0.0066

2) Pumps

Total head required: 150 m

It is assurned that present pumping water level is 55 m to 58 m down from the gmund level
according to the observation well records. Total head of existing pumps are 110 m to 150 m.
The existing intake pumps (submers:blc motor type) is almost usable to transmit the well water
to Khaw PS directly, except one pump with héad 110 m which is to be replaced with new ofe.
Thus, in this system, new one pump and the new 250 mm pipe is rcf;uired to convey the well
water to Khaw PS.

Zarga Well to Khaw rs

) Plpelmc ‘
The existing pipeline of 400 mm in diameter will be used as the transmission.
Flow rafe: Q= 1401s
Diaméter and Ienglh D =400 mm L=8,000 m, [=0.0035
_ 2)Pumps

Since the wate? to Batrawi Reservoir is iransmilted from Khaw PS, Zarqa PS will be
abandoned m future. Accordmgly, the pumps in Zarga PS will be used as tansmission
pumps for wcll water to Khaw PS. Three pumps are uuhzcd as 2 duty and | standby. The

- M-9
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pump discharge is Jarger than it of well pumps so that the flow control is required so as to
meet the well yield, The existing pump specification is as follows:

Discharge: Q= 300 m¥h = 5 m*/min,

Total héad: H = 100m : o

Pump specification: 220 kW x 3 units {existing pump)

Thus, there is no extra new investment nieeded for sending Zarga Well water to Khaw PS.

M-10
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3A:PPEN'D1x N POPULATION AND WATER DEMAND BY ZONE

1 POPULATION BY ZONE

Population of each municipality has been forecast in "Part I Long Term Development Plan”.
This subsection atiemplts to distribute the projected total population to smaller unit of zones
which are key inputs to feasibility study of Stage | Project.

Quoted from Past 1, futuce population at 2005 are reproduced in table below:

| Projected Population in the Study Atwa

Municipality . 1994 1994 - 2000 2000 12000 - 2005 2005
Zarga Mun., 344,524 28% 406,600 2.5% 460,000
Sukna Mun. 9,764 - 4.4% 12,600 3.9% 15,300
Hashemeyeh 13038 47% 17,200 40% - 20,900
Mun.
Rusaifa Mun. -~ 131,130 4.0% © 165900 33% 195,200
* Schenuller 36,218 27% 42,500 24% 47,900
Total Study Area © 534674 32% 644800 - 28% . 739300

Source: JICA Study Team

Future population by zone is estimated in due consideration of the present population density
and future potential development in the Study Area within the projected total population frame.
A flow chart for population distribution was prepared as shown in Fig.-N1 which is bricfed

hereunder.

The population census conducted in 1994 contains the population data for 67 sub-arcas (zones)
in the Study area as given in Table- NI. Population census sub-areas are shown in Fig.- N2.



_ This fable shows that population density in 1994 substantially varies by zon¢ from a high vatue
“of 510 persons/ha to a low value of less than 5 persons/ha. As observed in the past trend of
population growth in each municipality, it is likely to reduce its growth rate padicularly in
highly populated arcas. Instead, low and middic density arcas will attract population and
develop with a higher growth rate. Hence, all zones are grouped into 4 groups according to the
population densities. They are: | ' |

Gl ... High population density (more than 290 persoivha),

G2 .... High medium population density (290 - 170 persons/ha),
G3 .... medium population density (170 - 10 persons/ha), and

G4 .... Low population density (less than 10 pcrson.sfha),

which are ﬁlso presented in Fig.-N3. Gl Group includes high .dens'ily sub-areas in Zarqa
municiaplity and Shennuler, while G2 Group conlains subarcas in Rusaifa and Zarqa
municipalities. G4 geoup is an aréa where no development is expected due to the topographical

timits.

By applying the different growth rates for each group, 2005 population of each zone is first
~ estitnated and then a population gap to the total was proportionatly distiibuted to each zone
based on magnitude of population. The zonal population thus estimated are given also in Table -
CHL _ _

,M_A
()
W



2 WATER DEMAND BY ZONE

Multiplying the above population by same unil water consumption as that in VL. Projection of
Poputation and Water Demand of Part | Long Tesm Development Plan, water demand by zone

was computed. Unit water consumption applicd is as follows:

" 1) Daily average demand: 118 Iped
2) Daily maximum demand: 142 Ipcd

In computing water demand, any aerial change in unit water consumplion was not considered

because of its little variation by area. And population not served by water supply system are

assumed negligible as compared to the total population,

The outputs of the water demand estimalion are to compute nodal demand of pipe network
model developed. From its objectives, the above procedures may be allowed. Table N2 gives

the results of water demand by zone estimated.



Figures



&

T

Popsilation Distribution

Collect data and review (19’19,1994)j

i

Calculate zonial population density
(1994)

Grouping by density (1994)

MY MY

}

' Assume average growlh rate
by group (2000,2005)

( Estimate zonal popu!auon J
T _
[ Zonal pepulauon mcrcase(AP )
J
1
-
[ = AP/ 5 4P,
_J
K .
Dismbu(e population increase © )
AP Xr;
S
|
‘\
( Zonal population
J
- ‘anSTUDY(N p,g - Nl -
" THE IMPROVEMI:NT O THE WATER SUPPLY SYS’!'EM - WORK FLOW IFOR
| FOR THE ZARQA DISTRICT ~ POPULATION
~ JAPAN mmmw, COOPFRATION AGENCY ‘DISTRIBTUION

