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Wadi Mujib {View from Dhiban)

Small Spring in Wadi Heidan
(200m eastward from Wala bridge)

Flush Flood in Wadi Sueida (at Siwéqa bridge)
Date : 8 Nov. 1936

Qatrana Existing Dam
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F1 - THE PROJECTS

F1.l : Description of the Projects - .

F1101 " As described in the Main Report of the Master Plan Level Study,
the water demand in the Greater Amman area in the year 1985 exceeded the
supply capacity and more volume was pumped up from the wells than the
-.safe yield. As the results, water extraction was made over the sustained
yields (refer to Para M4316, Annex M4316).

F1102 Meanwhile, the Master Plan envisagéé that the study area will
demand water of 192 MCM/j-for the municipal poirpose in the target year
2005 including 188 MCM/y for the Greater Amman area and 4 MCM/y for the
Mujib basin, By ‘that year; however, ‘the existing supply capacity for the
Greater Amman area will reach only 91 MCM/y, 50 MCM by the existing
system (normal supply capac1ty) and 41 MCM/y by the planned system (refer
to Paras M5361 to M5365). : :

F1103 Thus it is evident that if things remain as they are, the water
demand will continue to exceed the existing supply capacity. To cope
with this foreseeable result, WAJ ﬁlans to exploit the ground water of
the Mﬁjib basin (neighboring on the south Amman).for the exclusive use in
the Greater Amman area, The‘bipeiine project for this purpose has been
‘already implemented (refer to Para M4321),

F1104 The outline of WAJ's pipeline project from the Mujib basin to

the Greater Amman area is as follows (refer to Annex M4321):

(1) Madaba-Yaduda-Suweilih Pipe Line Project
(constituting a part of the Amman Ring Line)

Water source : Wala Water Conveyance Project &

New Siwaga Water Conveyance Project

F1



Pump station :

Pipeline

- Completion

Fund :

Present stage:

Yaduda Pump Station

From Madaba through.Yaduda to the Dabuq Terminal
Reservoir (250,000 m3) of the Deir Alla System.
Madaba to Yaduda, pipe diamater 1, 000 ma,
length 15,2km : Co
Yaduda to Suweilih, pipe diameter.SOO,mm,
length 23.0km
Total length 38.2 km

1987
Saudi Arabian ioan

Under construction

(2) Yaduda-Abu Alanda—Azraq'Pipeline'Project
(constituting a part of the Amman Ring Line)

Water source :

Pump station :

Pipe line

Completion

Fund

Present stage:

Wala Water Conveyanée Project &

New Siwaqa Water Conveyance Pro ject
Yaduda Pump. Station

From Yaduda to the Azrag

Pipeline via Abu Alanda, dlameter 600 ‘mm
Total length 28.7 km

1987

Saudi Arabiah loan

Under construction

F2



(3) Wala Water Conveyance Project

Water source : The well field in the vicinity of the Kings

-Highway Wala Bridge & the base flow in Heidan
Intake quantity: 15 MCM/y
Pump ‘station : Pump station at Wala & a booster puap station
Pipeline : Pipeline from Madaba to Yaduda being already
under construction, This project has to place
"“a pipe line only between Wala and Madaba
- Piameter s 1,000 mm
Total length': approx. 19 km
Completion : 1987 (target) .
Fund : Yet to be decided
Present stage: Designing
(4) - New Siwaga Water Conveyance Project
Water source : Siwaqa & Qatrana well fields
Intake quantity: Yet to be decided
: Pwﬁp' station : Siwagqa pump station
Pipeline : From Siwaga to the Yaduda pump station via Qastal
Diameter - ¢ 1,000 mm '
Total length : 52.1 km

‘Completion & Yet ‘to be decided

.Fund s Yet to be decided

F3



Present stage: Designing

F1105 This Master Plan level stt_xdy intends to supply the Greatef
Amman srea with water from the Sultani (6.3 MCM/y), Siwaga~Qatrana (9.6
MCM/y) and Rumeil (7 MCM/y) well fields. ‘Consequently,: taking account of
the WAJ's plan mentioned in Para F1104, the following pipeline Projects
are independent with each other to supply water to the Greater Amman
area, and are studied under the condition of the feagsibility study level,

(1) Sultani~Siwaqa Pipeline Project: Pipeline f_rom_ the Sultani well field

to the Siwaqa pump station via the Siwaga-Qatrana well field

(2) Rumeil-Madaba Pipeline Project: Pipeline from the Rumeil well field
to the Madaba point of the pipe line of Wala Water Conveyance Project.

F1,2 Sultani-Siwaga Pipeline Project '

© F1201 General: The Sultani~Siwaga pipeline is planned to convey
water from the Sultani and Siwaga-Qatrana well fields to the ,Siwaqa- pump
station. The Siwaga pump station has been planned by.WAJ. Both well
fields are located along the Desert Highway in the Mu_]lb basin, Put
together, their sustained yield amounts to 15.9 MCM/y, 6.3 MCM/y for the
Sultani and 9.6 MCM/y for the Siwaga-Qatrana well field, The general

layout of the project is shown on Drawing Nos.l and 2.

F1202 - Although this pipeline wili rum parallel to the National Con-
veyer planned by the Jordan Government to cut through from the south to
north, they are to be constructed separately. ' '

1203 Along the pipeliné, there 'are already two dams in Sultani and
Qatrana and another one is planned in Siwaqa. The Main Repor_t.bf. ‘the
Master Plan Level Study recommends that further study be carried. out to
establish a recharge water plan using these dams, The plénned pipeliné

has enough capacity to take in recharge water from the dams..

F 4



F1204  'The following is the outline of facilities for the pipeline.

'(1)' Average pumped water volume (i.e. sustained yield) and peak pumped

water volume (mainly in July and August) are as follows:

. Average (MCM/y)  Peak (MCM/v)
Sultani o 6.3 - 6,3 x 13 = 8,2

Siwaqa-Qatrana . . 2.6 9.6 x 1.3 = 12,5

- Total o189 . 20,7

(2) The Sultani well field will have 18 wells (about 270m deep), each of
which will be equipped with a pump of 60 m3/h pumping rate. The Siwaga-
‘Qatrana well field, on the other hand, will have 21 wells (about 270m
deep), each of which will be equipped with a pump of 70m3/h and 90m3/h

pumping rates, -

(3) The pumps will average 16 hours dper.étion a day, while at the peak
time the operation will increase to 20.8 hours (16 hours x 1.3).

(4)  The pipeline will have two reservoirs, one at Sultani and the other
at Siwaqa. The capacity of the reservoirs shall be equal to average flow

volume during five hours.

Sultani reservoir 3,600 m>

E Siwaqa reservoir 9,100 m
5 The ‘diameter and length of each part of the pipeline is as follows:

Diameter  Length

o (mm) (m)
Bultani well field - Sultani reservoir  500-600 11,700
Sultani reservoir - Siwaqa. reservdir 600-700 23,100
Siwaqa reservoir ~ Siwaqa pump station  600-800 5,900

. Total - - 40,700

(refer to ‘Annex F1204)
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F1205  Well field and.well arrangement: Water source is dependent.on

the péﬁential well fields of "Siwaqa-Qatrana' and ﬁSultani" which are
. located along the Desert Highway in the Mujib basin, The Siwaqa*Qatrana
well field is situated in the desert highland with_elevatipn betweeg_?SO_
and 790 m and location between existing well’field_of Siwaqa and Qatrana,
The Sultani well field is located in the southern pért of the Mujib basin
between Qatrana and Abiad near the Mahattal El1 Manzil with higher eleva-

tion of 820 to 850 m,

F1206 -On the bais of the result of groundwater model.simﬁlatiOn which

is shown in Appendix G, the potential yield of the proposed. well field is:
eétimated to be 15.9 MCM/y in total, which includes_the_yield‘of 9,6

MCM/y from Siwaqa-Qatrana well field and 6,3 MCM/y from Sultani well

field. Deep wells of 39 in number, which include 21 wells in Slwaqa-;
Qatrana well field and 18 wells in Sultani well fleld are located with:
interval at 1 to 2 km each as shown in Annex F1206. The pumping rate of

these wlles are estimated in the range between 60 and 90 m3/h.-

F1207  Degign concept of the_pipe line system:  The design tonCept for.

the pipeline system is as follows:

(1) The diameter of pipeline is designed to accommodate a peak flow,

(2) Water is pumped up from the well fields to a high-level reservoir.
To be specific, water from the Sultani well field and the Siwaqa-Qatrana
well field will be sent to the Sultani reservoir and the Siwaqa reserv01r

respectively,

(3) The Sultani reservoir is located at the highest point of the pipe
line, so that water should flow from there to the . Siwaga puwp statlon by
means of gravity,

The pipeline plan and its profile are shown on Drawiﬁg NOSLB té 3.
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F1208 Peak flow: The water demand in the Greater Amman area
increases considerably in Summer. When pre;-,ent water gystems were de-~
signed, _the peak/average water supply ratio is estimated between 1.25 and
1.3, -This estimate has been confirmed by the actual records, which have
been between 1.2 and 1.3 (refer to Paras M4318 & M4319). The peak flow

of the -pipeline also sets the ratio at 1.3,

F1209 Even if an-average annual pumping volume is kept under a
sustained yield, excess pumping 'in a peak season may cause over-
extraction, That is why water should be pumped up cautiously by always

keeping an eye on ground water levels.

