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EXECUTIVE SUMMARY

Channel EffiCIency

GeologIcal InvestigatIOns

FeaSIbIlIty and EnVIronmental Assessment
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Data CollectIOn
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SelectIOn ofPreferred AlternatIve

Phase A
Part 1
Part 2
Part 3

Phase B

4 Any future momtonng of spnng flows should be done WIth a portable flume under
the condItIOn that all KTD release IS dIverted at Thahab WeIr and the downstream
flver channel IS allowed to dry up for 2 to 3 days

1 The nver reach between Kmg Talal Dam (KTD) and Thahab WeIr IS most lIkely a
mmor fresh water gammg reach

2 The nver reach between Thahab WeIr and Hwaret WeIr could be a gamIng or
losmg reach WIthout any adverse effect on water qualIty

A dIscharge and water qualIty measurement program was undertaken to develop a consensus
on the conclUSIOns arrIved m the Phase A - Part 2 report A set of flow and water qualIty
measurements was made from September 11 to September 14, 1995 The followmg
conclUSIOns were reached

RegIonal geology of the area between the KTD and the Abu Zelghan WeIr was studIed Field
InvestIgations were made to deten11lne any geologIcal factors that affect the flow regIme In
the Zarqa Rlvel It was determmed that the lIver reach between the KTD and the Abu
Zelghan WeIr IS most lIkely to be a gammg reach

3 The nver reach from Hwaret WeIr to Abu Zeighan WeIr has salme seepage and
spnngs WhICh reduce the water qualIty There could be losses m thIS reach

Tlus Conceptual Study Draft Report dIscusses the studIes completed under Phase A, Part 3 ­
SelectIOn of Preferred AlternatIve The studies were dIrected at the reevaluatIOn ofchannel
efficIency based on addITIonal field measurements, and geologIcal and hydrogeologIcal
mvestlgatIOns, IdentificatIOn and conceptualIzatIOn of alternatives, and selectIOn of a
preferred alternatIve

The Zarqa RIver Conveyance Study, a component of the Jordan Valley QualIty Improvement
Project, IS bemg performed by Harza Engmeermg Company and ConsolIdated Consultants III

two phases
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Ground Water Regime

The hydrodynamIc pattern of the ground water regIme was studIed Two aqUIfer systems, the
Upper AqUIfer Complex (mcludmg the Kurnub AqUIfer) and the Lower AqUIfer Complex
(mcludmg the Zarqa AqUIfer), were IdentIfied

Accordmg to the hydrogeologIcal condItIOns prevaIlmg m the area between KTD and the Abu
Zelghan WeIr, the nver reach between KID and the Thahab WeIr should be contmuously
recharged from the Kurnub AqUIfer WIth good qualIty water The nver reach between the
Thahab WeIr and the Abu Zeighan WeIr should be contmuously recharged with poor qualIty
salme water from the Zarqa AqUIfer However, there IS a possibIltty that the reach between
Thahab and Hwaret weIrs may have contnbutIOn from the Kurnub AqUIfer as well

IdentIficatIon and ConceptualIzatIOn of AlternatIves

Several solutIOns and concepts lIsted m the TOR, plus configuratIOns that were IdentIfied
after SIte VISIts and dISCUSSIOns wIth the N A offiCIals, were consolIdated mto five
alternatIves four lITIgatIOn supply schemes (lRRI, IRR2, IRR3a, and IRIUb), and one
multI-purpose (IrngatIOn / power) development (POW) In definmg the alternatIves, a
sIgmficant value was placed on the opmIOns of the people from the lITIgatIOn Department and
the N A who are most famIlIar WIth the studIes and the nver, mcludlllg the eXIstmg
structures, consumers, and operatIOn

The schemes conSIdered mtake locatIOns at two eXlstlllg weIrs along the Zarqa RIver (Thahab
and Hwaret), as well as vanous types ofconveyance (ductde Iron pIpe, canal, and steel pIpe)
Some alternatIves, dependlllg on the configuratIOn and llltended use, mtegrated pumplllg
statIOns, powerhouses, and re-regulatmg ponds The conceptuahzatIOn of the alternatIves was
pnmanly based on hydraulIc deSIgn cntena and on prehmmary structural and stabIlIty
conSIderatIOns Mam cntena that were observed III the alternatIve defimtIOn process mclude

All schemes mcorporated eXIstmg structures m the Zarqa RIver watershed, mcludmg
dams (KTD), weIrs, powerplants and waterways

• AlternatIves were mamly conceIved to proVIde good quahty water to eXlstmg
lITIgatIOn consumers As such, the Zarqa Carners and the Kmg Abdullah Canal
(KAC) were mtegrated at the current reqUIrement level However, expanSIOns of
current reqUIrements were also conSIdered m the project feature SIZIng, as was the
case WIth the consumers along KAC

• BaSIC studIes of water avadabIhty and reqUIrements were conducted based on
current mflows mto the Kmg Talal ReservOIr (KTR) However, the effect of
potentIal future mflows mto the reserVOIr from M&I returns was also assessed,
espeCIally for the power addItIOn alternatIve

• VelOCItIes mto the conveyances were mamtamed, as much a~ pOSSIble, below or at
the admISSIble level, partIcularly m the concrete-Imed canals and m the cement­
lIned ductIle Iron pIpes
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• Whenever head losses along the closed condUIts exceeded the current SItuatIOn,
threatenmg to affect the current consumers, booster pumps were mcorporated mto
the configuratIOns

• Closed condUIts were generally preferred to canals, especially m reaches where the
extent of losses was stIll to be detennmed

