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PREFACE

In response o a request from the Government of the Hashemite Kingdom of Jordan,
the Government of Japan decided to conduct a basic design study on the improvement of water
supply system to greater Amman and entrusted the study lo the Japan International Coopération
Agency (JICA).

JICA sent to Jordan a study team from June 2 to July 16, 1996.

"The team held discussions with the officials concerned of the Governnent of Jordan,
and conducted a ficld study at the siudy arca.  After the team returncd to Japan, further studies
were made. Then, a mission was sent to Jordan in order to discuss a draft basic design, and

as this result, the present report was finalized.

I hope that this report will contribute to the promotion of the project and to the
enhancement of friendly relations between our two countries.

I wish to express my sincere apprec:iauon to the officials concerned of the Govemmcnt
of the Hashemite Kingdom of Jordan for their close cooperation extended to the tears.

S Dccemberlg% j '
Kimio Fujita
President

Japan International Coopcrétinn
Agency ‘






December, 1996

Letier of Transmittal

We are pleased to submil to you the basic design study report on the improvement of
water supply system to greater Amman in the Hashemite Kingdom of Jordan.

This study was conducted by Tokyo Enginecring Consultants Co., Ltd. in association
with Nippon Koei Co., Ltd., under a contract to JICA, during the period from May fo
December 1996.  In conducting the study, we have examitied the feasibility and rationale of the
project with due consideration to the present situation of the Hashemite Kingdon of Jordan and
formulated the most appropriate basic design for the project under Japan’s grant aid scheme.

Finally, we hope that this report will contribute to further promotion of the project.

Very tiuly yours,

g7l framan
Kazufdmi Momose -

Project manager, |

Basic design study team on

_ the improvement of |

water supply system to

greater Amman :
Tokyo Engincering Consultants Co:, Ltd.
in association with

Nippon Koei Co., Ltd.
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Cha’pte'r 1 Baékgrbund of the Project

" The Hashemite Kingdom Jordan with her land of 89 thousand km' and her population of 3,823
thousand in 1993, is bordered with Egypt, Istact, Syria, Irag and Saudi Arabia. Her per capita
GNP was 1,190 US dollars in 1993. Her economy with deep relation with her neighboring oil-
producing countries, had long been suffered from trade deficits. Aflter the gulf crisis, her
economy has further worsened because of stagnant trade with the neighboring conntries,
shrinkage of export markets, ‘increase of population due to many returnees from the gulf
countics, decrease of remittance inflow. As a result, her financial situation is now in a severe

situation,

The population increased at high growth rate of 3.2% in 1992. With the increase of the
population, water demand for doinestic as well as agriculture increased as well and reached to
1,300 MCM in 1993. On the other hand, water supply volume is only 930 MCM in the same
year, less than the water demand. Groundwater which accounts for 54% of the water supply
has been over-extracted to lry to meet the water demand. As a result, water tables are lowered
and conlents of water have lols of minerals so that further water supply from the groundwater is
difficult.

Water to Anuman comes, in addition to groundwater, from the King Abdul Canal (KAC). The
waler is taken at Deir Allain the KAC and boosted with intake pumps and four booster punps
to the Zai water treatment plant. After trealment, waler is again pumped to Amman. The
difference in elevation is 1,100 m between Deir Alla and Amman. This Deir Alla - Zai system
(DAZS) had never fulfilled its 45 MCM/year capacity since its inauguration of 1985 due o
insufficient raw water at Deir  Alla. The water supply sitvation is, therefore, severe wnh
supplying only two days per week durlng sumimner penods

However, the Peace Treaty concluded in October 1994 between Jordan and Israel has brought
Jordan with additional water which has come from the Yarmouk river, Tiberias lake etc. As a
result, available raw water is sufficient at Deir Alla for the DAZS. Its 45 MCM capacity is,
however, lowered to about 37 MCM capacily now due to abrasion of pump i'mpcllcrs‘ elc.
Therefore, in order to utilize the -available water at Deir Alla to the fullest, the DAZS needs
rehabilitation as well as expansion.

The government of Jordan has requested the government of Japan rehabilitation of the intake
pumpmg station and four booster stations as well as expansion of the Zai treatment plant. In
~ response, the government of Japan sent a JICA preliminary study mission 10 Jordan in Januacy
© 1996, to evaluate the request, The mission found that the request was reasonable to conduct the
“basic dessgn study”’, further slep towards appraising Japanesc gram-ald projcct The mission
also found that the contents of the requested project would be too large for the J apancsc grant-



- aid project so that the contents-of the basic design study is limited to four booster stations and

- 7ai water treatment plant.
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Chapter 2  Contenis of the Project
2.1 Oblectlves of the Project

The 'mnual rainfall arouud Amman is only about 3(}0 mm, and is concentratc(l in the months
between November and March. Accordingly, there is no stream flow in the rivers during the dry
months and the surface water cannol be used as a stable water source for the water supply
systems in Jordan. The water suppiy systems dcpend entirely on groun(l water, excepting the Zai
~ water supply systcm which is the topic of this Study. Ongmally, spring water and gtound waler
in Amman were used as w.iter sourees, but since the amount of waler from these soutces was
lnmied water was fetched from remote wells outside the city. All renewable grmmd waler
sources in Jordan were developed so that today the ground water level has decreased and the
quality of water has deteriorated.  As a result, the water supply situation in Jordan (including
areas around Animan) is very severe, with water being rationed frequently especially during the
dry period when the demand is high.

As a result of the Peace Treaty signed in October 1994 between Jordan and Isracl, surface water
was shared from the Yarmouk river and I.akq Tiberias in Israel, which mitigated the severe water
supply situation in Jordan lo: some extent. However, the water supply is limited, and the severe
situation conlinues today. Rehabilitation and cxpahsion of existing facilities for mitigating the
severe waler supply situation in Amman has become an urgent topic. The govesrnment of Jordan
“prepared two plans, described below, for dealing with the problem of inadequate drinking water

supply.

"1) Plan for renewing the deteriorated raw waler pumps and transmission pmnps in the Zai system
(between Deir Alla and Aminan), procuring and installing materials and equipment required for

~restoring the planned water supply of 45 million m’!ycar for the Zai system. - '

2) Plan for expanding the water supply of the Zai system from 45 million m’/year to 90 milion
m’/year.

The present Study has the objectives of restoring the water supply of the Zai system (o 45 million
~ mPlyear by rehabilitation, further expanding it to 90 miltion m’/year (250,000 m*/day), and to
“convey and supply this water (o the Amnian city area by procuring and installing the necessary |
materials and equipment and constructing facilitics for the same. The No. 1 to No. 4 pumping |
stations in the Zai system, the raw waler main between the No. { pumping station to the Zai
treatment plant, and the Zai fceatmient plant fall in the scope of this Study; the distribution facilities
between the Zai treaiment plant and the Dabuk distribution reserveir do not fall within the scope of
this Study. | |



2.2  Baslc Concept of the Project (Part 1 Rehabltitation Portion)

After the Peace Trealy was signed, and from March 1996, the amount of usable water Increased
since water could be conveyed from Israel to Jordan and the Zai system between Deir Alla and
Amman could operate continuously since the intake water was adequate. ~ However, ihe subpiied
amount is 37 mitlion m*/year or 100,000 m*/day, which is about 80% of the planned figure of 45
million m*/year or 12"! 000 m’lday To restore the planned supply capacity, the taiv water pumps
can be replaced by new pumps with the exisling capacity. ]Iowcver, this is not cconomical since
expansion of this system is contemplated in the néar l'umrc and further inistallations of additional
pumps of the same capacity would become necessary. Consequently, replacement plans should
" take into accout the cffective use of pmﬁps for planned increase in capacity in the future, even
during (he rehabititation stage.

The following items are included in the basic policy for rehabititation: |
¥ A capacily of at least 123,000 m’/day should be available,

* Rehabilitation should be planned assuming that the capac'ity of the facitities will shortly be
expanded to 90 million m*/year (250,000 m3/day).