F1210° = ~ Setting the-peak/a\iera'ge'wéter supply ratio at 1.3 allows the

pipeline to have the following spare capacities,

" Sultani well field -~ Siwaga-Qatrana well field
6.3 x 0,3 = 1,9 MCM/y '

Siwaga-Qatrana well field - Siwaga pump station
(603 + 9.6) X [}03 = 4.8 MCM/Y

These spare capacities can be used for the conveyance of recharge water

as described in the following paragraphs.

" F1211 Recharge water: The Main Report (refer to Appendix C) of

Master Plan Level Study envisages to make further study on the fol 1ow1ng

recharge water plan using three dans,

‘Dam . Recharge Water (MCM/vy)
Sultani - 0.7
Qatrana . 3.2
- 8iwaqa C : 0,6

-+ Total 4.5

The- recharge water will be taken by the existing well flelds in Mujib

bas:m, namely Siwaga, Qatrana and Sultani well fields.
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F1212 In consideration of the water -demands in the Greater Amman area
in the target year 2005 and a capacity: of existing water conveyance
facilities in the Mujib basin, it will be necessary o send all the
recharge water to ‘the Greater Amman area by using the Sultanl—Slwaqa
plpellne. On the other hand, a diameter of its pipeline is détermined on
condition that a ratio of peak flow against an-average flow is 1.3,
Therefore, - the pipeline has a capac1ty to convey all the recharge water
wifhout the alteration of pipe diameter, even though all the recharge

. water would be developed,

¥1213 Bagis_for pipeline planning: When the shortest route is taken,

it becomes necessary to lay considerable length of construction roads.

So, the route is selected to run mostly along the Desert Highway.

F1214 Inside a well field, a pipeline is placed'CIbse to the center
line of the field as much as possible, go that it can be also used as a
collecting pipe line from each well., The construction cost can be cut in
this way.

F1215 Arrangement of reservoirs; selection of optimum pipe diameter
and utilization of gravity flow are determined to make the energy con-
sumption optimum by the profile.

F1216 The purposes of reservoirs are as follows:

(1) To reserve pumped water and regulate the discharge to keep water
flow suitable for downstream facilities

(2) To prevent the rapid change of hydraulic level in pipes.and keep the
operation stable

(3) To supply contingent water in an emergency

To achieve these purposes, reservoirs should be constructed in the

vicinity of a well fiéld or at a high point for gravity flow. . .
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F1217 Pipeline Alignment: On the basis of Para F1213, the pipeline
route is determined under the following condition (Sultani well field
lies on the east side of the Desert Highway, and the Siwaqa-Qastal well
field-on the west side). o '

(1) Frow the Sultani well field and Qatrana town, the pipe is aligned on
the east side of the Highway.

(2) Then the pipe crosses the Highway through a box culvert at the Karak
Road interchange. ‘ :

(3) From the Qatrana town through Siwaqa-Qatrana well field to Wadi

Siwaga, the pipe:is aligned on the west side of the Highway.
(4) Then the pipe crosses the Highway through the Wadi Siwaqa Bridge.

(5) From Wadi Siwaqa to the Siwaqa pump station, the pipe is aligned on
the east of the Highway. '

As-shown on Drawing Nos.l'and'Z; this pipeline’ route is the shortest
possible way to connect each well field with the Siwaqa pump station,

which, together with the general downward slope, makes it optimum.

F1218 - . Bipg}jggigggﬂgwu As shown on Drawing Nos., 3 to 10, the pipe-
line ‘on the whole makes a downward slope. The highest point being Sul-~
Eani'(11.7 km ffom a stéfting point in the Sultani well field), the slope
is gentle  between Sultani and Siwaqa (34.9 km) and steep between Siwaqa

and the Siwaqa pump stationm.

F1219  To make the most of this profile feature, a water will be

pumped up to the Sultani reservoir, and from there it will be sent down
by means of gravity, Two réservoirs will be constructed, one near the
Sultani wellifield and the other near the Siwaga~Qatrana well field,
They will be located at relatively high point and'dESigned to keep a free

water surface, so that stable gravity flow can be secured.
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F1220 The alterﬂative to this system is either to set up a reservolr
in the middle of the Sultani well field to collect water and pump it up
to the Sultani reservoir or to send the Sultani well water directly 1o
the Siwaqa reservoir, Having compared these two alternatives. with the
aforementioned &ystem, we have decided to adopt the latter from aconomic

and operational points of view (refer to Annex F1220).
F1.3 Rumeil-Madaba Pipeline Project

F1301 _ggggg;: The project aims to connect the Rumeil well field
which has sustained yield 7 MCM/y with the Yaduda pumping station-plannéd
by WAJ. Since a pipeline (diameter: 1',,000 mm) will run from Wala to.
Madaba and further to Yaduda is to be constructed by WAJ, the _'Rut_‘neil—‘
Madaba pipeline Ttuns from the Rumeil well field to Madaba point of the
Madaba-Yaduda pipeline by WAJ, The general layout: of the project:is.

shown on Drawing No. 8.

F1302  The Rumeil well field lies between the Kings Highway and the
Desert Highway, in the middle reaches of the Wadi Wala basin. It con-
sists of the Wadi Shabik and the Wadi el Butum basins, both being bran-
ches of the Wa&i Wala, The sustained yields of the Wadi Shabik- and. Wadi -
el Butum areas are 3,85 MCM/y and 3,15 MCM/y respectlvely, the total
bemg 7 MCM/y.

F1303 = The following is the outline of facilities for the pipeline,

(1) Annual average pumped water volume and peak pumped water volume of ..

the Rumeil well field are as below.

. Average (MCM/y) Peak- gMCM/z-Z
Wadi el Butum - 3,15 -+ 3,15 x 1.3:= 4,10 ..

Wadi Shabik - . 3.85 = 385 x: 13 = 500
Total _ - 7,00 I (L
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(2) For the Wadi el Butum well field, 9 wells of the depth of about 270m
will be drilled down. The Wadi Shabik well field have 11 wells of the
~depth of about 300m. Thus the Rumeil well field have altogether 20
wells, each of which will be equipped with a pump of 60 m>/h pumping

rate,

(3) The pumps will average 16 hours operation a day, while at the peak

time the operation will increase up to 20.8 hours (16 hours x 1.3).

(4) The following two reservoirs will be constructed for the pipeline.
The capacity of the reservoirs shall be equal to average flow volume

during five hours.

Abu Haliefa reservoir 1,800 m

'Rumeil reservoir 4,000 o

(5) A booster pump station will be installed right below the Rumeil

reservoir,

Rumeil booster pump station

" Total pump discharge 1,040m3/h
Pump head : 160m
- Nos. of pump 4 units
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(6) The diameter and length of each part of the pipeline is as follows:

. Diameter(mm) Length(m) -

Wadi el Butum - Abu Haliefa

well field © reservoir ' 300400 4,100
Abu Haliefa reservoir - Branch point . - 400 - : 5,400
Branch point — Rumeil booster 700 3,400
. pump -station _ R
Rumeil booster - Madaba comnection - 700 : 14,500
pump station point '
Total _ S 27,400

Diameter(mm) . Length(m) -

Branch pipe line : S
Wadi Shabik - Branch poiat ©..300-500 : - 13,900

(refer to Annex F1303)*

F1304 Hgl1;;1§;;nggLEgg;nggggggggﬂp: Water gource is dependent on
the well field of Rumeil which is situated in the middle reaches of
southern Wadi Wala between Xings Highway and Desert Highway including
tributaries of Wadi Shabik and Wadi el Butum. The Rumeil well fields is’
located in the valleys of the two Wadis of Shabik and-el Butum where the

ground elevation is in the range between 560 and 700 m.

F1305 On the basis of the result of_groundwéter model'simulation the
potential yield of the pfoposed well field is estimated to be 7 MCM/y in
total, Deep wells of 21 in number, which include 9 wells in the Wadi el
Butum and 11 wells in the Wadi Shabik, are located with intérval at 1 to
2 km each as shown in Annex F1206, The pumping rate of these wells are -
estimated to be 60 m3/h. S
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F1306 - Design concept ogughg_pggg;;gngggggwn The design concept for
pipeline system is as follows: =

(1) The diameter of.pipéline is designed to accommodate a peak flow,

(2) VWater will be pumped up from the well fields to a high-level reser-

voir. To be gpecific, water from the Wadi el Butum well field and the
Wadi Shabik well field will be sent to the Abu Haliefa reservoir and the

Rumeil reservoir respectively,

(3) Water will be carried from the Abu Haliefa reservoir to the Rumeil

reservoir by means of gravity,

(4) From the Remeil reservoir, water will be sent to the Yaduda pump

station by using the Rumeil booster pump station.
The pipeline plan and its profile are shown on Drawing Nos. 9 and 10,

F1307 = "Peak flov" and "Basis for pipe line planning" are the same as.
stated in Paras F1208 and F1213,

F1308 Pipéline alignment: There are two routes connecting the Rumeil
well field with the Yaduda pump station. .One is the Kings Highway
through Madaba, 'and the ‘other is the Desert Highway through Jiza (refer.
to Annex M4321). HaVing_comparéd these two routes, we have chosen the
'Kings Highway:route.' Accordingly, the préposed pipeline is connected
with the WAJ's Madaba-Yaduda pipeline at the Madaba point. Alternative

study for selecting the pipeline route is described in Annex F1308,
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F1309 As described in Para F1302, the Rumeil well field consists of
the Wadi el Butum and the Wadi Shabik well fields. The Wadi el Butum
well field is located on the highland across the Wadi Wala whereas the
Wadi Shabik well field 1ies in the low land of the reaches of the Wadi
Wala, Taking these geographical ‘conditions into account, a main pipelire -
will be set between Wadi el Butum and Madaba, while a branrh plpellne
will link the Wadi Shabik well field with the main lines

F1310 The main pipeline will be constructed from Madaba to the Wadi
el Butum well field'along the regional paved. road thrbugh Nitil, Rumeil,
Muzeir Alya and Aba Haliefa, It will be placed along the center line of

the Wadi el Butum well field which is now being used as farmland,
F1311 As shown on Drawing No.8, a branch pipeline will start from the
main line at the Wadi Wala. p01nt and reach the'Wad1 Shab1k.we11 field

which is now mostly desert.