ReservOIr OperatIOn StudIes

ReservOIr operatIOn studIes were performed for the current operatmg regIme m the Zarqa
River watershed, m order to estImate the amount of water presently aVaIlable AddItIOnal
operatmg regImes conSIstent With the alternatIves IdentIfied were also mvestlgated They
mcluded VarIOUS scenanos ofmcreased mflow mto the KTR m the future (from M&I returns),
future lITIgatIOn demand growth along the KAC, as well as the pOSSIbilIty of Implementmg a
new powerplant ImmedIately upstream of the Abu Zelghan WeIr Flows stIll aVailable after
supplymg these demands were determmed as InflOWS mto the Karamah ReservOIr

ReservOIr operatIOn studIes were SImulated usmg the Army Corps of Engmeers' HEC-S
computer model developed by U S Anny Corps of Engmeers Input mto the SImulatIOn
mcluded reservOIr mflow, mtervenmg flows, IrngatIOn reqUIrements, power generatIOn
regImes, net evaporatIOn amounts, and the KTR area-capaCIty curve The applIcation of the
model resulted m the followmg findmgs for the lITIgatIOn alternatIves

o In the current SItuatIOn of InflOW mto the reservOIr and lITIgatIOn demand
downstream of the dam, assummg that the Zarqa CarrIers demand IS fully
satIsfied, penods WIthout shortage for the KAC (on a monthly baSIS) amount
to 68 percent

• An addItIOnal future mflow of 1 ems (on a monthly baSIS) mto the reservOIr
would mcrease the penod WIthout shortage to 94 percent

• An IrrIgatIon demand growth 0[20 percent along the KAC would result m a
penod WIthout shortage to these consumers of about 63 percent WIth no
mcrease m the reservOIr mflow, and of 91 percent If an addItional mflow of 1
ems enters the reservOIr m the future, a future milow mcrease of 2 ems would
satIsfy full-tIme demand growths along the canal m the range of20 to 40
percent

The ImplementatIOn of a 7 MW new powerplant at Abu ZeIghan, hmnessmg the 121 m gross
head between Thahab and Abu Zeighan and SIzed for a 7 5 ems deSign dIscharge, was
conSIdered wltlun the multi-purpose altemative SImulatIOn results for thIS configuratIOn
show that for an additIOnal future monthly mflow mto the reserVOIr of 3 5 ems, an amount
that was conSIdered hIgh enough to ensure a deSIgn dIscharge of 7 5 cms (tIllS flow mcludes
the maxImum IrngatIon reqUIrement for the consumers along the canal), the percent of tIme
WIth no shortage IS about 85 percent to both power and lITIgatIOn along the canal The
percentage represents a proper range of relIabIlIty for the power generatIOn
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The Preferred AlternatIve

As mentIOned, four IrngatIOn water supply schemes and one multI-purpose development
(lITIgatIOn / power) were configured, assessed and compared at the conceptual level m order
to select a preferred alternatIve The alternatives were compared on the baSIS ofcapItal and
operatIOn cost, ImplementatIOn perIod, volume ofwater saved, quahty ofwater delIvered to
the KAe, an mItral envIronmental assessment, and where applIcable, energy generatIon
Based on the companson, the preferred arrangement conSIsts of the rehabIlItatIOn of the
Hwaret WeIr, a 35 Ian ductIle Iron plpelme, and an outlet at the Abu ZeIghan WeIr ThIS
alternatIve meets the objectIves of the N A m that It elImmates losses III the reach ofZarqa
RJ ver that-was IdentIfied as potentIally losmg water and It carnes the releases from the KTD
around the area of salIne spnngs and seeps It IS a low cost alternatIve (although not the
lowest) that can be Implemented qUIckly and has only mmor adverse Impacts

A second alternatIve was retamed that consIsted ofa dIverSIOn form the Thahab WeIr and a
conveyance by plpelme to the Abu Zelghan WeIr Although more costly, It IS acceptable on
the baSIS of the other comparIson parameters and mIght be Implemented If there IS dIfficulty
m rehablIrtatmg the Hwaret weIr

The lowest capItal cost alternatIve was not selected because It mcludes a reach ofopen
channel that could result III water contammatIOn from the salme spnngs and would reqUIre an
mtensIVe mamtenance program over the reach of canal, and because a SImpler more practlcal
alternatIve eXIsts The remammg alternatIves were rejected on the baSIS of cost and/or
envIronmental problems

IV
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1 1 AuthOrizatIOn

1 2 MobIlIzed Staff

1 INTRODUCTION

Part 3 of phase A, selectIOn of preferred alternative was perfOlmed as a cooperatIve effort by
Harza and CC staff The personnel mobIlIzed to perform thIS effort mcluded the followmg
IndIVIduals

POSitIOn
Project Manager
Lead Engmeer
SenIor PlannIng Engmeer
SenIor HydrologIst

Company
Harza
Harza
Harza
Harza

IndIVIdual
MIchael Saunders
Khahd Jawed
Alex Vlreol
MOnIca Cheng

ThIS study IS bemg performed as a part of the Jordan Water Quahty Improvement and
ConservatIOn Project by Harza Engmeenng Company (Harza) m aSSOCIatIOn WIth
Consohdated Consultants (CC) under a subcontract WIth DAI