* The rchabititation plan should not lead to excessive investments even if the expansion plan is not
implemented, and should be consistent with the objectives of the Study if the expansion plan is

~ implemented. | '
* Existing pipelines should be utilized
* Stoppage period of pum_ps due 10 construction work should be minimized as far as possibie.

2,21 'Pum‘p Studie__sf:onsldering Expansion

:(1}  Plan considering e’xpa_ﬁsion

~©* Fhe part 1 Study concentrates mainly on rehabilitation, but the facilities planncd for rcha_bili!aﬁon

should also be consistent with the expansion scheduled in the near future so that unnecessary
investments are avoided. Thercfore, this aspect will be investigated here.

As described laler, for the expansion plan (toi increase the capacity of the pumpmg stations) four
 alternatives listed below can be considered using the existing pipelines even during the expansion
- slage. (The ficld survey confirmed that the existing pipeline can be used except for a partial
section.) :

Alternative A: Replace the four existing pumps with four new pumps (58.0 m*/min., three duly
: pumps and one standby pump) - :
Alternative B: chlace the four existing pumps with four new pumps (43. 0 m¥min., procunng
the required number of standby pumps separalely)
Alternative C: Replace the four existing pymps thh five new pumps (43 0 m/min;, Four duly



pumps and ong standby pump)
Altemative Ix Add four new pumps of the same ¢apacity (25.0 m*/min.) as the existing pumps.

(2} Comparison of Altenmlivcé
Table 1 shows the comparison of the Alternatives.

Table 1 Comparison of Alternative for Expaunsion

Altcrnative

A

B

C

D

Salient feature

! Duty
[I Stand-by

The existing four
puinips (4 duiy andno
stand-by pumip) in
each pum'ping station
in No.1 to No.4 are
replaced with the pew
four pumps (3 duty -
and 1 stand-by).

The exisling four
pumps (no stand-by
pump) in each
pumping station in
No.l to No.4 are
seplaced with the new
four i)umps {4 duly).
In addition, one
stand-by pumyp are
procured and storedin
stoTage.

AThe existing four

pumps {no stand-by
pump) in each
pumping station in
No.l to Nod are
replaced with the new
five pumps {4 duty
and 1 stand-by).

Four new pumps
with the same
capacity as the
existing pumps are
added,

I1}1

il

Pump specification

Diameter (mm) | § 550X ¢ 450 g 450X ¢ 300 $ 450X ¢ 300 | ¢ 350X ¢ 250
Discharge 580 43.5 435 25.0 '
(m3/min.} - : : . : T
Total head () | 300~ 314 300~314 300~314 300~314
Namber 4 (including | 4% 3 (irictuding 1 8 (including 1
: stand-by) ' stand-by) stand-by) * _
‘Suction velocity | 4.07 4,56 4.56 4.33
(m/s)
Other works .
Existing 4 pump - |Remove Remove Remove Utilize
Gxisting hoader®  |Replace (existing  |Utilize Utilize Ulilize
pipe  |diameteris § 450) o _ _
Pump house No necessary No necessary |Necessary for T purip| Necessary for 4
expansion ' pumps .
© Others Suction velocily is |-~ - No space for pump
{00 large, 6.08 m/s house cxpansion
when ¢xisting header
. pipe is used .
Cost Second largest Smallest Second smallest l.argg._sf
Technical Aspact : _ O
Selected alternalive o

- * In addition, one pump is procuced for stand-by.




(3) Selection of Altcmatnc _

~ Alternative B is selected because of the fo)iowmg reasons: _ _

For Alternative A, the pump diameter becomes very large necessitating the complete replacement
of header pipes on the suction and chscharge sides. This requires water supply stoppage for
prolonged periods, thérefore this Alternative is not acceptable.  Moreover the header and suction
pumps caiinot be accommodated in the existing pump house.

Alternative D requires the same space as the space of l'he'i existing pumping station and this
additional space is not available ii the existing pumping station, The cost for this Alternative is
higher than the cost for Alternatives B and C.

Comparing Alternatives B and C, the duty pump "capacitics for both Alternatives are the same.
‘Considering maintenance aspects, C is superior to B because a standby pump is permanently
available. However, in the existing facilily, a system similar to B is being implemented,
therefore no additional problems are expected if B is selected. Considering cost, C requires
expansion of pump house, and an additional set of distribution pipelines and valves,  Alternative
B salisfies the various ¢onditions of this Study, and is the most economical, therefore Alternative
B is selected.

For the expansion stage, four existing pumps of dia. 350 x dia. 250 x 21.4 m¥min. x 286 m x
1,850 HP each will be replaced by four pumps of dia. 450 x dia. 300 x 43.5 m*/min. x 300 - 314
m x 3200 - 3500 kW each, and the required number of standby pumps will be procured and
stored.

2.2.'2 Pumps for Rehabilitation

" Rehabilitation works are studied within the scope of the expansion work.
(1) Altemative plans
The two Altematives listed below are considered.
Alternative B-1:  Replace the exisling two pumps with pumps of increased- ¢apacity.
Procure one spate pump for cach p’u'mpi'ng- station.
Alternative B-2: - Replace one existing pumyp with a pump of increased capacity. ~ Procure
‘two pumps for standby operations to be shared among four pumping
slations.

(2) Cbmparison of Altematives _
- Table 2 shows the comparison of the (wo Altematives. .



Table 2 Comparison -of Alternative for Rehabilitation

Alteinative

-1

B-2

Saliént Feature

Bxisting pump (21.95m¥min.)

E New punip (43.5mmin.}
Bolded pumps are for stand-by

|

7] Bxisting pump (21.95m¥min.)
H New pump  (43.5m’min.)

I. Capacily

slation

Normal period Normal period
Two new pumps Three exisling pumps + One néw pump
43.5m¥min. x 2 sets = §7.0 m”/min. 18x 3 sets +43.5x 1 scl =97.5m/min.
_ {100%] (112%)
Repair period Repair pertod
Two existing pumps + One new pump Three existing pumps
18 x 2 set +43.5 x 1 set =79.5 mYmin. 18mmin. x 3 sel = 54.0 oi¥/min.
- S 191.4%) _ [62.1%])
2. Stand-by One stand-by pump is installed in cach pumping|Two stand-by pumps are procuredand stoced for

[our pumping stations,

3. Scope of work

New pump (43.5 m*min.) 2 sefs per pumping
station X four pumping stations = 8 new pumps

[New motor 2 sets x 4 pumping stations

New pump (43.5 m*min.) 1 set per pumping
station x four purmping stations = 4 ncw pumps
New pump (43.5 m¥min.) 2 sels procured for
four pumping stations

New motor | set x 4 pumping siations

. Cost

|Large

Small

. Technical
Aspect

©

. Selected
© Altemative

(3) Selection of Alternative

Altemative B-2 was selecled beeause of the reasons below.

“From the technical aspecls, such as pump mainlenance, Alternative B-1is preferable to Alternative

B-2 because there is a permanent standby pu_me However, B-2 is selected so that initial

investment can be reduced. During repairs, the pumps will be stopped for a shorl period so that -

the procured standby pump can be replaced.

Accordingly, in the rehabilitation stage, Jooking at the intake side 'of all the puips, one pump at-

the farthest end will be _réplaced and the other three pumps utilized. “the total capacity after

rehabilitation will be 97.5 m*/min. through one new pump of dia. 450 x dia. 300 x 43.5 m*/min.
X 300 - 314 m x 3200 - 3500 kW, and three existing pumps of dia. 350 x dia. 250 x 21.95
m*/min. x 286 m x 1850 HP. There is no need to install a pérmanent standby pump. Two pumps
- will be procuréd as standby pumps'and shared among four pumping stations. For utilizing the

7




four discarded pumps, WAJ should study locations in Jordan whcfe these pumps 'can:be
effectively utilized. '

2.2.3 Main Pump Motor and its Starting Method

Shortening the water stoppage period as far as possiblé, dur"ing' the rehabititation work of the
pumiping slation is a very important factor thal needs to be considered. In addition to
considerations of c_fﬁbiency and safety during operation, thete should be 1io signjiﬁcant chahgcs lo
header pipes in and around the existing pump house, and the constriiction period should be
shortened to the maximum extent possible. In view of the above points, the starting method of
the squitcel-cage rotor typc induction motor, which has the same starting method as that of the
existing pump motor, should be changed to the reactor starting method for this Project.