F1312 Pipeline system: As shown in thé-ﬁrofile of Drawing No.9, the

main pipeline will cross the low land along the Wadi Wala, where the
ground is about 100 m lower than the surroundings;”'Abﬁ Haliefa lies on
the hill of the highland, which is 30~ 40 m ‘higher than the Wadi el Butum
well field.

71313 The pipeline system is planned to minimiZE'the wﬂter'preséﬁfeF'
on the main pipe at the low land crossing point of the Wadi Wéia"and'the_
branch pipe.. By this means, the de31gn1ng of’ plpes and Wadi Shablk well '

pumps will be made easy.

F1314 : To‘minimiée“the water presstre on thé-pipe at”the'river'Croés—
ing point, water will be conveyed from AbﬁlHaliefa to the other side of
the Wadi by means of gravity., To be more exact, water from the Wadi el
Butum will be pumped up to the Abu Haliefa reservoir -and from there con-
veyed to the Rumeil reservoir on the other side of the Wadi Wala (Madaba -
side) by gravity. From the Rumeil reserv01r, the booster pump will send

the water directly to the Yaduda pump starlon.
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F1315 . The branch pipeline from the Wadi Shabik well field will join

the main pipe line at the Wadi Wala point. Water from the Wadi Shabik
field will be pumped up to the Rumeil reservoir through leteral pipes,
the branch pipe and the main pipe,

F1316. Alternatives to this system is either (1) to set up a reservoir
and'a-pump‘étation érqund the end of the branch pipeline and pump up the
water to the Rumeil reservoir through the main pipe, or (2) to set up a
pump station at tﬁe Abu Haliefa in addition to a reservoir and a pump
station as above side around the end of the.branch pipe, and send the
water directly to thé Yaduda pump station by two pump statioms, Having
compared these two altermatives with the aforementioned system, we have
adopted the latter from economic¢ and operational points of view, (refer
to Annex F1316)
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F2 PRELIMINARY DESIGN OF SULTANT-SIWAQA PIPELINE PROJECT -

F2.1 Desgign Criteria.

F2101 - Qgﬁlguﬁggqiggggglqg The design of major facilifies for_tHe
pipeline are prepared,,based=on-the'Design'Criteria'of Water Works
Facilities which have been published by the Japan Water Works

Association.

F2102 Design_flow (qmax,); Design £low is the basis of the hfdradlié-.

design of a pipeline. For the planned pipe line, two design flows are’

set in the following formulas:

Well pump -- reservoir

Total pumping volume of wells(mB/h)
3600

qmax.(msls) =

Downstream of reservoir
(On the assumption of. 24-hour/day operation of punps)

3/5) - Peak flow (MCM/y)
365 x 24 x 3600

qmax, {m

The peak/average flow ratio of the pipeline is set at 1.3 (refer to
F1208). | | |

F2103  Hydraulic design: The following Hazen William's formula is to
be applied for the hydraulic design of the pipeline,

= 10,6606 x 0“1-85 x D487 qmax.l‘as

T =
where, 1 : hydraulic gradient
C : velocity coefficient
cement mortar lining = 130.
D. : diameter of-pipe (m)

- gmax. : design flow (mals)
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~ The value of: C reflects the internal -deterioration of the pipe after 30 .
years, To allow for the losses caused by valves or fittings, the above
I-value should be_increased:by approximately 10%,

entails the increase of construction cost and the decrease of pumping up
cost. Inversely, the decrease of a pipe diameter results in the decrease
of construction cost and the increase of pumping up cost. An optimum
diameter, therefore, is such one that makes the sum of annual interest

‘amortization cost and pumping up cost minimum (vefer to Annex F2104),

F2105 Capacity of reservoir: The purpose of reservoirs is two-fold;

to control the volume of water flow and to supply water at the time of

‘emergency. In the peak flow, well field pumps operate 20.8 hours/day,

‘whereas. pump stations at downstream work 24 hours/day. Thus,'théfunc-~

tion of reservoirs'is to store pumped water and regulate the discharge to

keep water flow suitable for downstream facilities., Also, in case of

accident at upétream, reservoirs provide emergency water, The calcula--
tion shows that the reservoir capacity equivalent to 4,2-hour average

flow volume is sufficient for this regulating purpose. In the proposed

pipeline, however, each reservoir capacity is set at 5-hour average flow

volume on the safe side. '

F2106 -~ : Disinfection facilities: The groundwater from the Mujib basin

has so high.quality.that no treatment is needed, The result of the water -
quality analysis is shown in clause 2.9 and 2.9 in Appendix C. From the
point- of view of domestic water' use, it' is essential that the chlorina-
tion.facilities must be equipped with the pipeline to keep the water
quality._.However, in consideration of the_condition on the pipeline
Projects-on this study, the chlorination facilities will be equipped with
the on-going Projects of WAJ to function effectively the chlorination.
 Therefore, no chlorination facilities are provided in the pipeline Pro-

jects.on.thiS-stﬁdy.-
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F2107 - Type_of pipei Ductile iron pipes will be used for the all

pipeline Projects taking account into techmical, economic and construc-

tive aspect (refer to Annex ¥F2107).

F2108  The determination of the pipeline route and réservoir/pump
iocations is based on the topographic map of 1/50,000 scale'and'field

surveys such as traverse survey, profile survey and topographic survey.
F2.2 Preliminary Design
F2,2,1 Production Well

- F2211 - The production well is designed to penetrate the main-aquifer. of -
the B21A7 formation to the depth of 265 to 285 m. The well:drilling is
performed by two Stages'in depth, that is drilling (1) by diameter of

17-1/2 inches to the depth of 175 to 200 m and then (2) by diameter ‘of -
12-1/4. inches to the bottom as shown in typical well designiof Annex '
F2211-1. The casing program consists of 1nsta111ng i) pump chamber pipe
with diameter of 13-3/8 inches and ii) screen pipe with diameter of 9-5/8
inches, which is installed in accordance with the drilling pfogfam'&s

mentioned above. "The dr1111ng and casing program for each’ productlon-

well is shown in Annex F2211 2.

F2212 Casing pipes are seamless carbon steel ‘type with thread coupl-
ing. The unit weight is 54.5 1bs/ft. for the pipe with 13-3/8 inches
diameter and 36.0 1bs/ft. for the pipe of 9-5/8 inches, in accordance.
with the specification of APl standard, The screen pipe=ié slotted tyﬁe'.
with open rétio of 5Z. Total length of the screen pipe is assumed to be
70% of the saturated zone, However, the details of the arrangement of
the slotting sections will be decided after performing the geophysical-

logging in each boreholes,
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F2213 Degign pumping rate of the. productlon well is estimated to be
60 to 90|n3/h depending on the operation schedule of 16 hours per day,
that ‘is decided by taking account of the regional aquifer parameters and
(2) the recovery factor of the wells, in order to sustain the B2/A7
aquifer system for the perennial use,

¥2,2,2 Pipeline System -

F2221 . Pipe diameter: The diameters of the pipes from the Sultani

well field:tb'the-Sultani regervoir are determined referring to the
"optimum pipeline diameter" as described in Para F2104. From the Sultani
reSefvoir to thé Siwaga pump station via the Siwaqa reservoir, where
water will be carried by gravity, .the ' "optimum plpellne diameter" would
produce . redundant water . head because of small friction loss and be un-
. economical. For that_part of the pipeline, therefore, dlameters which
are one or two scales smaller than the optimum ones should be employed in

order to reduce the construction cost., The pipe diameters are as follows:

" Diameter . qmax. Velocity
- o S (m) _ (@%/s) _(m%/s)

Sultani.well field (0 km) - 4.3 km 500 0.183 0.86
4.3 km ~ Sultani reservoir (11.7 km) - 600 0.300 0.99
11,7 km - 26,9 km, - 600 0.260 0,85

'SiwaqawSulténi -~ Siwaqa |

| reservoir(26 9 km) reservoir(24.9 km) 700 0.718 . 1.73

34.9 ki - 35.0 km : 800 0,657 1,31

35,0 km — Siwaga pump station(40.8 km) 600 0.657 2.34

F2222 Hydraulic design of the pipeline is shown in Annex F2222,
'F2.2.3_ Reservoir -
F2231 .-As mentioned in Para F2105, each reservoir capacity is set at