The Zarqa RIver Conveyance Study was mcluded as a part ofthe WQIC program to evaluate
the potentIal for Improvmg the conveyance efficIency ofwater released from Kmg Talal Dam
(KTD) and the qualIty of water dIverted from the Zarqa RIver at the Abu Zeighan WeIr The
objective of thIS study IS to assess the techmcal, envIronmental, economIC and financIal
feasIbIlIty of conveymg water efficIently and ImprOVIng qualIty m the 23-kilometer reach of
the Zarqa RIver between KTD and the Abu ZeIghan Werr

The study IS bemg performed In two phases Phase A consIsts of a conceptual study to
IdentIfy feasIble alternatIves and pnontIes Phase A IS dIvIded mto three parts, 1) data
collectIOn and evaluatIOn, 2) analySIS of data, and 3) IdentIficatIOn and evaluatIOn of
alternatives to mItigate channel effiCIency or qualIty Impacts leadmg to the selection ofa
preferred alternatIve Phase B mcludes an envIronmental assessment of the nreferred
alternatIve, an economIC and finanCial analySIS and a prelImmary deSIgn for the elements of
the preferred alternatIve

PertInent data and mformatIOn relevant to the study were collected m Phase A, Part 1 and
presented m an mceptIOn report m Apnl, 1995 Phase A, Part 2 report entItled, "Data
EvaluatIOn," was presented m May 1995 ThIS Phase A, Part 3 draft report Includes a
conceptual study of varIOUS alternatIves and a selectIOn of a preferred alternatIve

The Umted States Agency for InternatIOnal Development (USAID) IS supportmg Investments
to assIst the Government of Jordan m Improvmg the management and conservatIOn of water
resources As a part of thIS assIstance, the Jordan Water QualIty Improvement and
ConservatIOn Project (WQIC) was mItIated under Contract No 278-0288-C-00-4026-00,
between Development AlternatIves, Inc (DAI) and USAID
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2

The overall ObjectIves of thIS Conveyance Study, therefore, are to

In addItIon, the potentIal for developmg hydroelectrIC power was mcluded as an overall
objectIve m the study plan

1 Develop a defensIble argument WIth respect to channel losses,
2 If warranted, recommend a plan to Improve channel effiCIency, and
3 IdentIfy the means to Improve the Zarqa River water qualIty

Deputy Manager
Hydrogeologlst
GeologIst
Water Engmeer
SenIor Hydrauhc Engmeer
HydrologIst
SenIor CIvIl Engmeer
Semor CIvIl Engmeer

CC
CC
CC
CC
CC
CC
CC
CC

In addItIOn to the Issue of conveyance effiCIency, the poor qualIty of the Zarqa RIver IS an
Issue of mcreasmg concern Greater dIverSIOns from the KAC to Amman for mUnIcIpal and
mdustnal (M&I) use has resulted m a greater use of the poorer qualIty Zarqa RIver water for
lITIgatIOn on lands m the Jordan Valley south of the Zarqa River Durmg the summer months
of 1994, all of the water dIverted mto the KAC from the Yarmouk River was used m Amman
or on the lands north of the Zarqa River The applIcatIOn ofZarqa River water to the lands
south of the nver has eVIdently resulted m decreased yIelds and damage to CItruS trees The
detenoratron of the qualIty of the Zarqa River water IS caused pnmanly by a senes of salt
spnngs and seeps located m the lower reach of the nver

In the later part ofthe 1970's, the Jordan Valley Authonty (NA) began to suspect that all of
the water released from the Kmg Talal ReservOIr (KTR) was not reachmg the Kmg Abdullah
Canal (KAC) In 1980, the N A performed a two-day study that appeared to confirm thIS
SUspIcIon Over the next ten years a total of SIX studIes were performed m an attempt to
confirm that losses do occur, to quantIfy the losses, and to IdentIfy the nver reaches wlthm
whIch the losses were occumng In 1994, two addItIonal studIes were performed, one by the
UnIVerSIty of Jordan whIch conSIsted of a water balance study of the rIver usmg estImated
data and the actual data prOVIded by N A, and one by ISPAN whIch conSIsted ofa revIew of
the other studIes The ISPAN reVIew was done to support fundmg by USAID of addItIOnal
study of the Zarqa River channel effiCIency

1 3 Background

Khaled Murad
o Rtmawl
I Abu Taha
L Kandah
S Smadl
S Dwem
N Nafash
M Habash
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2 SUMMARY OF PREVIOUS INVESTIGATIONS

ThIS sectIOn of the report summarIzes the results of the prevIOUS mvestIgatIOns on two major
Issues, Conveyance EfficIency and Water QualIty of the Zarqa RIver

2 1 Conveyance EfficIency

Smce 1980, seven studIes were performed whIch attempted to determme the magnItude of
water losses or gams and to IdentIfy where they mIght occur These studIes or the results of
these studIes were obtamed as a part of data collectIOn and revIewed In addItIOn, prevIous
studIes by ISPAN were also revIewed A I11gh value was placed on the OpInIOnS of the
personnel of the ImgatIOn Department and the N A who are most famIlIar wIth the studIes
and the nver

SIX of the seven studIes ofchannel effiCiency were based on dIscharge measurements The
baselme water balance report by Umversity of Jordan was based on water records for the
penod of 1990-1993 All except one mcluded the reach between KTD and Thahab WeIr
The number of days wIth dIscharge measurements ranged from one to twelve days All
studIes except the study made by the UnIVerSIty of Jordan were performed m one day or on
sequentIal days In most studIes, estImates of pumpmg, spnng flow, evaporatIOn, dIverSIOns,
and the effect ofvanable mflow were not made or were ofquestIOnable qualIty