(1) Sclection of motor
Based on the results of comparison shown in the table below, the squirrel cage rotor type

induction motor, which is the same as the existing motor, is selected.

Table 3 Comparison of Induction Motor

."(T);pc _ Characiéristic on opération . |Space for installation
Squirrel-cage rotor Ge_nerally, staiting currentis large.] - Can be installed on the same arrangement with the
type But, it can be supptessed by ‘existing motor location.

starting equipment. + Dimension of motor foundation rauist be expanded, -

Wound rotor iype Can be started without excessive | + Dimension is larger than the squitrel-cage rotor type

starling current. « Cannot be installed on the existing motor location.
+ Starting register nceds cxpanston of pump house to

install it,

. (2) Setection of sl?;riing method
Since the motor used for this Project is a large motor of the 3000-kW class, the starting current -
needs 1o be suppressed.  From the results of comparisen of various starting methods shown in
“Fable 4, the reactor stating method is selected.



Table 4 Comparison of Starting Mothod for Induc!lon Motor

Starting Method  [Characteristics
Direct (Line) * On starling time, the cwrent is as farpe as about 8~ iD times of normal operau\econdlllon
starting flows to motor. This stariing current on the induction motot of large capacity gives large

shock to power transmission system. Therefore, this starting method cannot be cecommended
to this Project. :

" IStar-Delta staiting

+ This method is not apptied to H, T motor because its terminal structure is complex.

{Generally, this method is app!tcd to L.T. motor of capacity less than 100 KW.)

Reactor starting

* Starting cutrent can be suppressed to ~ about 5~7 times of current on noimal opesative
“¢ondition . _ 7
* Starting reactor can be installed in the existing pump house.

Kondifee-system
starfing

- Starling current can be suppressed to about 4~ 5 times of current on normat operative

condition .

- Dimension of sarting system is large, therefore it cannot be instafled in the existing pump

house.

2.2.4 Main Transformer for Power Receiving

By using the reactor starting method for the pump motor, the starting current can be suppressed (o

1.5 times the starting carrent in the existing pump miotor. To suppress the drop in voltage due to

this starting current within a suitable range (less than 8 to 10% of the rated voltage approximatcly)

and to start the motor correctly, each pump house requires the main transformer to have a capacily

of approxiinately 16 MVA in the rehabilitation stage and a capacity of approximately 20 MVA in |

the expansion stage. Accordingly, transformers with a rated capacity of 10 MVA should be added

to each pumping station, ‘and this transformer should be run in parallel with the cxlstmg

transformer (o balance thc current flow,

(1) Necessary Capacity of Transformer

Table S Necessary Capacity (MVA) of Transformer

Stage NOAPS | NO2ZPS | NO3PS | NO4APS
Existing {For refer-eno») 10 10 10 10
On Rehabilitation :
* In case to operate one (1) new moter : 14 14 14 14
+ In case Lo operate oné (1) new motor and three 16 16 16 . 16

(3) existing motor :
On Expansion  (For reference}, 20 20 20 20

{Note) These capacity is calcutated with fellowing conditions ;

1) Starting method of motor ; Reactor starting (655 tap)

2) Power factor of motor in niormal operative condition ; 95% of lag

. 3) Percent impedance (%Z) of transformer ; 7.3%



(2)  Comparison of installation plans for niain transformer .
Based on the required transformer capacity above, the throe plans described below may be
considered for installing transformers in the tehab_ilitalioﬁ s‘té‘gc. These plans are propesed after
considering the follbwing items: |
* The required transformer capacity is 16 MVA,
* When installing additional transformer to supplement the madequacy of existing 10 MVA
transformer and running the tmnsformcm in paratlel, a transformer of 10 MVA (the same
capacily as the exisling transformers) should bé used and lhc current flow should be
balanced. _ '
* If an existing transformer is replaced with a new tansformer, the required capacity of the
new transforimer is lG_MVA or greater.  Therefore, transformer with a standard rating of 20
MVA should be installed.

Based on the results of comparison shown in Table 6, Alternative E is recommended (paraliel
operation of existing 10 MVA transformer and new 10 MVA transformer). A 20 MVA
transformer is difficult to transport up the steep slope to the pumping station and requires heavy
- construction machinery to insfall it in the station. Tn the expansion stage, cach pumping station
requires a transformer of 20 MVA capacity, bul since the total capacily of the transformers in the
rehabilitation stage is 20 MVA, these teansformers can be used in the expansion stage also without
the need for replacement or addition.

There is also a plan for mcrcasmg the required capacily during rehabilitation by 6 MVA, and
_increasing the capacity by an additional 4 MVA during the expansion stage. However, this plan
involves an overall increase in cost amounting to 60% compared to the initial cost for the 10 MVA
installation and is uncconomicat. The capacity of the transformers should be increased to 20 MVA
- at the rehabilitation stage. '

‘Exisling equipment are to be operated while carrying out rehabilitation work such as adding high

voltage transformers and changing the pump slasting methods. Since new electrical panels cannot
be accommodated in the existing electric room, the store adjacent to the existing electric room
:shon!d be modlﬁf:d and used as an additional electric room accomniodating the new electric
pancls,

0



Fable 6 Transformer Alternative

effectively.

* Weightof a 10 MVA
teansformer on transportation
is about 24 tons, For the 10
MVA transformer and
construction machine, there is
possibility to be transported on
steep slope road atound of -
pump sfalion,

Altemative _ B _ . G
- {Saticnt No.l ~4PS |No.t and 2 PS No.l ~ 4PS
Feature . -——@ ' ' _'@
10MVA 10MVA
T - P 7 __@
Existing @ Existing 20MVA
j _ _ . 2 |
10MVA ® | 10MVA : &
New @ Exisling 4 ‘New — @
{(removed)
No3 and 4 PS
20MVA- ©
New
Spécification | 10 MVA transformers are adid JFor No.1 and No.2 pump Existing transformers of cach
to each of stations, 10 MVA transformers |[pump station are replaced with
No.1 ~4 pump station to run Jace removed from No.3 andNo.4[new 20 MVA transformers.
under parallel connection with  [pump stations.
existing transformers For No.3 and No.4 pump
stations, new 20 MVA
transformers  are installed. _
Comment - Existing transformers are used| * Existing transformers are used] - Existing transformer should be

effectively.

- Weight of 2 20 MVA
transformer on teansportation
is about 32 tons.

For the 20 MVA transfomner
and construction machine, :
there is difficult to be

transported on steep slope road
around of pump station. !

utilized o other sites.

- Weight of 2 20 MVA
transformer on transportation
is about 32 tons, For the 20
MVA wansformerand = .
construction machine, then, is
difficult to be lramportcd on
steep slope road arou nd of !
pump station.

(Note) © ; New pump motor

‘O ; Bxisting pump motor

2.2.5 Control and Telemetry Equipment

EXiSlll‘lg equipment mamly consist of electronic components, More than 10 years have clapsed
since their manufacture iny the first half of the eightics. Procurement of spare parts in the future
is likely to be difficult. However, the existing equipment can be used during the rehabilitation
stage on the prerequisite that they will be improved in the ncar future during the expansion

stage.