S-hour average flow volume. Its draw down is to be 4.0 m in Sultani,

5.0m in Siwaqa. -
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Average flow (MCM/y) Volume (m>)

Sultani. reservoir : 6,3 ' 3,600
- Siwaqa reservoir o 16.0 9,100

Total _ o S 12,700
The total capacity amounts to approximately 7~hqur average flow volume,

F2232 The layout of the reservoirs is shown oﬂ-Drawing Nos., 6 and 7,
A reservoir is to be divided into: two sections, While one is being used,
the other is drained for cleaning and maintenance. - Each section will be
equipped with training wall in order to prevent the formation of dead
water zone, . The reservoir will be - of reinforced concrete structure, its
roof being covered with gravel to shield it from direct sunshine. A
gimple control house will be built in each reservoir site for the survei-
llance of water level:in the reservoir, and flow volume and val#e“OPEra--

tion in the pipeline,

F2233 The Siwaga reservoir is located in the west side of the 132 KV
transmission line stretching along the Desert Highway, Hence there is a
steel transmission tower near the reservoir site, Though not by the
regulation, JEA demand that' the reservoir be built at'léaét-&ld) m apart
from the tower., To meet this'condition, the location of the'resérvoir
had to be chosen on the low ground. So raft foundation is used to raise

the bottom of the reservoir,
F2,2,4 Control System of Pipeline

- F224] The well pumps are provided at the Siwaga-Qatrana and Sultani
well fields. These pumps are operated by the one-man control system.
According to the adoption of this control system, each well pump is
independently started and stopped by the manual operation of a operator.
The remote control panel for well pumps will be provided in the control

house which will be located at near reservoir for each well fiéld._
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¥2242  The water flow in.the pipeline is controlled by the flow con-
trol valves equipped at the appropriate position in the pipeline., The
opening ratio of flow-control valves will be adjusted by the water level
gauge detector in each reservoir and electromagnetic flow meter in the

pipeline. -

F2.2.5  Electric Supply Plan

F2251 The electric supply:for the majof facilities will be carried out

~ from the existing distribution line along the Desert Highway which have

been installed by JEA. The location of existing distribution lines is

shown in Annex F2251.

F2252 The method of electric supply will be planned as follows:

(1) The new;33 KV distribution lines will Ee branched and extended from
the existing 33 KV distribution lines to the major facilities in

- each well fileld.

(2) The. voltage of 33 KV will be reduced to 400 KV at near major
facilities by the 33/0.4 KV pole mounting transformer.

- F2,2.6.  Other Appurtenant Equipment

F2261 . Flow-control valves: Flow-contrel valves with a flow meter are

installed at the end of a pipeline through which water comes into a
reservoir by gravity. Sinbe each pipeline is very long, a flow-control
valve is liable to cause a big water hammer due to sudden closing opera-
tion of valve, For this reason, sleeve type valves will be installed for

controlling the flow in the pipeline.

‘F2262 - Air vélves, blow—off and stop_valves: To facilitate water flow,

~air valves are installed on a convent parts of the pipeline. Blow-offs
leading to a drainage or the Wadi are installed on a concave parts of the
pipeline, At the startihg points, ending points, branching points and

main blow-off points of the pipe 1ine, sluice valves or butterfly valves
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are installed. The butterfly.valve chamber and blow~off are shown on

Drawing Nos. 14 to 16.
F2.3 Construction Plan
F2.3.1 General

F2310 The construction plan and implementatlon schedule on the
Sultani~Siwaqa pipeline are prepared by the assumptiocn that the. works‘
will be performed by contractors selected through local and international
competitive tenders. The main works'are:planned'to be constructed in the
form of a package system. The contract includes preparatory works. such
as the improvement of existing roads comstruction of a temporary bu11d—

ings for construction use.
F2.3.2 TImplementation Schedule

F2321 From the preparatory work to the final tests, comstruction work -
is planned to be completed in 28 months, starting in July 1990 and ending
in October, 1992, The detail of implementation schedule is shown on the

Annex F2321, Main components of schedule are as follows:

Financial arrangement = : January;December,-1988,~12 months -
Selection of consultant : January-March, 1989, 3 months
Tender and detailed design : April, 1988—Mar;h,'i990,:12 months

Tendering and contract award

including prequalification 1 January-June; 1998, 6 months
Construction work including .

preparatory work and final test : July, 1990—October, 1992, 28

months
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F2322  The implementation schedule is planned based on the required
work quantities. The work quantities for the pipeline are summarized in
Annex F2322,

F2323_:-,Depending on domestic and overseas condition, the import of
equipment and materials is expected to take three months including ship-

ping, ‘customs clearance and inland transportation,

F2.3.3 Construction Plan

amam R e e R

works are to be provided at respective site, The preparatory works.
consist of the improvement of existing roads and construction of storage
.yards and temporary buildings for construction use. Areas of ma jor
storage yérds and buildings are estimated as follows and will be located

near in Sultani and Siwaga reservoirs, respectively..

Estimated Area (mz)

Item . . Lane  Building
Goverménf office . 800 160
C§ntréct§r;s office 1,300 250
Co%traété%'s quarter - 3,000 1,000
Storaée yard 1,500 150
F2332 1.. The electric power required for the storage yards.and buildings

will be supplied: from the existing 33 KV distribution line of JEA. The
water supply for the above facilities will be supplied from the existing

water distribution system along the Desert Highway,
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F2333 Production wells: The construction of production wells in-
cludes: drilling of 39 boreholes with total depth of 10,680 m. It is
expected to take 18 months to complete the work, The drilling will be

carried out by using four units of rotary rigs with installing the func-
tion of chemical foam and air hammer. The rate of drilling depth is
estimated to be lump sum rate of 5 m per day per rig which-includes
drilling geophysical logging, casing installation, well development,-

pumping test and site transportation.

F2334 Pibelihe=svstem: The pipeline is altogether 40,7 km long, for

which ductile iron pipes having 500 to 800 mm diameters are:to be used.
The pipeline construction is planhed=to-be cbmpléted-in 18 months. The -
earth of the construction site seems to: be fairly hard, ‘ characterized by
weathered lime stones at hilly area or clay material with gravels at fldt
area under a soil surface. . Pipes-will:be burried: under fhe_gfouh&‘with‘
earth coverage of 1,0 m. For the trench excavation in the site, the
combination of a breaker and backhoe will be needed. To lay the pipes,
trench excavation will be carried out by a team equipped with the follow-

ing machines,

Machine ' Capacity : Quantity

Braker 1,300 kg © 1 set
Back hoe - . 0.6 m | 2 set -
Hydraulic crane 4.8 - 4,9t ' 1 set
Hand rammer 60 - 80 kg : .. 5 set
Bulldozer 8t : ' 1 set
F2335 Tt is estimated to take 43 days in calendar day to lay ¢ 500 mm

pipes for 1,000 m, and 54 days for 7004 mm pipes. The whole work will be
performed by four teams for main pipeline and three teams for lateral
pipeline in the well field, This plan, however, may have to be changed

by more detailed geoiogical survey,
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F2336 Reserveirs: The quantity of major works for the Sultani and

the Siwaqa reservoirs are as follows:

o Sultani Siwaga
Open excavation- (1113) .'2,400 2,600
Backfilling. (w3) L 1,500 . 2,200 -
" Reinforced concrete (m3) 1,620 7,240
F2337 It is estimated to take 12 months and 14 months to complete the

Sultani and the Siwaga reservoirs, respectively, Open excavation will be
carried out with a braker and a bulldozer., A concrete mixing plant of
| 3

the capacity of 1 m” will be installed, and concrete will be placed by

using a concrete pump,
F2.3.4 Requir'ed'Major ‘Construction Equipment and Plants

F2341 The major plants and equipment for the construction of the
project are as listed Annex F2341,

F2,3,5 Estimated Land Expropriation

F2351 The extent of land expropriation was provisionalljr estimated to

be 43 ha, constituting of 41 ha for pipeline and 2 ha for two reservoirs.
F2.4 Cost Estimate

F2;4,1 Basic Condition

¥2411. . The dinvestment cost of the Project and its operation and main-
" tenance costs are estimated on the basis of the preliminary design and
the prbposed construction plan and implementation schedule. All the cost

estimates are made at the price level of 1986 using exchange rates 0,342
JD or 155 Yen to 1 U.S, dollar,
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F2412 The basic conditions applied for the cost estimate are as

follows:
(1) Unit cost is estimated on the basis of the current gimilar projects.

(2) Costs of englneering services and administration are estimated at

107 of total direct construction cost,

(3) For unforeseeable change in physical conditions, 152 of total direct
construction cost ‘with engineering services and administration cost .
is added as physical contingency cost,

(4) Cbntingency cost resulting from currency fluctuation:is derived from

the estimated annual inflation rate of average 3% for foreign and
local currency, This inflation rate is forecasted by using the

following indexes,

- Foreign currency portion : Unit value index of manufactured ex-

ports from developed to developing countries forecasted by IBRD,

Source : Half-yearly Revisions of Commodity Price Forecasts, IBRD,
December 1983 '

~ Local currency portion : Amman wholesale'price index
Source : Central Bank of Jordan, Monthly Statistical Bulletin

(5) Land acquisition costs for pipeline are estimated to:.be 1,000 JD/ha
for the fertile farmland, and 500 JD/ha for the 6rdinary farmland.’