Based on the above reVIew, It may be concluded that lIttle or no loss occurs m the reach of
Zarqa RIver between KTD and Thahab WeIr When flows m the Zarqa RIver are greater than
about 1,000 lis, the losses mav occur m the reach between Thahab WeIr and the Abu Zelghan
WeIr varymg between 10 and 15 percent However, thIS IS also the reach where practIcally
all spnngs and seeps have been IdentIfied

22 Water QualIty

The JVA has a comprehenSIve and extenSIve water qualIty momtormg program WhICh
mcludes the Zarqa RIver and the KAC Selected reports and water qualIty data were
collected and evaluated to determme If a qualrty problem eXIsts and to Identify the
magmtude and locatlon of the problem

The collected water qualIty data at vanou~ locatIOns on the Zarqa RIver and the KAC were
plotted and compared The followmg observatIOns were made from the evaluatIOn of these
data

• The water m the KAC north of the Zarqa RIver, whIch pnmanly ong1l1dtes m the
Yarmou1.. RIver, has been and contmues to be of good qualIty for lITIgatIOn

• The qualIty of water Ieleased from KTD IS of margmal quality and may be
detenoratmg
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• The water from the salme sprmgs and seeps would be tOXIC to crops, If undiluted

• The mIXIng of water from KTD and the seeps and spnngs results 111 an lITigatIOn
supply that must be dIluted to aVOId sIgmficant reductIOns 111 the yIelds of
vegetable and CItruS crops

The above observatIons Indicate that the detenoratiOn of the KID releases occurs 111 the reach
between the Hwaret WeIr and the Abu Zeighan WeIr and that the elImInatIOn of these sources
of pollutIOn wIll Improve the qualIty of the lITIgatIOn supply
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3 FLOW AND WATER QUALITY MEASUREMENTS

In the Phase A-Part 2 Report on "Data EvaluatIOn," Harza/CC concluded that

1 Practically there IS no loss/gam or water qualIty deterIOratIOn wlthm the rIver reach
between the KID and the Thahab WeIr ElImmatmg mmor loss, Ifany, could not
be accomplIshed economIcally

2 The rIver reach from downstream of the Thahab WeIr to upstream ofthe Hwaret
WeIr does not have a water qualIty problem but mmor losses can be expected

3 RIver reach from downstream ofthe Hwaret WeIr to upstream of the Abu Zelghan
WeIr has a severe water qualIty detenoratIOn and losses In the range of 10 to IS
percent could occur dependmg upon the magmtude of flow In the nver

The above conclusIOns were based on the prevIOUS studIes, opmlOns of the N A personnel
assocIated WIth the conveyance effiCIency of the Zarqa RIver, and the prelImInary geologIcal
and hydrogeologIC assessments To develop a consensus on these conclusIOns, a dIscharge
and water qualIty measurement program was deSIgned by HarzaiCC to be Implemented after
the geologIcal and hydlOgeologlc InvestIgatIOns The results of these mvestIgations are
reported under SectIOns 5 and 6 of thIS report The dIscharge and water qualIty
measurements made under the program are dIscussed below

3 1 Field Measurements

The InItIal program of makmg two sets of measurements could not be accomplIshed because
of KTD release constramts The JVA had to meet lITIgatIOn demands and was reqUIred to set
a constant release for the penod from September 10 through September 15, 1995 A
deVIatIOn from thIS release was not possIble Therefore, one set of measurements was made
from September 12 to September 14 A temporary staff gage was mstalled downstream from
the KTD near an old weIr The gage was maIntaIned up to September 14 The nver stage
remaIned constant throughout the penod of measurements Temporary gages were also used
dunng the flow measurements

Necessary precautIOns were observed durIng the measurements to a\01d all potential
measurIng errors A new current meter was u'>ed A suffiCIent number ofsectIons was
observed across the nver to properly account for the spatIal varIatIOn of velOCIty and depth
At each sectIOn, 60 seconds were used for countmg the current metel revolutIOns (normal
range IS 40 to 70 seconds)

1he fiver bed mostly conSIsts of gravel, cobbles and boulders and It was difficult to locate a
umfonn cross sectIOn for flow measurement The cross sectIons upstl earn from the Thahab
and Abu Zelghan weIrs were good and the flow measurements at these locatIOn'> are rated
e\.cellent The cross sectIOns at other locatIOns were somewhat nonumform The
measurements at these locatIOns are rated good At the Thahab WeIr, all water was dIverted
to the desandmg basIl1s (three sectIOns) The flow m one of the sectIOns was released to the
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nver The nver at thIS locatIOn IS narrow and flow was qUite turbulent Therefore, the flow
measurement was made about 500 meters downstream from the weIr

Generally In a nver, stage fluctuations can cause bank storage release whIch can affect the
dIfference between measurements made upstream and downstream ofsuch a reach Because
the KTD release was constant for at least 48 hours pnor to the flow measurements, any
potentIal error due to bank storage effect was elImmated

Table 3 1 shows the flow and water quahty parameters measured dunng the measurement
program

Table 3 1

Discharge and Water Quality Measurements

Date LocatIon Dlsch Dlff Dlff EC pH Temp
(ems) (ems) (per) mmhos/cm (0C)

1995
Sep 12 Downstream KTD 3362 1 15 740 23

+0134 +40
Sep 12 Upstream Thahab 3496 1 30 775 25

Sep 12 Downstream Thahab I 603 I 10 793 26
+0008 +05

Sep 12 Upstream Hwaret 1 611 120 759 27
+0011 +07

Sep 13 Downstream Hwaret I 622 I 25 805 28
+0143 +88

Sep 13 Downstream Women
Sprmg I 765 200 783 22

+0025 +14
Sep 13 Upstream Abu ZeIghan I 790 3 10 680 23

Sep 14 Spnng No 15 1200 6 15 26

Sep 14 Spring No 21 13 50 - 27

Sep 14 RIver Upstream
Spring 21 240 - 21

Sep 14 RIver Downstream
Spnng 21 295 - 21
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32 AnalysIs