In conclusion, the existing control systems (same operating methods as the current operating
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methods) should b used during the rehabilitation émge; and replace with centrally monitored
and control systems during lhc'cx’panfsibn’ stage. 'Duriné the cxpahsion stage, all pumping
stations should be automiatically operated according to the level of waer in the reservoirs, and
the existing control system (cdn&oliing the number of pumps according to level of water in the
resSCrvoir) shonld be retained in the pumping stations. However, to reduce the frequency of
starting the pumps', discharge contiol by discharge valves should be incorporated.
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2.2 Baslc Concept of the Pr_oject_- ('Part 2 Expansion Portlon)

~As described below, it has been cbtlﬁrllied that usable waler sources are available and demand
' for conveyedAireated water quantily will be generated in the Amman city area.

2.2.1 Ensuring Water Sources

The quantity of water used in the Zai system by WAJ before the Peace Treaty was 35.6 miltion
mY year, as shown in ‘Table 7. Howev er, this quanhly increased to 78.6 million ¥/ year (short
termin ‘Table 7) after the Peace Treaty was signed, and is being supplied since 1995. When the
construction of the Adasiya dam on the Yarmouk river is completed (scheduled for completion
arourd the year 2000), the surplus water in winter wilt be available for use in summer, and the
' usable water quantity will increase to 110.6 million m/ year (long term in Table 7).

The usable water quantily mentioned above is not constant throughout the year but varies
depending on the season, The short term breakdown is 34.6 million m* in summer (154 days)
and 44 million im® in winter (211 days). I these quantities arc converted to gvantities per day
used for deciding the scale of water facilities, the figures become 225 thousand m® in summer
and 209 thousand m’ in winter. When the Adasiya dam is constructed (long term plan), the
quantities will become 42.6 nullion m? in sumimer (154 days) and 68.0 million m* in winter
(211 days). However, if the quantity of the Mukheiba well that supplics water to Irbid city is
excluded, the figure becomes 90 million m/ year, which works out to 221 thousand m’ per day
in summer and 265 thousand m’* per day in winter,

* Pipelines from Tiberias lake (Deganya gate) in Isracl to the KAC canal have already been laid. ¢
during the shori term plan, and water is being conveyed through these pipelines since March'
1996. With this progress, the capacity after the Peace Trealy has increased to 78.6 million
nY/year from 35.6 million m’/year before the Peace Treaty. The stoppages in the Zai systein
because of shortage of intake water have been climinated.
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Table 7 Usable water quantity in the Zal system

(Units; millio_‘r_l ')

Water source Effective waler quantity at tho Adasiya pomt - Water Sources | WAJs
in_the Yarmouk river for. WAJ o
Jordan From | From J Usable
Term Year Total | Isracl [Sub-totall JVA § WAJ | Muhei§d Other 2) fQuantity]
L ' L Well
Annoal | 232.7] 107.2] 125.5] t0s] 150l 206 -§7356
Past | Upto 1994 |Summed 60.1| 197|404 150 s M Y
“Winter | 172.6| 875 |  85.1 1 20 20 1 240
Annual 183 25 158 110 48] 206 ol 8.6
Short | From 1995 [Summer]  s9| 12| 47| -0 sl 56 T 46
term 7 (26" . :
Winter | 124 13] 1 . 42 12| o] 440
. 8y] o A e n
IAfer Ansual 215 25 190 110 g0 206| 0] 1106
complétion - _ ' - R
Long [of Adasiya Surinter 67 12 55 - 34 8.6 - 42.6
term Hiversion '
Kani(estimated | Winter 143 i3 132 . 46 12 10 63.0
in 2000)

Summer: From May 15 to October 15 (154 days 5 months)

Winter:

For short term and long term walter sources, the references for “Dry Years” are used, bul the for water -

From October 16 to May 14 (211 days - 7 months)

quantities in the past, the average valucs for the years from 1981 10 1994 (excluding 1992) are used.
1y 26 =20 {retun ﬂow) + 6
2} Desatinated water or water from Deganya gate ('libcnas L.ake)

The objectives of the long term plan are to construct a dam or a weir at the Adasiya point in the
Yarmouk river, and make effective use of the surplus water in winter. The design of the intake
weir was scheduled for completion in June 1996, but it has been delayed. Assuming that the
de;sigr'y is completed by the end of 1996 and construction work starts in 1997, the dam will be
completed in 2000. Upon completion, the intake water rale will reach 110.6 million m'/year.
* However, 20.6 million m'/ycar will be diverted to Irbid, the third largest city in Jordan, which
faces a similar severe water shortage, and 90 million m*/year will be reserved for Amnian.
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2.2.2 Water Demand

The curcent water demand for Amman city, which has several ongoing projects, is estimated as
~shown in Table 8.

Table § Water demand for Amman and supplied required
from the Zai system (annual average)
' {Units: million m'/year)

T Water demand for Amman -

~Year| 1991 1995 | 1997 | 2000 2605 | 2010
Water from source other than| 80.2 80.2 80.2 80.2 0.2 80.2
Zai system . _ . :
Estimated demand (source 1) ~{ : 143.5 163.2 1829
Estimated demand (source 2) 110.8 128.3 154.0 1846 221.2
Estimated demand (source 3) 110.7 120.0 134.0 157.3 180.7
Water required from Zai system - (48.0) 63.3 83.0 102.7
(source 1) . _
Water required from Zai sys(em 30.2 48.1 (63.0) 13.8 104.2 141.0
(source2) - : . '
Water required from Zai system 30.5 . 39.8 53.8 7711 - 1005
(source 3)

Source | Water Convéyancc System from Adasiya to Deir Alla-Zai, April 1996

Source 1 .  Water Resources 6f Jordan: Past Status and Future Potential by Elias Salcindi et at, 1993

Source2 ! Jordan River Basin Managament Study, Doc, 1993 by the Regional Office for Integrated
Development(ROID, Munther Haddading - :

Source 3 ¢ Disi-Mudawwaia to Amman Water Conveyance System, Final Conceptial Study Report by Harza
Group ¢t al, 1995 '

K the lowcsl demand (source 3) is adopted from the three types of demand prcd:chons in thc '
table above, the water supply from the Zai system in 1997 should be 39.8 million m’;’ycar for a
satisfactory situation. This figure for water supply is almost the same as the supply quantity
from (he Zai system in 1996 (approximately 39 million m/year). However, during the site
survey from June to the first half of Tuly in 1996, WAJ had rationed the water supply two days
aweek as is done every year. Therefore; the demand prediction according to source 3 i is very
much on the lower side.

The water demand is high in summer and low in winter, but the table above gives lhc averagc
annual figure. The summer demand in Jordan is difficult to predict because the water supply is
constantly being rationed. Eiowcvcr, in case of Japan, the sumuner demand is taken as 20 to
30% in excess of the average water demand. During a study in 1995 of Zarqa cily, adjaceat to
~ Amman and the second largest city in Jordan, the demand in summer increased to 20% above
- the average demand (source: Improvement of the Water Supply for Zarga, July 1996, JICA).
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If the excess demand in summer is taken as 20%, the fequited water supply from the Zai
system in summer, excluding the figure from source 3, whichi is the smallest, is as shown in
Table 9, and is estimated to be 253 to 288 thousand nv/day in the year 2000.