F2,4,2 Total Investment Cost

F2421 The total investment cost including contingency cost is esti-
mated at JD 19,262 thousand as shown on Annex 2421,
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F2422 . The local and foreign currency cbmponents of the investment

cost are estimated, - Most of the construction materials for civil work
such as cement, reinforcement steel bar, fuel, oil, etc. will be supplied
by the contractor from local market, Such materials and labour wages are
estimated as the local currency portion, Eqﬁipment and materials such as
pumps, ductile iron pipes, valves, electrical -facilities and distribution
line are agsumed to be procuréd from abroad, These belong to the foreign
portion.. '

F2.4.3 Disbursement Schedule

F2431 The Project is recémmended to be executed over four years for
se;ection-ofggonsultant, detailed design, contracting work and construc-.
tion work including preparatory works. The disbursement schedule of
in#gstmentfcost-is,to,be,made in accordanée with the work progressed and
is shown on Annex F243l.

F2.4.4 OQperation and Maintenance Cost

F2441 . _Judging_from the past records, the operation and maintenance
cost of the pipeline is assumed to be 0.5% of its investment cost. For.
pump stations and well field facilities, it is about 4% of the investment
cost. '

F2442 - .Qf the totai investment cost of the project, the pipeline
octupiés 60%, and the pump stations/well field facilities take up 40Z.
' Congequently total.operation and maintenance cost is calculated to be 27

of the total investment cost,

F 27 ..



F3 PRELIMINARY DESIGN OF RUMEIL-MADABA PIPELINE PROJECT

F3.1 Design Criteria

The principal items of design criteria are prepared as described in-
Paras F2101 to F2108. ' '

F3.2 Preliminary Design
F3.2.1 Production Well

F3211 . The production well is designed.tb‘penetrate the main aquifer of
the B2/A7 Formation to the depth of 250 to 335.m. Thé drilling is
performed by two stages in depth,’ that is drilling (1) by diameter of 17-
1/2 inches to the depth of 150 to 230 m and then (2) by diameter of 12~°
1/4 inches to the bottom as shown in typical weil.desigﬂ of Annex F2211-
1. The casing program consists of installing i) pump chamber. pipe with
diameter of 13-3/8 inches and 11) screen pipe with diameter of 9-5/8
inches, which is installed in accordance with dr1111ng program as men—
tioned above, The drilling and casing program for each production well"

is shown in Annex F3211.-

F3212 Design condition of the casing and screen plpe is described in.

the previous Para F2212,

F3213: Design pumping rate of the“production'Well'is'estimétéd to ‘be-
60 m3/h depending on the operation schedule of 16 hours per day, that is
decided by taking account of (1) the reglonal aquifer parameters and (2)
the recovery factor the wells, in order to sustain the B2/A7 aquifer

system for the perennial use,
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F3.2.2 Pipeline System

F3221 Pipe_diameter: The pipe diameters are determined referring to
the "optimum pipeline diameter" in Para F2104, The following is the
outline of pipe diameters.

Diameter  qmax. velocity
B _(mm) (m3/s) (m3/s)
Wadi el Butum well field (0 km) - 3.1 km . 300 0,067 0.95
3.1 km ~ Abu Haliefa reservoir (4.1 km) 400 - 0,150 1.21
4.1 km - Branch point:(9.5 km) 400 0,130 1.04 -
9.5 km ~ Rumeil booster- pump station '
(13,0 km) - e 700 . 0.313 .  0.82
13.0 km — Madaba connection point (27.1 km) 700 0.289 0.76
F3222 Hydraulic design of the pipeline is shown on Annex F3222,

F3223 As shown on Annex F3222, the profile of the Wala-Yaduda pipe- -
line have a point, which will comes above the hydraulic—~grade line for
Rumeii booster pump. This point .is located at 3.3km upstream side from
the ‘Yadudak pump station. Such profile will occur the obstruction to pump
operation. Therefore, itiis.pfeSUmed that  the route profile of Madaba-
Yaduda-pipeline would be reviewed by WAJ,

F3.2.3  Reservoir

¥3231 The reservoir capacity and its draw down are derived from the

same principle .as described in Para F21035,

: L , Average flow (MCM/y) Volume (m>)
- Abu Haliefa reservoir 3.15 - 1,800
Rumeil reservoir 7.0 4,000
Total - - _ 5,800

The total capacity amounts to approximately 7-hour for average flow

volume,



3232 Principle of layout and the structure of reservoirs are the same
as in. the case of the Sultani-Siwaqa pipeline,  The layout of reservoirs

is shown on drawing Nos.12 and 13,
F3,2,4 Rumeill Booster Pump Station

F3241 - Rumeil booster pump station will be installed in T.34 point as
shown on Drawiﬁg NO;Q, The number of booster pumps is decided so as to -
meet the peak flow requirement as defined in Para F2102; The pumping
installation comprises four electrically operate pumps, three duty units
and one standby. The pumping is normally continuous operation.. Type of
pumnp is of the double suction volute pump, -No provisionffdr‘standby
generator has been made, because as it is considered that the future.
electrification of the projeét area is sufficiently advanced to ensure

reliable'suﬁplies of power at the pump station.

F3242 The water hammar, which will be occurred in the pipeline due

to pump trip, is not analyzed in this report, because the design condi-.
tion of Madaba~Yaduda pipeline to be connected with this pipeline are not.
yet decided in detail. Besides, it'is essential thét'th&'water hammer
analysis in this pipeliné miist be made under,the'combined_operation of
both this pipeline and Madaba?Yaduda‘pipeline.- Accordingly, it is recom-
mended that the water haﬁmer analysis should be carried out on the de—

tailed design stage for this pipeline.
F3.2.5 Control System of Pipeline

F3251 The well pumps are pro#ided at the Rﬁmeil well field. These
pumps will be operated by applying of the one-man control system, which

is described in Para F2241,

F3252 The discharge of boostér pumps wiil.be controlled-due to the
number of pump, For the realization of the reliable control system for
booster_pumps,'the control system of the booster.pump:StatioﬁQwill be:

integrated into the control system of the Amman ring pipeline. Accord=:
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ingly, the booster pump station will be provided with the telemetering
equipment to :tramsmit the operational condition of the booster pump to

the master control station for the Amman ring pipeline.

F3253 © The water flow in the pipeline will be controlled by the flow-
control valves equipped at the appropriate position in the pipeline. The
opening ratio of flow-control valves will be ad justed by the water level
gauge detection in each reservoir and the electromagnetic flow meter in

‘the pipeline.
F.3.2.6 Electric Supply Plan

F3261 . At the present condition, no existing distribution line is
provided at the Rumeil well field. The location of existing distribution
lines is shown in Annex F2251,

F3262 . For supplying the stable electricity to major facilities, the
new 33 KV distribution line will be installed from the Queen Alia Air
Port substation at Jiza to the Rumeil well field.  The method of electric

supply will be planned as follows:

(1) The new. 33 KV distribution line will be insta}Lled'from the Queen
Alia Air Port substation to the Rumeil well field through Nitel,

(2) Thefvoltége of 33 KV will be reduced to 400 V at near major
facilities by the 33/0.4 KV pole mounting transformer,

F.3.2.7 Other Appurtenant Equipment

F3271 Surge_arrester tanks: Two number of surge arrester tanks will

‘be required -at near. booster pumping station to solve water hammer which

will be occurred due to pump trip. A capacity of one surge arrester

- tank is aésumed to be 100m3.

F3272 Flow—control val ves: Flow-control valves with a fiow meter are

installed at the end of a pipeline through which water comes into a
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reservoir by grav1ty. Since each'pipeline'is'very'long, the flow-control
valve is liable to cause a big water hammer due to the sudden closing
operation of valve, -For this reason, sleeve type valve will be installed

for controlling the flow in the pipeline.

F3272 ‘Air_valve, blow-off aﬂd Stop valve: To facilitaté'ﬁater fiow;‘

air valves are 1nstalled on convet parts of the pipeline. Blow-offs:
leading to a drainage or the Wadi are installed on a concave parts of the
pipeline. At the starting pbints, ending points, brancheing points:and
main blow-off points of the pipe line, sluice valves or butterfly valves
are installed. The butterfly valve chamber and blow-off are shown on:

Drawing Nos.l4 to 16,
F3.3 Construction Plan
F3.3.1 General

F3311 The condition of making construction plan is the same as pre- =
vious Pava F2311, ' ‘

¥3.3.2  Implementation Schedule

F3321 From the preparatory work to:the final test; construction work
is planned to be completed in 28 months starting in July 1990 and ending
in October, 1992, The: detail of implementation schedule is shown in the

Annex 3321. Main componente of schedule are as follows:

Final arrangement ¢ January — December, 1988,
12 months o
Selection of consultant : January - Mafch; 1089,
3 months:
Tender and detaileéd design = : April, 1989 - March, 1990,
' ' * 12 months
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-+ Tendering and.contract award i January - June, 1990,

including prequalificatibn & months

- Construction work including : July, 1990 - October, 1992,

preparatory work and final - 28 months
tegt -
F3322 The implementatidn schedule is planned based on the required

work quantities. The work quantities for the pipeline are summarized in
Annex F3322, .