N4




67

&8

JAPAN INTERNATIONAL COOPERATION AGENCY

64
' THESFUDYON . Fig. - N2
THE IMPROVEMENT OF TIE WATER SUPPLY SYSTEM
FOR THE ZARQA DISTRICT - _ CENSUS ZONES IN

" STUDY AREA

NS



AONEOV NOLLYEEAOOD TvNOLLYNVEIN NIV
DONIdNOYD ANV JLOTLLSIA VOUVZ FHL YOI
ALISNICQ NOLLYINJ0d JAHLLSAS A1ddNS Eivm SHL 40 INTNTAOTIIAL THL
N - "Sig o NO AQNIS IHL
EOXY-QRS JO JGUINN
. _
282235 28wl - awB e R eleed 28 8RYZE3TSS
MNRNONSS ON N T NN N N NPT NN ¥ oNoNN NN NN ® NN NN RN NNN

P N L L Ly =N

|
........ [ N, 11111 HHHMIE
_ |

0ot

g ooz

00%

o0y

005

009

004

003

(equossad) Ansuaqq votendog




Tables



Table - Nt ZONAL POPULATION (1994 Census and 2005 Distributed)
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Table - N2 ZONAL WATER DEMAND (2005)
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~ APPENDIX O FACILITIES FOR NEW DEVELOPMENT AREA

1 Zarqa 1 - 3 Developmient Project near Awajan

The area under the Zarqa 1,2 and 3 projects (refer 10 page O-26, Appendix, Interim Report) are
out of the Study Area but the water is definitcly better supplicd from the Zarga water supply
system. Therefore, the water supply system is planned here. The project scope is as follows;

Served Acca : 424 ha
Population in 2015 33,480 persons

Water demand is estimated at S, 156 m3/day using the same planning criteria in the master plan,
The ground elevations in the served area range from 610 to 660 m. Hydraulically, this area is
supplied from Awajan 695 rescevoir bt this idea is not recommended. Tnstead, the sepatate
zoning is probosed.

Demand in 2015 ;5,156 m¥day (Daily maximum)

Ground level inserved area @ 610 - 660 m

Water is boosted from the jusiction tank (ground reservoir) (o the elevated tank. 200 m3
capacity elevated tank shall be added to the ground reservoir. The required reservoir capacity is

incorporated with the junction tank. The clevation tank is constructed with water level of 695

m at the highest hill of 675 m. The planned Khaw pumps and transinission line can
accommodate the increased demand. '

1) Pumping station

Total Head :2lm

Number of pump . 2 duty and 1 standby

Water flow ;1.8 m¥min. per unit
"“Motor output : 11 kW per unit

2) Transmission lie (from junction taik to Res 675)
‘D=300mm, L=4,855m, [=3mvkm

~ 3) Distribution line

D:SOOnim, . L:II,ISS'm
© D=250 mm,  L=5250m



D=1S0mm, - L=2,300 m
D=100 iy, L=2,400 m
4) Junction tank

20mx20mx S m=2,000m!

) Construction and annual operation costs are estimated as follows:

- * Constyuction cost; © ' US$ 106,000
- Operation cost: US$ 9,024/vear
2 Garisa Arca

1. Outline of the Planning

The existing distribution pipeling of 150 mm in diameler is extended over the river Al Dulil to
supply water 1o Om Al Suleh from Hashemeyeh service area. New Garisa arca tocated in high
land (EL. + 580 m to + 630 m) at northera part of Suleh arcais supplied with water by a well
and under insufficient condition. The water supply condition in Hashemeyeh area is improved
" by the execution of Stage 1 project so that the sufficient water is éxpecled to be supplied in
Suleh area too from Hahsseyeh service reservoir. :

“To supply water to New Garisa area from piped water system, the water supply system is
‘planned. Water is taken at the end of distribution pipe in Sulch arca and pumped up to a

- reservoir which is put on a hill place. From the reservoir, water is distiibuted by gravity flow to

~ the new arcas, -

2. Water Supply Facilities

Itis assuined that the houscholds to be supplied mje'300 with 8 persons per houschold and per
‘capita consumption is 80 Vd applying it in 2005 and in aﬂding to 30 % of unaccounted-for

‘water. The planned flow and each facility are as follows:

1) Bstimated water demiand:

- Households: 300 )

- Persons to be supp'licd; o 300 x 8 =2,400
- Per capila consumption: | ‘80 d

- Unaccounted-for water: - 30 %

0-2



- Water deinand: 2,400 x (80 + 34y Ud x 1.2
' ' (day max. Factor)
=330 n/d=3.8 /s

2) Pipes . _
~Tosave the construclion ¢osts, the pipes for transiission and dlstrlbuuon are used
\Vllh pol) ethylene pipe. Length by diameter is ds follows:

-8 IOO ma; 1,000 m
- ¢ 80 mm: 200
- ¢ S0 mmn 1,400 m
3) Pump .
Horizon typc mulli-stage lu:bme pump is used for the h:gh lift.
- Pump: 950xa40x 0. 2’%11\3imm.

X 81 mx 7.5 kW x 2 units
{1-standby)
Single suction multistage

- Pump house: - 4mx4.5m ('18 m2)

" 4) Service reservoir
15 hours capac:ly is given for day max, flow. Float valve is msn]led in mlet pipe for
controlling inflow 10 the reservair.

- Reservoir: 82mx82mx3m
(effective depth)
200 m?
- Outlet and inlet pipes: @ 100 nun

5y Cons(ruchon and annual operation costs are estimated as follows: _
- Conslruction cost: o uss 12 600
- -Operationcost: - uss 4,370iycar'
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