Table 9 Required Water Supply From Zai System for Satisfying Demand in
Amman (suminer) _
‘ (Units: thousand m/day)

. Ycat 1991 1995 1997 '}- 2000 | 2005 2019
Reqmred water supply from Zai 253 318 81
systein (source 1) - 3 I
Required watér supply from Zai 145 203 : 288 386 507
|system (source 2)
¥ 253

= {Anmual average-demand x 1.2) - (water from source other than _Zai system)
= {143.5 (from Tablc 8) /365 x 1.2 - 80.2 {from Table 9)/365} x 1000

The water demand given above if expressed in demand per person is approximately 100 to 150
liters, and is only about ong third the demand per person ixj Japan. Furthermbre, the estimate
for water sources other than the Zai system is not Jikely to change in the future. Allhc;ugh the
demand per person is small, there is a limit on the water sources other than the Zai system and
on the water sources in Jordan for Satisl‘ying this demand, therefore excessive use of ground
water continues. The ground waler level is decreasing year after year, and the quality is
deteriorating (Fig. shows the change in water level of the ground water Tevel at Azrag, 100 km
- eastof Amiman. Since the demand in the rainy season from November to April decreases, the
_ pumped—up waler quantity also dccreases, therefore the waler level is restored lemporanly) if

o ~ exoessive waler is pumped up this way, (here is a poss1h1hty that the existing water sources will

; dry up. ‘The quantity of e¢xcess water pumped up currently is 40 million n¥, which is
approximately haif the annual water figure of 80 million n.
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2.2.3 Designh Fiow Rate of Facilities

Compared to the demand of 253 to '288_lhousénd m'/day. generated in summer {year 2600), the |
usable quantity from watet sources (long term) in the Zai system is 221 thousand m*/day in-
summer.  Theiefore, the design flow rate of facilities should be 221 thousand m3/day. On the
other hand, 265 thousand mYday of water (long term) can be used in the Zai system in winter,
but the demand is less than the usable quaniity, therefore a part of the usable quantity will not
be used in winter.

The design ﬂowira_te is decided based on this concept for the Project. Thie design flow rate is set
at 250 thousand m'/day (90 million m'/year), which is twice the rate of the existing facilities
considering that the existing facilities will be used cffectively and expansion carried out
progressively.

2.2.4 Expansion Plan

(1) Treatment plants

CTtis physically possible to modify existing treatment plants and increase their capacities, but this
will lead to prolonged water supply stoppages in future and will have adverse effects on the
residents of Amman, and is therefore impractical. In principle, the number of treatment plants
similar to existing plants, should be increased. However, as described later, a part of the
facilities such as raw wafer regulating basins and clean water reservoirs that can be shared, -
should not be increased, '

(2) Conveyance pipelines e_md CONVEYAtCce pumps
.. The plans for conveyance pipelines in response lo the doubling of flow rate (design flow rate)

. ! include the method of installing addilional-cOnvcyancc pipclines (Alternative H), and the

- méthod of ulilizing existing conveyance pipelines without laying additional pipelines
- (Alternative ). With the doubling of the flow rate, the power consumption for pumps will
increase in Alternative I, while the cost for laying additional conveyance pipelines can be
cconomized. In this case, the head of the pump to be installed édditionally will be the actual
head of existing pump (difference in altitudes of the pumping stations) plus the friction losses.
(duc to doubling of flow rate). The increase in héad for this case is shown'in Table 10.
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‘Table i{) Ilead When Using Existing Conveyance Pipclines
and Doubling The Flow Rate

_ _ . 45 million nv'/year 90 million n’/ycar Increase in head
No. 1 conveyance pump 286m 300m 4%
No. 2 conveyance pnmp 286m 300m 4%
No. 3 conveyance pump 286m 308m 6%
No. 4 conveyance pump 286m 3tdm 9%
Transmission pump 198m 257m 30%

" As seen in the table above, the percentage increase in head for pump stations No. 1 to No. 4 is
comparatively small at 4 t09%. This shows that the head in most cases is only the actual head
and friction loss is negligible. If the percentage increase in head is as small as the figures
indicate, there is a high possibility that the conveyance pipelines of existing facilities can
withstand the increased flow rate. As explained later, detailed studies were carried out on the
ability of conveyance 'pipélines' to withstand pressure. The results of the studied showed: that
excluding a part of the pipelines, the existing pipelines can withstand the increased pressure due
to the doubling of the flow rate.

While construction costs are incurred and operating and maintenance costs economized for
Alternative H, the construction costs can be cconomized and operating'and maintenance costs
are incurred for Alternative 1. To determine the Altemmative that is most beneficial, the “net
present value" of both alternatives were calculated. The results of the studies showed (hat
Alternalive I was more beneficial, and thus this alternative was selected {Refer 1o Reference 3).
That is, exisling conveyance pipelines will be utilized in the expansion stage.’ ‘ o
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2.3 Baslc Design

2.3.1 Design Concept

(1) Design concept considering natural conditions

1) Temperature _ _

The four-month period from June to September in Jordan is dry and the temperature is high.
Direct sunﬁght is not conducive to the placing of concrete. The months from October to May is
suitable for the placing of concrete. If concreté is placed during the swmmer Season, it should
preferably be done in the evening and night time. A large quantity of water should be dﬂpersed
for the concrete (o harden in order to prevent evaporation due to the dry almosphere and high
temperatures, if concrete is placed in the day time in the presence of direcl':sﬁnlight.

2) Rainfall

Rainfall is maximum in the period from Janyary to March, and the maximunt rainfall is about
90 mm. Snow also falls two to three times in the vicinity of the Zai treatment plant. Work may’
have to be stopped because of these snows,

3) Wind

Assembly of feinforcing bars and form works should be avoided in strong winds. Strong and
adequate supports are nceded for reinforcing bars and formworks (o be assembled. In general,
winds will not affect the progress of the construction work.

j 4) Topography and geology :
lhc cxlstmg pumping stations are located on sleep gradlems and careful consnderal:ons are
“ncoessary when carrying heavy objecls such as transformers and pumps to the stations.

~ . Roads from Deir Alla to the Zai treatment plant through vanous pumping stations are pavcd but

 the roads have steep slopes in places.

The foundation ground of pumping slations and treatment plants consists of sandstonc. The
‘pumping stations are constructed on cut out rock beds, The sandstone foundation of treatment
plants (for expansion facilities) is considered to reach to 6 to 7 m, but if it does not reachup to
the foundation substrate of settling basins and filter basins, the said part needs to be replaced
with lean-mix concrete, and the construction of the seltling basin needs to be changed from the
retaining wall construction to rigid frame construction.

5) Faﬁhquakes

Seismic loads should be considered in the design loads of strictures becausc Jordan
experiences earthquakes. '
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{2) Design concept considering social conditions
The main teligion in Jordan is Islam, therefore the implementation. plans should consider
religious aspects, such as Ramadan.

Since there are no residential areas in the vicinity of the pumping stations, there are no water
supply and sewage facilities. Generators, water supply tanks, and purification tanks necd to be
provided at the construction sites.

(3) Desigin concept consndermg spectal circumstances refaled to construction and the

construction mdustry

Many types of construction machinery can be procured within the country. Automation is

common and the level of construction is comparatively high. Most construction machinery can -
be purchased locally.

Surplus soil can be used from the soil disposal site at Zarqa (approx. 30 km) east of Amman.

Most of the equipment and machinery required for consteuction are locally a\_railable in Jordan.
Value added tax (VAT) is applicable o construction equipment and machinery in Jordan, bul
VAT is exempted for projects receiving foreign aid (borne by the implementing organization).

(4) Design concept considering utilizalion of local contractors (construction companies and
consultants) and local machinery and equipment

Tfainled local contraclors are available in civil, mechanical, electrical, architectural fields and can
be utilized as sub-contractors for the work ¢nabling the project cost to be reduced.

(5) Design concept considering operation and - management ability of implementing
organizations

WAJ has built up its experience with the Zai system over a long period, and the cxpansxon
facilities for this Project are similar to those in the existing system, therefore WAJ is considered
to have operating and maintenance skills that are adequate for the expansion facilities. On the
other hand, the balance of current account for WAJ s'hows a deficit, If such deficit situation will
continue, opcratlon and maintcnance of the facilities improved might become weak. In order to
avoid such situation, WAJ should take mltlalwcs for achlcvmg better financial balance by tariff
modification, decreasing unaccounted- for-water efc.

(6) Design concept considering the establishment of grades and scope of facilities, equipment
- and machinery

WAJ's level of technology for operations and managcmcnt for exisling facilitics is adequate.
' Thereforc, the grade for facilities during expansion is kept the same as the grade for existing
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facilities.
(7) Design concept considering implementation period

1) The schedule for implementation is given below for completing the rehabilitation work
by the end of fiscal year 1997.