F3323 - The import of equipment and materials is expected to take three

months as shown in Para F2323,
¥3.3.3 Construction Plan

F3331 Preparatory works: The component of preparatory:works are

almost same as said Para F2331., Area of major storage yards and build-
ings are estimated as below, and the location is supposed near planning

Rumeil booster pump station site.

Iten Estimated Area (mz)
T Land Building
Government office 600 160
Contractor's office 1,000 250
Contractor's quarter 2,400 1,000
Storage yard 1,200 150
'F3332  Blectric power required for the construction use will be sup-

" plied from the distribution line conducting temporarily from Nitil before

starting of construction,

F 33



F3333  Production wells:; The construction of production wells in-
cludes drilling of 21 boreholes with total depth of 6,050 m It is
expected to take 10 months to complete the work. The d:illingfwill be

carried out by using four units of rotary rigs with installing the func-
tion of chemical foam and air hammer, The rate of dfilling'dépth is
estimated to be lump sum rate of 5m per day per .rig which includes
drilling geophysical logging, casing installation, well development,

pumping test and site transportation,

F3334 Pipeline system: The length of the main. and branch pipelineS'

are 27.4 km and 13.9 km respectivély, for which ductile iron pipes having

300 mm to 700 mm in diameter are to be used. The total length to a main'
line and: a branch line comes to 41.3 km and this length is nearly same as

the case of Sultani—Siwaqa pipeline. The pipeline,cOnétruction is plen- -
ned to be completed in 18 months, Condition of the earth ih'the_cone
struction site is not so different from the dne in'Desert”Highway area,
Therefore same”ccnstruétion method in Paras F2334 and F2335 will be
applied to this construction site. Construction of the main pipeline
will be done by three teams and two teams for branch pipeline including
latoral pipeline in the well field, This plan,.however, may ‘have to be

changed by more detail geological survey.

F3335 Bgserioirs: The quantities of major works for Abu Haliefa and

e i o o o

Rumeil reservoirs are as follows;

| by Haliefs Runeil
Open excavation (m7) 1,900 2,300
Back filling (m>) 1,250 2,400

Reinforced concrete (m3) 0920 1,860

F3336 It is estimated to take 8 months.and 11.5 months to complete

the Abu Haliefa and the Rumeil reservoirs respectively, The installation
of Rumeil booster pump station is estimated at 5 months and will be
carried out at the same time together with the construction of Rumeil
reservoirs., Open excavation will be carried out with a braker and a

3

bul ldozer. A concrete mixing plant of the capacity 1 m ﬁill be provided,
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and concrete will be placed using a concrete pump,
¥3.3.4  Required Major Construction Eéuipmentrand Plantg

F3341 The majbr plant'énd equipment for the canstruction of the Pro-
‘jJect are listed in Annex F3341,

F3.3.5 Estimated.Land'Expropriatibn

F3352 .The extent of land expropriation is provisionally estimated to
be 27 ha consisting of. 25,5 ha for the pipeline and 1.5 ha for the
reservoir and pump stations. -

F3.4 Cost Estimate

F3.4,1 Basic Condition

F3411 Basic condition of cost estimate is the same as previous Paras
F2411 and F2412,

F3.4.2 Total Investment Cost

F3421 The total investment cost including contingency cost is esti-
mated at JD 14,621 thousand as shown on Annex F3421.

F3422 - . The definition of local and foreign currency portion are same
as Para F2422,

F3.4.3 Disbursement Schedule
F3431 The ﬁroject is recommended to be executed over four years from
the selection of consultant to the final test of pipeline. The disburse-

ment schedule of investment cost is to be made with the work progressed

and is shown on'Annex F3431,
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F3.4.4 Operation and Maintenance Cost .

F3441 Operation and maintenance cost is estimated at 2% 0f inveStment

cost in the same manner as shown in Paras F2441 and F2442,
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F4 ECONOMIC EVALUATION

F4,1 General.

F4101 ' The mun1c1pa1 water supply project is in general evaluated
technlcally and flnanc1a11y, exclusive of economic evaluation, because it
is very difficult to find out the real water value., In the present study,
an attempt is nevertheless made on the economic evaluation by assuming an
approprlate value of water. . The economic evaluation is made by economic
internal rate of return {EIRR), beneflt*cost ratio (B/C) and net present
value (B-C), and a sen51t1v1ty test is carried out in terms of EIRR o

ascertain the economic v1ab111ty of the project,

F4102 The evaluation is made as to three cases; (1) Sultani-Siwaqa
pipeline project, (2) Rumeil-Madaba pipeline project and (3) combined
project of (1) and (2). The project life is taken as 30 years from the

commencement of these projects,
F4,2 Economic Cost

F4201 . The economic cost of the prOJeCt is glven by applying the
transfer and opportunity costs and ‘the standard converS1on factor assumed
in Annex F4201-1 against the financial cost (see Paras F2421 and F3421).
The economic construction cost is estimated at JD 16,486 x 103 for the
Sultani~Siwaqa pipeline project, JD 12,510 x 103 for the Rumeil-Madaba
pipeline project and JD 28,986 % 103 in total. The annual flow of the
ecOnomiczconatrﬁction cost is shown in Annex F4201-2, and is summarized

below:
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Yconomic Construction Cost

Project Total 1989 1990 1991 1992

(1) Sultani-Siwaga 16,486 528 1,927 10,304 3,727

(2) Rumeil-Madaba 12,510 376 1,353 - 6,480 4,301

(3) Combined 28,996 904 3,280 16 784 8,028
F4202 ~ The economic operatlng and malntenance cost (OM cost) is

estimated to be JD 230 x 103 for the Sultanl—Slwaqa project and JD
174 x 103 for the Rumeil- Madaba pro;ect, and these’ annual flows together'
with the economic replacement cost are shOWn in Annexes F4202~l and
¥4202-2., The economic OM cost of the comblned progect comes to
J0404 x 103 and its cost flow is given in Annex F4202-3.

F4.3 Economic_Benefit

. F4301 The economic benefit of the pipeline cOnstrﬁc£idn'ﬁrojegﬁ wﬁuld'be
given as a product of the water value and the vblﬁmerof wafer supplied,
Howéver,_it is in general very difficult to find out the real water value.
An assumed value is therefore introduced in the present étudy. According:tb
the result of questionnaire to 47 cities (25 countrles) in the world 1n_
1982 by the Japan Water Works Association, the ratlo of water tarlff to

income per household is d;strlbuted as follows:

favio of water tari€t | bistribution ().
< 0.5 . 29.8
0.5 -~ 0,8 o 17.0
0.8 - 1.0 17,0
1.0 - 1.5 - 23,3
> 1.5 12,9

An average ratio is estimated at about 0,9% from the above distribution,
In general, it appears that the water .tariff reflects economic, . -

- financial, political and social conditions in respective'objective areas,
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and in a society matured economically, it is supposed that the water
tariff would be in the economic balance in the society, namely, such
water tariff is expected to be c¢lose to the economic value of water based
on result of the said questlonnalre. From such a viewpoint, in the
present=étudy'the water value per household is assumed to correspond to
appr0x1nate1y 1% of income per household based on result of the said
questionnaire; The effect to the economic evaluation of variation in the

water value assumed will be discussed by a sensitivity test later on.

F4302-  'The water value per cu.m in the Study Area in 1985 is estimated at
JD 0.231 under the following conditions:

(i) 'The ' per capita income adopts the figures given in Para M.3.1.5, for
- example, JD 738 per annum for the Amman Governorate and JD 689 per

annum for the natlonal level,
(2) Household size is set at 6.7 persons (see Table A~23, Appendix Ay,

(3) The per capita water consumption in the Study Area is assumed to be 90
1it/e/d for the Amman and Zargqa Governorates, 45 lit/c/d for Irbid
Governorate, 65 lit/c/d for the Balqa Governorate and 80 1lit/c/d for

 Karak Governdrate; based on figures in 1985 shown in Annex M5311.