Table 3 1 shows an mcrease of about 134 htres between KTD downstream and Thahab
upstream The accuracy of flow measurements at the two locatIOns IS Judged to be plus or
mmus five and two percent, respectIvely The mdlcated mcrease IS wlthm the accuracy of the
measurements However, as pel geologIcal and hydrogeologIcal mvestigattons (see SectIOns
5 and 6 of thIS report), thIS reach could be a fresh water gammg reach There m no water
qualIty detenoratton

From Thahab downstream to Hwaret upstream, there IS a mmor gam but wlthm the accuracy
ofmeasurement Water qualIty IS unaffected

A short reach, Hwaret upstream to Hwaret downstream, mdlcates a mmor gam m flow though
Wlthm the measurmg accuracy However, thIS reach has a few salme spnngs The locatIOns
of the spnngs are shown on ExhIbIt 3 1

From Hwaret downstream to Abu Zelghan upstream, the data on Table 3 I shows gams
Durmg the measurements, a few places were observed where mmor lITIgatIOn returns were
entenng the nver Also, most of the salme water from the spnngs enter m thIS reach As per
hydrogeologIC mvestigatIOns, thIS reach could be a gammg reach at times However, the
gams are ofhIghly salme water ThIS IS clearly mdicated by the water qualIty measurements
on and near Spnng No 21 (Table 3 1, see ExhIbIt 3 1 for locatIOn)

3 3 ConclUSIOns

From the above analysIs, the followmg conclUSIOns are made whIch are conSIstent WIth the
conclUSIOns made m Harza/CC report, Phase A- Part 2

I The nver reach between KTD and the Thahab WeIr IS most lIkely a mmor fresh
water gammg reach

2 The flver reach between the Thahab WeIr and the Hwaret WeIr could be a
gammg/losmg reach at tImes are there IS no deteIloratIOn m the water qualIty

3 The flver reach from the Hwaret WeIr to the Abu Zelghan WeIr has severe water
qualIty detenoratton due to salme sprmgs

Spnng contnbuttons to the nver cannot be estImated by flow measurements usmg
conventIOnal current meter procedures The best way to measure these contnbuttons would
be to completely dIvert the KTD release at Thahab WeIr, let the rIver dry up for two to three
days and then measure sprmg flows by a portable flume or a pygmy type current meter The
N A probably has used thIS procedure, however, better eqmpment IS reqUired Most deSIrable
would be a portable flume
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4 HYDROLOGY OF PROJECT AREA

4 1 HydrologIc Settmg

4 11 Zarqa RIver Basm
The Zarqa RIver IS a major tnbutary of the Jordan RIver and ongmates m the central part of
Jordan at an elevauon ofabout 1,600 meters (above mean sea level) near Salkhad and Joms
the Jordan RIver at an elevatIOn of -300 meters (below mean sea level) The nver drams the
eastern escarpment whIch begms at the edge of the Jordan River Valley (the Valley) and
merges gradually With the elevated plams and deserts of the Arabian and Synan plateaus
The elevatIOn of the escarpment varIes around 700 meters whIle the valley ranges from -200
to -400 meters

The area of the Zarqa RIver basIn of Interest for thIS study IS the basm below KTD located
about 40 kIlometers upstream from the confluence of the Zarqa RIver WIth the Jordan RIver
and about 23 km upstream from the KAC The dramage areas of the rIver at the KTD, KAC
and ItS confluence WIth the Jordan RIver are about 3300, 3440, and 3540 square kIlometers
(sq km), respectIvely

KTD was constructed In the 1960's and raised m the 1980's The dam IS about 110 meters
hIgh and Impounds a reservOIr of about 86 mIllIon CUbIC meters (MCM) at the normal pool
level (El 179 m)

Over the 23-km rIver reach between KTD and KAC, the Zarqa RIver flows through a
wIndmg, steep-sided valley In thIS reach, there are three weIrs, Thahab, Hwaret and Abu
Zelghan

The Thahab WeIr IS located approxImately 11 5 km downstream from KTD ThIS IS a
concrete dIverSIOn weIr used for dlvertmg water from the weir mto Carner PIpes I and II for
IffigatIOn The capaCItIes of these pIpes are about 1,000 and 1,770 lItres per second,
Iespectlvely

The Hwaret WeIr IS located about 5lun downstream from the Thahab WeIr The weIr served
a canal WIth a capacity of 800 l/s for InigatIOn m the Valley which also could be supplIed
from a turnout m Carner Pipe I The weIr and canal are m poor conchtlOn and have been
abandoned by the JVA

The Abu Zelghan WeIr IS located at the eastern edge of the Valley and dIverts Zarqa RIver
water mto the KAC through the Abu ZClghan Canal The capaCIty of thiS canal IS about
7,500 lis

4 1 2 Genel al Climate
The general chmate of the Zarqa RIver basm IS a tranSitIOn between Medltenanean and and
clImate Altitude and latItude are effectIve factors which control prevatlmg weather
Average daIly maximum and mmlmum tempelatures are 45°C and 5°C, re,>pectlvely There
IS a rapid decrease Il1 relatlve humIdIty and precipitatIOn movmg cast of the Jordaman
HIghlands
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In wInter, northeast WInds brmg contInental polar aIr from the mtenor ofASia and make the
Valley cool for Its latItude The mean temperatrnc of the plateau ofAmman durmg January IS
about 8°C compared to about 14°C In the Valley Ground frosts are frequent on the plateau
dunng wmter mghts