‘October 1996 Approval by the Japancse government

November 1996 Exchange of notes, contracts with consultants

November 1996 Implcment'ation design .
March 1997 Tenders, evaluation, selection of contractors, signing contracls

April '97 - March'98  Procurement and installation of equipment

2) The expansion plan is divided into two parls - expansion of treatment plants and
expansion of pumping stations. The schedule for the slages is given below,

Treatment plaits

May 1998 Approval by the Japanese government

June 1998 Exchange of notes, contracts with consultants

August, '98 to Jan. '99  Implementation design

February 1999 Tenders, evaluation, selection of contractors, signing contracts
- March '99 to Nov. 2001  Construction period

- Pumping stalions

First Stage . _ .
| August 1998 : -Approval by the Japanese government
- September 1998 - Exchange of notes, contracts with consultants

- Nov. '98 to Feb. '99 Implementation design

March 1999 Tenders, evaluation, selection of contractors, signing contracts
April '99 10 Mar, 2000 Construction period

Second Stage 1
‘May 2000 - Approval by the Japanese government

June2000 . Exchange of noles, contracts with consultants
July 2000 to Dec. 2000 Implementation design _
Jan.. 2001 Tenders, evaluation, selection of contractors, signing contracis

Feb. 2001 to Iec. 2001 © Construction period
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2.3.2 Basic Plan {Part 1 Rehabilitation Portion)

(1) Overall Plan

Out of the various facilities in the Zai sys(cm, each one pump and its motor are replaced in the

Nos. 1, 2, 3 aind 4 pumping stations (PS). Also each 10 MVA transformers are instalied in the

" four PS. As aresult, 45 MCM/ycar water can be conveyed to the Zai water treatment plant.

(2) Procurement Design .

“The scope of rehabilitation works are shown in Table 11.

1. Pump

Table 11 Coiitents of Rehabilitation Works

Bquipment or Ttem

Exisling

- Equipment

| Rehabilitated

Equipment

Reason of Rehabilitation

Number

One purop out of
the four pumps is
removed

One new pump is
installed

Three existing pumps is kept.

Stand-by pump

Twe slandlby pumps are procured and stored for

Pipes and Valves

None None
four pumping stations.
: §pecilication of Pump _ _
Diameter {mm) $ 350X ¢ 250 § 450X ¢ 300. | Sizeincrease due to discharge amount increase
Discharge amount | 21.95m3/min. 43.5m3/min.
per one pump
Total Head (No. | | 286m 300m Friction loss increase due to discharge amount
and No.2 PS) increasc
Total Head (No. 3 | 286m 308m ditto
psy .
Total Head (No. 4 | 286m 314m ditto
PS) ' ' ' . :
Speed of Rotation | 2980 rpm 1490 rpm It is reduced to mitigate pump abrasion resulted
- from silt - ]
Twpelter Material | Stainless cast stecl | Stainless cast steel
(scsy) (scs1)
Body Material Cast Steel (SC46) | Cast Steel (SC46) | Stainless Steel is used in casing ring
Shaft Seal Gland Packing Gland Packing Cover is mounted ]
Bearing Cooling | Oil Pan + Cooling| Oil Pan + Cooling
R Water Water '

- Accessory .
Suction Pressure | For Existing For Existing Pump] The out-of-order existing gauges are replaced
Gauge Pumps with diaphragm (ype to mitigate damage due lo
Number 12 12 silt
Type Bourdon-tube Diaphragm
Delivery Pressure { For Existing - For Existing Pumypy ditto
Gauge Pumps
Numbet i2 i2
Type Bourdon-tube Diaphragm

1 tot '

23



2. Motor

Rehabilitated

Reason of Rehabititation

Equipment or Item ] Bxisting
i . Liquipment Lquipment .
Nuinber and Stand-] One motor is One motor is 1 sct/ PS x 4 PS =4 motors’
by removed installed
- Specification
Type Horizontal-shaft Horizontal shaft | Tho existing type is easy to maintain and well
squirrel-cage 3- squirrel-cage 3- managed.
phase induction phase induction
motor motor )
Protection and Open-type Drip- Open-lype Drip- The existing type is easy to maintain and well
Cooling proof Forced Air | proof Forced Air | managed.
: Cooling Cooling :
Pole Number 2P 4P Due to Decrease of Pump Rotation
Voltage and 6600v, SOHz. 6600v, 50Hz '
Frequency S S e : SO
Qutpul Power 1850HP {eachin | 3200KW Due to total Head Increase
the four PS) (No.1, No:2 PS)
' 3300KW(No.3 PS)
= 3500KW(No.4 PS) . _
Starting Mecthod Line-start Reactor Stari To reduce starl current _
3. 33 KV Power Recelving Facilities _
Equipment Existing Rchabilitated Reason of Rehabilitation
' Equipment Equipmént _ E
Disconnecting Qutdoor type, Qutdoor type, For the new transformer
Switch . Manual operation, | Manuat operaliori,
6KV, 800A 36KV, 800A
Circuit Breaker 0C8, Outdoor 0OCB, Qutdoor ditto
type, -] typa,
6KV, 600A, | 36KV, 600A,

: 25KA 25KA
Lightening arrester { Quidoor type, Gatdoor type, ditto . .
Transformer Qil-immersed Qil-immetsed Buc (o increase of starting curcent resuited from

ocutdoor “outdoor increase of amotor {from 21.95 16 43.5 m3/min.)
type, 33/6.6KV, | type, 33/6.6KV, :

. IOMVA, 3 ¢ 10MVA,3 ¢ .
Protection-relay Meta! enclosed Metal enclosed type| Control and protection for new circuit breaker,
panel type of self- of self-standing transformer ete.

standing '

__Wire, Cable
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. 4. ILT, (High Tension) and LT, (Low Ténsion) Facilities

‘Reason of Rehabilitation

{including statting
reactor)

of self-standing
{including Line
Start)

of self-standing
{including stariing
reactor) '

Bquipment Exisling Rehabilitated

- Equipment Equipmcnl e »
H.T. power Metat enclosedtype] Metatenclosed(ype] For receiving clectricity from new transformer
receiving panel of sé.lf-s(anding of self-standing ‘
H.T. motor pane! | Metalenclosedtype] Metalenclosedtype] Due to increase of motor output

For parallel operation of two transformers

Bus-linkage panel | — Metal enclosed lyps
' o _ of self-standing L
Station service | Metalenclosedtype| Metalenclosediype] Due to increase of power supply to auxiliary
transformer panél | of sell’-stand'ing | of self-standing ‘equipmént _
1..T. power panel | Metal enclosed Mectalenclosedtype] Due to increase of auxiliaty equipment
. hinged Llype of sell-standing o
Compressor panel | Metal enclosed Metal enclosed For operation of new compreéssor
hinged lype hinged type _
Modification for —
existing facilities
Wire, Cable
5. Delivery Valve _
Bquipinent or Item | Existing Rehabilitated Reason of Rehabilitation
Equipment Equipment _
Diamcter ¢ 300 ¢ 450 Due to change of Motor Diameter
Type Ball Valve Ball Valve 3 _
Drive Mechanism | Qif Hydraulic Motor-operated Existing Oil Uait is not adequate for increased
. " | number of valves. Motor-operation is easicr.
Pressure Class ANSII) ANSI30) Same as the existing flange specification

Number

Cne out of four
valve is removed

One valve is
installed

6. Delivery-side Joint

Rchabilitated

Rcaéon of Rehabilitation

removed,

Equipment or ltem] Bxisting
. quipment Equipment -
Diameter $ 300 $ 450 Due to change of Pump Diameter
Material Steel Pipe Steel Pipe Same as the existing
Pressure Class ANSI300 ANSI300 Same as the existing flange specification
Number One out of four is | Oneis installed
removed.
7. Pipes o
Equipment or ltem | Existing Rehabilitated Reason of Rehabilitation
: Equipment Equipment
Diameter ¢ 300 $ 450 Due to change of Pump Diameter
Malerial - Steel Pipe Steel Pipe Same as the exisling
Pressure Class ANSI300 ANSI300 Samne as the existing flange specification
Number One out of fouris | Oné is instalied
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8, Compressor

Rehabititated

phase

phase

Equipment or ltem | Existing Reason of Rehabilitation
' Equipment Equipment
Type Reciprocating 3- - | Reciprocating 3-

Discharge Pressure

42.2 Kg/em?2

45.0 Kg/cm2

Adequate for expansion

Piston Voleme

1.52 m3/min.