Further, assuming that the real growth rate of per capita income will be
3% on average per annum during the period from 1985 to the end year of
the progect 11fe, the water value is estlmated at Jb O 293/m in 1993,

F4303 The water . volume supplled to the Study Area is designred to be
16 MCM per annum through the Sultani-Siwaqa plpellne and 7 MCM per annum
through the Rumeil-Madaba . pipeline in and after 1993. The economic
benefits brought by these water supplies are estimated under the following

_assumptlon':
(1)  Thé rafe éf‘109t and‘unaccounfed water is assumed to be 327 of the

: ﬁéuppliedeater on average during the period from 1985 to the end

year of:the project  life, in accordance with the projection of VBB
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Report.:

(2) The range of constrﬁction of two pipelines, Sultaﬁi#SiwaQa and
Sultani-Madaba plpeilnes, is a part of the whole. Tine, to the Greater

- Amman area. Accordingly, the ‘economic benefit of the prO]ect seems -

to be given by dividing the whole benefit_expected in the Greater. .
Amman area between the present project and the otherlConstruétion-
project of pipeline to be connected, for example, in ratio of the
construction cost, ‘This ratie is supposed as some 65% as to the

Sultani-Siwaqa project and some 80% as to the. Rumeil-Madaba - prOJect;

F4304 Under the said assumptlon, the economlc annual beneflt in 1993 is
estimated .at JD 2, 072 x 10° for the Sultani—Slwaqa project, JD 1,116 x 103;
for the Rumeil-Madaba project and JD 3,188 x 103 £ for the combined project.
These benefits would accrue during the period of project life increasing at
the rate of 3%. The economic benefit flow together with the flows of
construction cost and OMR cost are shown in Annexes 4202-1, 4202-2 and
4202-3,

F4,4 Economic Analysis

F4401 Using the annual flows of the economic cost andibeﬂefit,“EIRR
together with the benefit-cost ratio (B/C) and the net presemt value (B-C)

are calculated, and the results are summarized below:

EIRR - B/C  B-C (JD1,000)

‘Project (%) Discount Rate. Discount Rate

- 2% 10% 2% 10%

(1) Sultani-Siwaga = 11,6 1.82  1.14 ' 14,417 ° 1,879
(2) Rumeil-Madaba 7.6 1,28 0.81 3,797 ~-1,852

(3) Combined = 10,0 1.5 ~1.00 18,214 27

EIRR of the project is estimated at 11.6% for the Sultani-Siwaga projééf
and 7.6% for the Rumeil-Madaba project, and further 10,02 for the combined
project. As for the Rumeil-Madaba project, EIRR is somewhat. low compared
with that of the Sultani-Siwaqa project, but'it:éeéms'td'be“faififzhigh_

judging from an average level 6f'municipa1 ﬁétéf9SUpply“§roject.
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Accordingly, it indicates that both projects are economically viable.
¥4,5 Sensitivity Test

F4501 Theisensiﬁivity of EIRR is tested for increase in the project cost
and decrease in the project benefit by 5% and 10% either of the cost and

benefit, and the result is summarized below:

(1) EIRR of Sultani-Siwaga Project

Unit : 2
Decrease in Benefit
0% 5% 10%
Increase in Cost
0% C il.6 . 11,0 10,3
5% 11.0  10.4 9.8

10% ' 1 10.4 9.8 9,2

(2) FEIRR of Rumeil-Madaba Project

Unit : %
Decrease in Benefit
0% 5% 10%
Tncrease in Cost .
0% 7.6 7.1 6.5
5% S 6.6 6.0
107 6.6 6.1 5.5
(3)  EIRR of the Combined
| o Unit : %
Decrease in Benefit
0% 5% 10%
Increase .in Cost
0% 10.0 9.4 8.8
- 5% 9.4 8.9 8.3
- 10% 8.9 8.3 77

In common to all of the above three cases, EIRR decreases by about 1% due
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to the 10% decrease in benefit, for example, EIRR of the Rumeil-Madaba -
project decreases from 7.6% of the ofiginal to 5.5% in case of the 103%
increase in cost and the 10% decrease in benefit, but it is still higher
than the average level of municipal waterusupply project. Accordingly,
the result of sensitivity test indicates that the'project-is economicélly
.viable, For exampie,'the bengfit-would decrease,by‘zoﬂ.in cage of the-
20% decrease in the water value or the 20% increase in distribution
losses of water, and as the result EIRR would decrease by about 2%, but

the project is still economically viable.
F4.6 Social and Economic Impacts

F4601 . Aside from the direct benefit discussed in Para F4.3, various’
indirect and/or intangible effects would be, produced from the
implementétion and completion of the project. Among them, major effects

are mentioned below:

(1) Completion of the project would relieve water shertage in the
Greater Amman area after 1993, As a result, it would be to give a
basic security for the.stabilizqtion of people's livelihood and for

the development of socio-economic activities of inhabitants,

{2) Implementation of the project would give a stimalative effect for

promoting the socio-economic development in and around the Study Area,
(3) The greater employment opportunities would be created for

inhabitants, especially for unemployment laborers, in and around the

Study Area during the construction period of four years. -
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- F5.  FINANCIAL EVALUATION

5,1 Financial Cost

5101 The financial cost is provided -as to two cases with and without
loans for the construction fund. The financial construction cost is
estimated at JD 19,263 x 10° for the Sultani-Siwaqa pipeline project,
JD 14,621 x IOngor the Rumeil~Madaba pipeline project and JD 33,885 x
103 in total {see Para F3.4.1), The annual disbursement schedule of

these costs is summarized below:

Annual Construction Cost:

Unit: JD 1,000

Project  Total 1989 1990 1991 1992°

(1) - Sultani-Sivaga . 19,263 601 2,216 11,979 4,467

(2) Rumeil-Madaba 14,621 427 1,541 7,525 5,128

(3) Combined 33,884 1,028 3,757 19,504 9,595
_FSIQ2. The loan cfmditions for construction fund are assumed as follows:

(1) Infernatiohai loan is financed for the foreign currehcy portion
" (F.C.) of construction cost under the following conditions:
- Annual intérest rate: 4,5 %
~ Grace period: 7 years

—_Répaymeht period: 25 years (including grace period)

(2) Dﬁmeétig loan.is.financed_for the local currency portion (L.C.) of

- construction cpét ﬁnder the following conditions:
f'AnﬁuélAintereSt rate;; 6%

-:Gface period:_ 4 years

 -~ Repayment period; 7 20-years (including grace period)
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The annual flows of these interests'together'With the capitalrare giﬁen
in Annexes F5102-1, F5102-2 and F5102-3.

F5103 The financial operating and maintenance cost. (OM coet) is
estimated at JD 271 x 103 per annum for the Sultanl—Slwaqa project and
Jb 205 x 103 per annum for the Rumeil-Madaba prOJeot and the annual.
flows of OM cost together with the replacement cost are shown in Annexes
F5102-1 and F5102-2. The OM cost of ‘the combined" project comes to JD 476

x 10° per annum, and its annual flow is given in Annex F5102-3,
F5.,2 TFinancial benefit

F5201 The financial benefit -(or revenue) is'given as a producteof the
water tariff and the volume of water eupplled The average monthly volume
of water consumption per household in the. Study Area is estlmeted to be

3

18 m3 for the Amman and Zarqa Governorates, 9 m~ for the Irb1d Governorate,'

3 for the Karak Governorate, u51ng

13 m> for the Balqa Governorate and 15 m
the assumptlons in terms of the household e1ze and the per caplta water
consumptlon shown' in (2) and (3) of Para F4302, By applylng these results
to the water tariff of Jordan as of June 1986 (see Annex F5201) and the
populatlon distribution by governorate (see Annex M5231), an average tafiff
of water supplied in the Study Area is estimated to be JD 0. 117/m in 1986
Further, it is estimated at JD 0144/m in 1993 assuming that the average
growth rate of water tariff would be 3% per annum during the perlod from

1986 to the end year of the project life.

F5202 In and after 1993, the annual water volume to be supplled to
the Study Area through the Sultan1w81waqa plpellne and the Rumed 1-Madaba
p1pe11qe is 16 MCM and 7 MCM, respectlvely, as mentioned prev1ously, In
1993, the annual revenue from these water supplles is estlmated at
JD 1,567 for the Sultani-Siwaqa project and JD 685 x 103 for the Rumeil-
Madaba project, by applying the said eupply volume.to the water tariff
mentioned in the preceding paragraph, and further taklng into account the.
rate of 32% in terms of the lost and unaccounted weter. The revenue
flows of three cases are given in Annexes FSIOZ—I; ﬁSiinZ and F5102-3,

respectively.
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F5.3 Financiél Viability

F5301_ . Using the:annual.flows of the financial cost and benefit (see
Annexes F5102~1, F5102-2 and F5102-3), the financial internal rate of
return (FIRR) together with the benefit-cost ratio (B/C) and the net

present value (B-C) are computed, and the results are summarized below:

Case l: without loan o
FIRR - B/C B-C (JD 1,000)

(%) ‘Discount Discount

Do Rates 2% Rate: 2%

(1) * Sultani-Siwaga 6.6 1.60 15,492

(2) * Rumeil-Madaba 1.3 0.92 -1,491

(3) Combined : 4,7° 1.64 33,912

Case 2: with loan _

(1) Sultani-Siwagqa 3.8 1,20 6,837

(2) Rumeil-Madaba = 0.68 -8,474

(3)" Combined 1.7 0.97 ~1,637
(1) Case without loan: °

. FIRR is estimated at 6.6% which is financially viable for the
Sultani-Siwaqa project. Regarding the Rumeil-Madaba project, although
FIRR shows the low figure, it seems to be viable financially from the

stand of public utilities corporation.
(2) Case with loan:

" “Under the'Loan'gonditions mentioned in Para F5102, FIRR is estimated
as shown above. It indicates that the Sultani-Siwaga projéct and the

combined project are financially viable and the Rumeil-Madaba project is

inviable financially.
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F5302 - The annual flows of the revenue and expénditure of the project
are given in Annexes F5102-1, F5102-2 and F5102-3, 1In case:of the
Sultaﬁi—Siwaqa project, the annual revenue from water sold could cover.
the annual expenditure in the fourteenth year (the year 2002) after the
start of project, and the accumulated deficit would'bé'eliminated in the

twentieth year (the year 2008). On the other hand;:in case of the
Rﬁmeil—MadabarprOjéct,.the annual_revéuﬁe could cover the annual
expenditure in the twenty-third year (thef?ear 2011), butAthé accumulated
deficit would not be eliminated within the period of project life. In
casé of the combined project, the_accumulatéd deficit could be eliminated
within the period of 30 years, Tt éppears'that.the Remeil-Madaba project
is attended with financial difficulty. As a measure to relieveisuch
difficulty, it is considered to be impleménted as one package financially

by combining the Remeil—Madaba‘project-with the SulfanifSiwaqa_project,
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‘F6 INSTITUTIONAL STUDY

F6,1 Executive Agency for Construction

F6101 In:Jordan,'the Jordan Valley Authority (JVA) and the Water
Authority of Jordan (WAJ) are in charge of every project relating to
water resources and water supply. Both organizations are directly

accountable for the Prime Minister of Jordan.