Durmg spnng KamsmlC frontal depresslOns travelmg from the north Afncan coast
occaslOnally cause abnormally mcreased surface wmds and temperatures Associated
unstable air at hIgher altItude often develops mto thunderstorms wIth occaslOnal hall

A seasonal low pressure trough m summer, over the ArabIan Gulf, Iraq, Syna and Cyprus
causes westerly wmds to enter Jordan from the MedIterranean Sea Fall IS assocIated WIth a
change m the pressure system as the seasonal trough extendmg over Cyprus to Iraq begms to
mIgrate southeast MedIterranean depresslOns start developmg WIth contmental air from the
ASiatIC Steppes and warmer mOIst air from the MedIterranean Sea, causmg a decrease In
temperature and the onset ofseasonal frontal rams

Annual precipitatlOn IS hIghest over the elevated edge of the Valley and decreases gradually
toward the eastern deserts Mean annual preclpItatlOn over the entIre Zarqa RIver baSIn IS
about 235 mm Over the baSIn, downstream from KTD, the annual preclpltatlOn decreases
sIgmficantly

4 1 3 PreCipItatIOn and Temperature

Mean monthly preclpltatlOn and temperatures for Amman, located m the HIghlands, are gIven
In Table 41

Table 4 1
MEAN MONTHLY PRECIPITATION AND TEMPERATURES IN AMMAN

Month PreCIpltatlOn(I) (mm) Temperature(2) (Oe)

January 664 8 1
February 570 90
March 535 11 8
Apnl 110 160
May 5 1 207
June 0 237
July 0 25 1
August 0 256
September 0 235
October 59 206
November 297 153
Decembel 51 9 100
Total 2805
Mean 174

(1) 34-yc.lr average, water years (October through September) 1937 tbrough 1970 fiom Jordan
Natural Resource~ t\.uthonty Ramfall In Jordan

(2) 45-year average, from unpublIshed records, Jordan Natural Resources Authonty

9
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42 Water YIeld

421 AvaIlable Streamflow Data

The mflow to the KTR mcludes three components, 1) natural streamflow, 2) dIversIOn from
the Qa'Khanna Basm and 3) mumclpal and mdustnal return waste water from the Amman!
Zarqa area Monthly flow data for these components were collected by Harza from vanous
agencIes m Jordan mcludmg the N A and the Water Department dUrIng earher hydrologIcal
InVestIgatIOns The pertment reports are lIsted below

1 Harza Overseas Engmeenng Company," The RaIsmg of KIng Talal Dam,
FeaSIbIlity Study," prepared for the Jordan VaHey Authonty, Apnl 1982 (Harza
1982)

2 Barza Engmeermg Company InternatIOnal," The RalSlng ofKmg Talal Dam, Fmal
DesIgn Report," prepared for the Jordan Valley Authonty, August 1983 (Harza,
1983)

3 Harza Engmeenng Company In aSSOCIatIOn wIth Arabtech Consultmg Engmeers,"
Storage Faclhtles In Jordan Valley, Fmal Report on Techmcal, EconomIc and
FmancIal FeaSIbIlIty and PrelImInary DesIgn," Three Volumes, prepared for the
TVA, Apnl 1989 (Harza, 1989)

The Inflow data from October 1953 through September 1985 were obtamed from the prevIOUS
reports AddItional data up to September 1994 were collected as part of thiS study

4 2 2 Long-term Streamflo'n Ddta

As IndIcated above, the streamflow data were collected from vanous agenCIes m Jordan
Procedures were used to generate a conSIstent monthly long-tenn Inflow senes for KTD The
estImated long-term data are gIven In Table 4 2

Intervenmg flows between the KTD and the Thahab WeIr (dramage area = 96 kIn) were
reqUired for the reserVOll operatIOn study These were generated m two steps FIrst, the
mtervenmg flow between the KTD and the Abu Zelghan WeIr (dramage area = 140 km) were
obtamed from Harza's preVIOUS reports for the penod from October 1953 to September 1985
and updated for the penod from October 1985 to September 1994 as a part of tlus study
(Table 43) In the second step, the flows estImated m the first step wele multiplIed by a
factor of 069 (dramage area ratIO 96/140) to represent flows from the area between the KTD
and the Thahab WeIr (Table 4 4)

423 Net ReservOir EvaporatIOn

ComputatIOns of net reserVOIr evaporatIOn 111 the Zarqa River basm are dIscussed III llarza's
reports ( IIarza, Apnl 1982 and Harza, Apnl 1989) The net reservoll evaporatIOn was
computed usmg the followmg relatIOnshIp
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TABLE 42