1.40 m3/min.

ditto

Number

Removal of § sets
(=2/1 PS x 4 PS)

Instaliation of 8
sets (=2/11 PS x 4
PS) '

Existing equipment neads frequent repair.

9, Ventilation Suction Gallery

Rehabititated

(= 16/1 PS x 4PS)

sets (= 16/1 PS x4
PS)

Equipment or Hem | Existing Reason of Rehabilitation
. Bquipmént Equipment o
Opcration Method | Moter-driven Manually-operated | Always open for easé of maintenance.
— Shutter Shutter
Number Removal of 64 sets| Installation of 64

(3) Prawings
Fig. 2

(for No. 1to No.4 Pumping Stations)

Fig. 3.
Fig. 4
Fig. 5
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Layout of Purﬁp, Motor and Electric Panel Room

Single-line Diagram {for No. | to No.4 Pumping Stations)
Wiring Diagram (for No. 1 to No.4 Pumping Stations)
Existing Electric Power Supply to Zai System (for reference)
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2.3.2 Baslc Plan (Part 2 Expansion Portion)

(1) Overall Plan

Three of the four pumps (excluding one pump already rehabilitated) and motors in each of the
pumpihg stations No.1 10 No. 4 of the 7Zai system are to be renewed, and one surge tank is to
be additionally installed to increase the planned capacity after rehabilitation from 45 miltion
mfyear to 90 miltion m'/year (250 thousand m’/day) in the expansion stage. The items below
form the basic concept.

* Formulate (he basic plan utilizing the existing facilities effectively {(conveyance pipelines,
pump houses, pump wells, transformers, surge tanks, chemical dosing equipment, raw
water regulating basins, etc.)

* 660 m of convéyan(:c.pipelinc fcom the No. 4 pump to the Zai treatment plan cannot
withstand the internal water pressure and need to be replaced. However, to bring down the
overall project costs, this replacement is not included in the Project. This work should be
carried out independently by Jordan.

* After expansion, the Zai system will supply tréated water to the Araman cily area with the

* other facitities constructed in the separate Pr_ojcéts, the "Adasiya - Deir Alla" project, and the
"No. S pumping station to Dabouk sérvice teservoir” project. Accordingly, the control of
flow rate of raw walter, treated waler, and delivered waler is very important, and the control
cquipmeait for the Zai treatent plant is considered to be the most equipment for the three
projects mentioned abave. | |

* No problems in particular are found in the design concept and functions of existing facilities.
Consequently, the same systen as in the existing facilities will be used, in principle.

Pump Expansion

(2) Facilities Plan |

Each pumping station consists of the pump house (pumps, motors, electrical cquipmeﬁl, ete.),
transformers, storage tanks, and surge tanks. The pump house and transformers arc installed
on level ground after filling up the depression. On the other hand, storage tanks are installed
about 20 m above the pump ‘house (after cuttihg off the apex of the mountain) to match the
pump characlegistics.

.Pumps and motors are teplaceable equipment and are to be installed in the existing puiip house.
However, the sucge tanks will be added in the future. This is because one more surge tank of
the same size as the existing one needs to be installed in the pump house when the design flow
 tateis increased. After éxpansion, the capacily of the surge tank should be doubled. The surge
tank can be installed al any arbitrary position, and the frequeiicy of maintenance is also
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comparatively small, therefore the position should be considered based on the condition of the
soil, foundation, laying of special H.T. lines, and buried pipes,

Additionally, the topographical and geological conditions given below need to be considered

when installing the No. 1 pump.

* Since the sﬁr'gc tank is installed south of the existing conveyance pipelines, it would be
preferable to install it by the side of existing surge tank, bul there is no space, Therefore, the
surge tank is to be installed on the gentle stope on the north side of the cxisting tank near the
storage tank and rainwater drain.

* The ground has a rising gradient from the eastern side of the pump house toward the north,
and a part of the surface has been cut away. Backfill can also be observed at some locations
(an areca of about 10 m x 35 m at the pump suction header pipe part north of the puinp house).
Excluding the above-mentioned parts, no problems are anticipated in the ground. The bearing
ability of the ground was also confirmed from the rcs_u!ts'of checks by poling the ground.

(3) Machinery and Equipment Plans

1) Pumg, motor, transformer for receiving power

After rehabilitation, the pumping capacity of each pmnping station will be: dia. 350 mm x dia.
250 mm x 21.95 m*/min. x 286 m x 1850 HP x 3 currently, dia. 450 mm x dia. 300 mm x
43.5 m*/min. x 300 - 314 mx 3000 - 3500 kW x 1 after rehabilitation. The total capacity of
the pumping station will be 45 million m*/year {apprbximalcly 123 thousand m3/day).

- During the expansion stég_e, the pumps in cach pumping station together with the three existing

non-renewed pumps are to be feplaced with dia. 450 mm x dia. 300 mm x 43.95 m*/min. x 300

- 314 m x 3000 - 3500 kW speciﬁ(:aliohs, same as the pumps renewed during the rehabilitation

~ stage. Accordingly, all pumping stations after the expansion will operate four pumps of similar
 capacily. With the expansion of these pumps, the following facilities will become necessary:

* Two standby pump (kept in the store) is available at each pumping station which were
procured in the rehabilitation stage and no standby pumps are be procured in the expansion
stage.

" * One additional surge tank to be installed in each pumping station for preventing the water
hammeriﬁg:adibn.

* Three motors to be provided al cach pumping station (same specificalions as during the
rehabilitation ste;ge - reactor starting squirrel cage induction motors){(no standby motor)

The transformer capacity required for each punzﬁiaig station is 20 MVA but since 20 MVA has
been provided at the rehabilitation stage, no expansion is necessary. -
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2) * Contro! and telemetry cquipment

Since the operators have been using the momtormg and conlrol system through graphic panels
currcmly without any problems, the same system can be adopted in future, but because of the
reasonis below an overall renewal néeds to be carried out.

* Existing capacity per pump (before rehabilitation) is the same at all puniping stations, and it
has been designed so that the same flow rate is used al all pumping stations. In practice,
however, the discharge rate of each pump is not the same at all stations. To regulate this rate,
storage tanks (regulating feservmrs) are installed at all pumping stations. For this Project,
however, eXlSllng tanks ate 1o be used even after expansion to reduce costs, This will result in
a reduchon in the regulating capacity of the tanks. To conipensate this, the degree of opening
of the delivery valves should be conirolled in addition to controlling the number of pumps on
the pump side, which is done conventionally. Large-scale changes in the automatic control
functions (soﬂware for buili-in programmable conlroller) are needed, but the manufacturer
(Bristol-Babcock of the USA) has already sloppcd manufacture of similar types of equipment,
therefore changes in program are not possible. Moreover, procureiment of spare parts for
electronic cqu:pmenl being used is likely to become dif ficult in the near future..

* The éxisling equipment have been mamuifactured in the first half of the eightics, and do not
have the automatic function of generating operation and maintenance reports (daily reports).