F6102  JVA is mainly engaged in agro~related projects in the low land
{below sea level) facing the Jordan Valley and the Dead Sea.

F6103 WAJ conducts the development and management of water supply/

sewerage systems outside the domain of JVA, . Its main activities include:

Water supply & sewerage service

Monitering of water resources & water quality
Planning, designing, construction, operation and
maintenance of facilities for water resources,

water supply & sewerage
The drganization chart of WAJ is shown on the Annex F6103,

F6104 The current project aims to construct water supply systems from’
the Mujib basin to the Greater Amman area., The contents and location of

the project indicate that WAJ shall be in charge of it,

F6105 WAJ takes full respomsibility for the whole process of the

project; including survey, planm, design and construction..

F6106 WAJ is curréntly'engaged in the construction of the Sueilie-Madaba
:pipéline and Yaduda~Abuy Alanda-Azraq pipeline, Also, the Wala water
conveyance ‘projéect and New Siwaqa water conveyance project are now at the
:Stagé'of planning and designing, All these projects are carried out. in

cooperation with appropriate consulting firms, which design, construction
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works to be executed by contractors selected through international com-

petitive tenders. WAJ supervises the whole process of projects.

F6107 Under the general management of WAJ, appropriate consultlng firms

take part in the ‘pipeline project proposed in this study, too.
¥6.2 Executive Agency for Operation and Maintenance

F6201 The pipeline systems coﬁstructed-by this project will belong to
WAJ., The operatioh of these systems would be fully in tune with fhét of
‘WAJ's other water supply syétems for the Greater Amman area, : Therefore,
the operation and maintenance of the planned pipeline systems would be

“also performed by WAJ,

F6202 In order. to carry out Sultanl—Slwaqa and Rumeil-Madaba .pipeline
prOJects successfully and operate the completed facilities for these
pipelines in a sound manner, a spec1al task unit would be desirable to be
established in WAJ, The line of authority of the task unit will be led
by the pfesident of WAJ, All staff of the task unit will be taken from
among ithe staff of WAJ, '
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F7 ~ CONCLUSION AND RECOMMENDATION

F7001 Water supply_to the Greater Amman area: In 1985, the supply of -
water to the Greater Amman area and the Mujib watershed was 61.5 MCM
against the demand of 70 MCM, In the target year 2005, this demand will
grow to 162 MCM with average annual growth rate of 5.2%.. WAJ is
undertaking many projects to increase the supply capacity. However,
with all of the capacities of such projects added, the total capacity
will become 114 MCM leaving a deficiency of 78 MCM. Thus, further

reinforcement of: supply: ¢apacity is definitely needed.

F7002 _Advantage of_ the_ Mujib_groundwater: The groundwater
potential clarified under the present study, ‘about 23 MCM, is the only"
water source of which quantitative character is kuown at present. Mujib
groundwater'is:-loca’ted nearest to the Greater’ Amman area among all the
conceivable water. sources., And, the entire Mujib watershed is located
in-the Kingdom leaving no international problems to develop. These
conditions indicate that the Mujib groundwater is highly suitable for

the source of water supply in the Greater Amman area,

F7003 . Allgtment of groundwater: Under the Study, it is clarified
that the sustained yields of the well ‘fields are 6,3 MCM of Sultani, 9.6
MCM of Siwaqa-Qatrana, 7.0 MCM of Rumeil and 5.0 MCM of Lajjun. Of
~them, the Lajjun well field is to be préserved. for the future
development of the oil shale by the Government policy. Total of the
remainder makes some 23 MCM, This amount corresponds to about 30% of
the afore-mentioned deficiency of 78 MCM and to reduce the deficiency
down to 53 MCM, Moreover the extraction of the full amount does not
give essential influence on the amount of the base flow on the lower
reaches, VHence, it is planned to take this amount for the water supply

of the Greater Amman area.

F7004  Formulation _of _ pipeline _projects: Currently, WAJ is

undertaking the Iimpl'ementation of many pipeline projects. The outcomes

-of these projects are to be used fully for the development of water
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gsource under the preseht,sﬁudy. Water from the proposed Sultani and
Siwaqa-Qatrana weli'fields located to the s@uth of-Siwaqa is to be sent
through pipeline to Siwaqa from which place the Yadudah-Siwaqa pipeline
is Eo be cohstructed'by WAJ. This pipeline with the Sultani and Siwa§a~j
Qatrana well fields are to formulate a pipeline project referred
tentatively to as the Sultani-Siwaqa pipeline Project. wWater:frOm-the-
Rumeil well field is to be sent through pipeline to Madaba from which -
place the Yadudah-Madaba pipeline is to be.conStrupted by WAJ. - This
pipéline with the Rumeil well field are.to fo_tmula_t;éa'pibéline-project
referred tentatively t6 as the Rumeil-Madaba pipeline Project. For.
these two pipéline projects, studies on the-feasibility'study 1eve1'are
made, and the results are stated later.

F7005 §u;§§gi_Sgggga_Eiggligq;Efgjgct: Four 'yEars-willfbe-
necessary for construction,  The total financial -cost is.estimateﬂ at.JD
19.262 mil lion (equivalent to US$ 6.7 million at JD 1 = US$ 2,92 rate). .
Of the amount, JD i&u425 milliom_is for foreign. currency.portion and-JD
4,837 million is for local currency portion, The ecomomic cost of the
Project is estimated at JD 16.480 million against the total inﬁestment
cost. FEconomic benefit is calculated at JD 2.1 million a year, and -
financial benefit at JD 1.5 million a year., Then the economic internal
rate of return {EIRR) is evaluated at 11,6% -and the financial. internal
rate of return (FIRR) at 6.6%. The total financial cost is summarized :-

on the following table.
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(Unit: JD 1,000)

Ttem - " Foreign - - Local
: No._ . . Descriptien - . Total. Currency Currency
(1) Land Acquisition S 43 -0 43
- (2) Direct Cost : 13,561 10,658 2,903
(3) Engineering Services 1,356 664 694
N and;Administration ‘ |
(4) Physical Contingency 2,238 1,698 - < 540
(5) Price Escalation 2,064 1,405 659 -
Grand Total .~ 19,262 14,425 4,837
F7006 ~ Rumeil-Madaba Pipeline Project: - Four years will be necessary

for'constructibn.-'The financial cost is estimated at JD 14,621 million
(equivalent to US$ 42.7 million at JD 1 = US§ 2.92 rate)., Of the
amount, JD 11,143 million is for foreign currency portion and JD 3,478
milljon is for local currency portion. The economic cost of the Project
is estimated at JD 12,510 million against the total investment cost,
Economic benefit is calculated at JD 1.1 million a year, and financial
benefit at JD 0.7 million. Then EIRR is evaluated at 7.6% and FIRR at

1.3%.  The total investment cost is summarized on the following table,

(Unit: JD 1,000)

- Ttem - _ Foreign Local
No, | :DeScriptién Total Currency Currency
(1) Land Acquisition 27 0 27
(2) Direct Cost 10,263 8,205 2,058
(3) Engiﬁeéring Services 1,026 503 523

and Administration | |
(4)  Physical Contingency 1,693 1,306 387
(5) Price Escalation 1,612 1,129 483

Grand Total 14,621 11,143 3,478
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F7007 Combined congideration: As mentioned'above, two pipeline
projects are formulated because of the intention to utilize fully the
on-going pipeiine projects undertaken_byyWAJ. -However, these two
pfojects are to be considered'torbe.the integral :parts of the
comprehensive plan to develop the groundwater potential of the whole
Mujib waiershed. In this context, the fund procurement of two projects
is desirably to be made in a package. Combined EIRR is calculated at

107% and FIRR at 7%Z.

F7008  Sengitivity tests: The sensitivity of EIRR is tested for
increase in the economi¢.cost and decrease in the economic.benéfit by 5%
and 10% either of the cost and benefit., In common to all of the above
three caéés, LIRR decreases by about 1Z due to thé 10% increase in cost
or the 10% decrease in -benefit, for éxamplé, EIRR of the .Rumeil--Madaba.
project decreases from 7.6% of the original.to 5.5% in case of the 10%
increase in cost and the 10% decrease in benefit, but itfis:still=higherf
than the average level of municipal water supply project; Accordingly,
the result of sensitivity test indicates thatuthé-prnject is

economically viable,

F7009 - .ngommgqﬁqﬁiog: _Both projéété_are teChnicélly'feasihlEr
Both projects are economically and financially viable.” Inm view_of the -
necessity of urgent reinforcement of city water supply, it is
recommended to commence to take necessary step for implementation of the.

both projects at the earliest possible time,
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