HISTORICAL MONTHLY STREAMFLOW (eMS)
ZARQA RIVER AT KTD

PERIOD WY 1954-1994

YEAR OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP ANN

1954 1 90 2 16 1 94 243 4 88 2 69 1 77 1 94 1 89 1 57 1 57 1 77 2 21
1955 1 83 1 89 261 2 17 1 57 149 1 31 1 23 096 078 075 096 1 46
1956 I 27 3 67 291 220 1 52 2 13 204 1 57 1 35 1 27 1 19 1 12 1 85
1957 1 23 1 16 243 228 8 89 672 1 97 209 1 77 1 46 1 38 1 35 2 73
1958 1 49 1 85 2 17 269 8 27 1 61 1 62 1 49 1 27 1 08 1 08 1 23 2 15
1959 1 27 1 23 1 27 4 93 3 22 3 25 1 12 1 12 0 96 1 01 0 93 1 04 1 78
1960 1 08 1 12 1 42 1 72 1 28 1 27 1 04 056 050 041 078 0 81 1 00
1961 078 1 12 149 362 500 1 57 1 81 1 38 039 067 071 069 1 60
1962 1 05 1 81 635 441 6 16 1 90 093 090 096 1 08 1 31 1 43 236
1963 1 27 1 31 1 75 1 72 823 1 64 143 452 1 12 1 05 1 08 108 2 18
1964 2 10 252 7 55 3 83 669 434 1 86 1 11 1 09 074 073 081 2 78
1965 1 85 1 22 605 941 627 3 30 5 15 283 236 1 56 1 62 2 19 3 65
1966 1 16 054 071 072 075 938 1 40 1 06 1 00 0 83 0 80 0 87 1 60
1967 1 OI 1 43 269 549 3 89 3 10 1 81 1 12 1 04 093 093 1 08 204
1968 I 0 I 0 93 3 92 7 54 4 83 3 17 2 16 I 46 1 23 0 93 0 93 0 81 2 41
1969 1 16 232 1 91 3 10 3 30 13 3 3 14 223 1 58 1 25 0 99 1 28 296
1970 1 50 I 60 1 61 282 205 370 1 79 1 52 1 44 1 23 1 94 2 12 1 94
1971 1 25 1 37 1 64 257 1 46 1 73 11 8 0 55 0 37 0 32 028 042 1 98
1972 0 82 I 08 3 60 1 90 259 225 2 15 051 031 037 053 053 1 39
1973 052 1 20 075 200 1 17 1 56 063 064 069 062 054 046 090
1974 048 1 50 1 09 21 3 12 1 578 369 1 99 1 23 095 077 078 430
1975 0 58 1 22 1 69 1 46 4 73 2 23 3 44 0 53 0 35 0 30 0 32 0 34 1 43
1976 034 0 86 1 28 1 61 1 80 5 92 075 0 68 055 052 047 042 1 27
1977 053 074 087 1 55 1 55 1 29 098 047 027 022 030 031 076
1978 1 36 066 203 200 1 05 1 90 0 73 037 0 10 0 12 0 16 0 18 0 89
1979 028 041 1 16 1 01 066 090 049 0 11 007 010 038 033 049
1980 197 180968511459 131 343 190 119082071077 510
1981 080 I 04 11 5 277 408 323 1 86 1 15 081 074 093 093 249
1982 090 1 15 109 1 55 442 2 12 574 397 094 092 109 074 205
1983 1 26 1 85 1 46 4 04 7 18 11 2 3 36 2 72 1 59 1 54 0 92 1 06 3 18
1984 1 24 3 28 1 57 2 83 2 41 3 75 2 03 1 59 1 27 1 09 1 03 0 93 1 92
1985 1 54 3 51 3 34 1 19 10 4 3 52 1 92 1 10 0 50 0 41 0 40 0 68 2 37
1986 081 098 1 32 I 83 299 1 36 1 74 1 02 084 089 079 096 1 29
1987 110 871 184 279 171 140071076 076 077 071077 184
1988 696 1 32 221 436 155 789 204 1 65 1 25 1 12 1 23 1 55 3 92
1989 1 44 1 51 6 47 2 59 2 11 2 53 1 62 1 42 1 28 1 17 1 26 1 36 2 06
1990 1 31 2 17 2 87 3 07 3 35 3 06 2 23 1 52 1 28 1 40 1 39 1 28 2 08
1991 1 37 1 52 1 65 3 24 3 05 3 89 1 68 1 58 1 36 1 16 1 18 1 20 1 91
1992 1 30 1 65 13 7 9 85 30 3 11 7 6 28 4 12 3 60 2 77 2 64 2 56 7 54
1993 2 62 3 47 5 93 5 90 5 40 4 32 3 68 3 55 3 63 2 10 2 16 2 12 3 74
1994 223 326 293 4 13 3 88 344 225 1 90 1 73 1 39 1 59 1 46 252

AVG I 37 220 3 18 3 70 500 4 01 238 1 56 1 14 097 099 1 04 230
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TABLE 4 3