3) Description of machinery and equipment
The machinery and equ1pment in each pumping station after cxpansion is shown in Table 12



1. Pumips

Pquipment name and  Bxisting equipment Bxisting equipmeént 2

Equipmeat at ékpansiori  Overall equipment after

items 1 (atrehabilitation) . (per pumping statlon)." expansion (per
' Coo e U pumping station)
Number 3 pumips {removal) 1 pump (+ 2 " 3 pumps (installation) 4 pu_rhps (+2 standby
standby for4 PS) - -0 00l for4 PS)

Diameter (mm) $ 350K § 250 4'450X $ 300 Sanjeaslef .0 Sameasleft
Discharge rate (per ~ 21.95m/min. 43 5m¥min. Sameas feft - 0 Same asleft
_.pump) : " LT N L
Total head (No.1  286m 300m “iSameasleft - Same as left
~ Tolalbead (No.2  ~ 286m 300m CSamgaslelt’ . - Sameasleft
PS) - - P S :
Total head (No.3 286m 308m > Sarie as left | : Same as lell
PS) _ P —
Total head (No.4  286m 314m . Sanieasleft -0 . 0 Same as left
-P§) : . Lo e i
Standby pump 300 m CNome - ot
Standby pump _ 314 None = I _
Speed of rotation 2,980 pm 1,490 rpm " Sanie as [eft o Same as lelt
Tmpeller material - Stainless caststecl  Stainless cast steel - Same a5 left .- Same as left
(SCS1) (SCS1) TR *
Body material Cast steet (SC46)  Casl steel (SC46) :'Sameasleft == ¢ Same as left .
Shaft seal Gland packing . Gland packing  "'Samdasfeft; ¢ Sameas left

Bearing cooling
method

Gil bath + cooling
waler

Same as lefl

" Saing as feft i

Same as left

- Pumap accessories
Suction pressure
. gauvge SRCIETE
~ Number - 3(removal) 1 " 3(installation) ' 4
Type Boutdon tube Diaphragm type  * Same as IRl Same as left
' Delivery pressure - Q_ N
- Number 3(removal) - 1 ~installation) 4
Type Bourdon lube Diaphragm type . Same'as left: < Same as left

Other Pipes and
Valves

Thset o
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2. Motor .

. Bquipmént name and F\usung equipment Hxisting equipment 2 Equipmént at expanslon O\erallequupmem after
items i (at rehabilitation) (pst pumping sia!lon} expansion (per
. pumping station)
Number 3 (removal) 1 3 4
Type Horizontal shaft,  Same as left Same as teflt Same as left
squirrel cagé 3- S
phase induction
motor - D . —
Protection and Open type dripr Same as left " Sdine as left Same as left
cooling proof, forced air SR
: ¢ooling ~ e _
No. of poles 2P 4P Sameasleﬂ c Same as left
Voltage, lrequency  6,600v. SOHz 6,600v, SOHz Sameasleft - " 'Same as left
Motor output “1,850HP 3,200KW " Same éS left Same as lefl
(No. 1 PS) ] - :
“Motor output 1,850HP 3,200KW : Same as left Same as left
(No. 2 PS) : . :
Motor cutpul 1,850HP - 3,300KW Same as ldt Same as left
(No. 3 P§) , ’- . _ B
Motor output 1,850HP 3,500K W g Same'as leﬁ Same as lcit
(No. 4 PS) R | B
Starting method Direct line Reactor starting ~ Samie as left Same as left

3. High Tension #nd Low “Tension Facllities

Equipment name dnd - Bxisting equipment Existing equipment‘Z"
{at rehabilitation)

itcms

1

expansion (per
© pumping station)

‘Equipment at expansion  Overall equipment after
' (per pumpmg statmn)

H.T. réceiving
panel

Métal-cnclosed, self- 1 no. (removal)

standing typé

Same, as left l no

- Same s Teft, 2 no.

H,T. motot panel

Same as above

~ Same as left

(including direct line (including starting

Samcfds le_ft_l 3 no‘.f '

“Same as ieft, 4 no.

starter), 3 no. “reactor), 1 no.
_ (removal) S . .
Ventilation pancl  Sameasabove, 1 no. Same as iefl I no. -Saméasleft,3no. . Same as left, 4 no.
_ removal . :
Modification of - (removal) - Uset -
existing panel ) S
Wires, cables - §'set -




4, Control and Telemeiry Equlﬁment:(l’ump!ng ‘Station)

Equipment name and Existing equ:pmenl

items 1]

Bxisting equipment 2 Lqu:pmcm ateapansion Overall equipment after

(at rehabilitation)

(per pumpmg sialmn) '
CLE pumpling itation)

expansion (per’

Monitoring and
operation panel
(including graphic {removat)
panel) )

© Motal-cnclosed, self-
standing iype, 1 no.

3

;Mexah:ndosed.
fshndmg type, 1 no

se[ﬁ Same as left, l no.

Signal 1O panel

Same as above, | no.

Sme o above, T e

Same as iefl. 1 no.

_ . {removal) S
Control telemetry 1 no. . 1ho* 1 no.
cquipment e
Baltesy and battery 1 no. N : l'né * 1 no.
charger )

Flow meter

Ultrasonic’ type, 1
no, {removalin Nos.

U]lrasomc !.ype, l #0, Ulirasonic type, 1 no.

G nstallation m Nos ]

. ¥ and 4 P8) ‘and 4 PS)
Modification of - l et
cxisting VHF :
telephone
equipment o Lo
Wires, cables - 1sét

* One number of each to be installed in the Dabouk seivice feservoir also.

5. Delivery Valves

Equipment pame and  Existing equipment  Existing cquipment 2

Bqu:pment atexpansion

Overall equipment alter

items 1 {at rehabilitation) © (per pumpmg s!atmn) expansion (per
_ pumping station)
Number 3 1 ; 3, : _' e L4
Diameter (mm) $ 360 4 450 - Same as left o7 Same as left
Type Ball valve Ball valve  Sameasleft: T Same as left
' Diive nechanism ~ Hydravlic Motor driven CSameaslet Same as left
Pressure class ANSI200 ANSI300 . Sameasleft 0 7 Sameasleft
' 6. Delivery Side Joints _ .
Equipment name and  Existing equipment Baisting cquspmenl2 Bquspmentatexpanslon Overall equipment aftee
iterms 1 {at rehabilitation) '(per pumping slauon) expan_sion {per
_ i pumping station)
Number 3 1 -3 "-:‘2 sl R
 Diameter (mm) ¢ 300 ¢ 450 Samodsleft-:© o .0 Sameas left
Material Steel pipe Steel pipe  Sameasteft - - { Same as left
Pressure class ANSI300 ANSIZ00 ~ Same as lefi ¢ Same as left
-7, Suction and Delivery Pipes
Fquipment name and - Bxisting equipment ' Existing equipment 2 Equipment at expansion Overall equipment after

items 1 (at rehabilitation) . {per pumping siation) - expansion (per -
L olnotoes pumping station)

No. of sets 3 1 30 _ 4

Diameler (om) ¢ 300 $ 450 Sameasléft . .. Sameas left

Material Steel pipe Steel pipe  Same as left - ~ Same as left

Pressure class ANSI300 - ANSI300 ~ Sameasleft: © ¢ Sameas left
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8. Surge Tank
Fquipmeént name and  Bisting equipment Existing equipment 2° qu;!prhelgij?te.xpiméigilj Overal] equipment after

items 1 . (atrchabilitation) ° (pef pumping station)  expansion (per

: S oo b pumplag station)
Type Horizontal Horizontal *Horizontal | - ~ Horizontal
Size D 1,900x10,700 D1.900x10,700 . . D 1,900x10,700
Prossurc class ANS1300 TANSII00 . ANSI300 m

Number 1 1. : 2

- (4) Baslc Design Drawings
Fig. 6  Plan view of No. I pumping station
- Fig. 7 ~ Plan view of No. 2 pumping station
Fig. 8  Plan view of No. 3 pumping station
" Fig.9  Plan view of No. 4 pumping station
Fig. 16 layout of equipment in pumping station (No. 1 to No. 4)
Fig. 11 Wiring diagram of pumping station
Fig. 12 Single line diagram of pumping station
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