HISTORICAL MONTHLY INTERVENING FLOW (CMS)
KTD TO ABU ZEIGHAN WEIR

PERIOD WY 1954-1994

YEAR OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP ANN

1954 0 11 0 12 0 11 a 11 0 25 a 15 a 08 0 07 0 08 0 07 0 07 0 08 0 11
1955 0 11 0 12 0 15 0 11 008 007 008 007 004 004 004 004 008
1956 007 0 19 0 15 0 11 008 0 11 012 007 008 007 007 008 0 10
1957 007 0 08 0 11 a 11 045 037 0 12 0 11 008 007 007 008 0 14
1958 007 008 0 11 0 15 045 007 008 007 008 007 007 008 0 12
1959 a 07 0 08 0 07 0 26 0 17 0 19 0 08 0 07 0 04 0 04 0 04 0 04 0 10
1960 0 07 0 08 0 07 0 07 0 08 0 07 0 04 0 04 0 04 0 04 0 04 0 04 0 06
1961 0 04 0 08 0 07 0 19 0 25 0 07 0 08 0 07 0 04 0 04 0 04 0 04 0 08
1962 0 04 008 034 022 033 a 11 a04 004 0 04 a 07 a 07 a08 a 12
1963 0 07 0 08 a 07 a 07 0 45 0 07 a 08 0 22 0 08 0 04 0 04 0 04 0 11
1964 0 12 0 14 043 022 a 38 025 0 10 006 006 0 04 0 04 0 as a 16
1965 0 10 007 034 053 036 a 19 029 0 16 0 13 009 009 0 12 021
1966 0 07 0 03 0 04 0 04 0 04 0 53 0 08 0 06 0 06 0 05 0 04 0 05 0 09
1967 004 008 0 15 030 021 0 15 0 08 0 07 004 004 004 0 04 a 10
1968 004 004 022 041 024 0 15 0 12 007 008 004 004 004 0 12
1969 007 0 13 0 11 0 18 0 19 076 0 18 0 13 009 007 006 007 0 17
1970 009 0 09 009 0 16 a 12 021 0 10 009 008 007 0 11 0 12 0 11
1971 007 008 009 0 15 008 0 10 067 003 002 002 001 002 0 11
1972 005 006 021 0 11 0 15 0 13 0 12 003 002 002 003 003 008
1973 003 007 004 0 12 007 009 003 004 004 003 003 003 005
1974 003 008 006 1 21 069 a33 021 0 11 007 0 as 0 04 a 05 024
1975 a 03 a 07 a 10 0 08 0 27 0 13 0 20 0 03 a 02 a 02 a 02 0 02 0 08
1976 0 02 0 05 0 07 a09 0 10 0 34 0 04 0 04 0 03 0 03 0 03 0 02 0 07
1977 0 03 0 04 a 05 0 09 0 09 0 09 0 05 0 03 0 01 0 01 0 01 0 02 0 04
1978 008 003 0 15 0 15 007 0 18 005 002 000 001 001 001 006
1979 0 02 a 03 a 10 a 10 0 04 0 05 0 02 001 001 001 0 01 a 01 003
1980 039 1 13 1 03 040 024 077 0 10 007 007 006 006 005 036
1981 0 04 0 05 0 79 a 14 0 23 a 16 0 10 0 06 0 05 a 05 a 06 0 05 a 15
1982 a 06 a 07 007 008 024 0 15 051 033 005 004 0 04 a 04 a 14
1983 006 009 009 029 048 064 0 16 0 14 0 14 0 11 0 13 0 13 021
1984 0 09 a 10 0 09 0 14 0 11 0 18 0 10 0 09 0 07 0 05 0 06 0 07 0 10
1985 0 11 025 024 009 074 025 0 14 008 003 003 003 005 0 17
1986 005 007 0 11 0 12 0 15 a 14 008 005 003 003 003 003 0 07
1987 0 06 0 10 0 16 0 18 0 21 0 19 0 12 0 07 0 05 0 04 0 04 0 05 0 11
1988 0 14 022 034 a 38 044 041 025 0 15 0 10 009 009 0 10 022
1989 007 0 12 0 18 a 20 024 022 a 13 008 005 005 005 005 0 12
1990 007 012 018020 024 022 013 008 005 005 005 005 012
1991 007 0 11 0 17 0 18 022 020 0 12 0 07 005 004 004 0 05 0 11
1992 026 042 064 072 083 079 047 029 0 19 0 17 0 17 0 18 043
1993 a 13 a 21 032 036 043 040 023 a 15 a 10 008 009 a 09 022
1994 009 a 14 022 024 029 027 0 16 0 10 0 07 006 006 006 0 15

AVG a 08 0 13 020 022 026 024 0 14 009 0 06 0 05 005 006 0 13
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TABLE 4 4

HISTORICAL MONTHLY INTERVENING FLOW (eMS)
KTD TO THAHAB WEIR

PERIOD WY 1954-1994

YEAR OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP ANN

1954 0 08 0 08 0 08 0 08 0 17 0 10 0 05 0 05 0 05 0 05 0 05 0 05 0 08
1955 008 008 0 10 008 006 005 005 005 003 003 003 003 006
1956 005 0 14 0 10 008 006 008 008 005 005 005 005 005 007
1957 0 05 a05 0 08 a08 0 32 0 26 0 08 0 08 0 05 0 05 a05 0 05 0 10
1958 005 005 008 0 10 032 005 005 005 005 005 005 005 008
1959 005 005 005 a 18 0 12 0 13 005 005 003 003 003 003 007
1960 0 05 0 05 0 05 0 05 0 06 0 05 0 03 0 03 0 03 0 03 0 03 0 03 0 04
196I 0 03 0 05 0 05 0 13 0 17 0 05 0 05 0 05 0 03 0 03 0 03 0 03 0 06
1962 0 03 0 05 0 24 0 16 0 23 0 08 0 03 0 03 0 03 a05 0 05 0 05 0 09
1963 0 05 0 05 0 05 0 05 0 32 0 05 0 05 0 16 0 05 0 03 0 03 0 03 0 08
1964 008 0 10 030 0 15 027 0 17 007 004 004 003 003 003 0 II
1965 007 005 024 037 025 0 13 021 0 11 009 006 007 009 0 14
1966 005 002 003 003 003 037 006 004 004 003 003 004 006
1967 003 005 0 10 021 0 14 0 10 005 005 003 003 003 003 007
1968 0 03 0 03 0 16 0 29 0 17 0 10 0 08 0 05 0 05 0 03 0 03 0 03 0 09
1969 0 05 009 008 0 12 0 13 053 0 12 009 006 005 004 005 0 12
1970 006 006 006 0 11 008 0 15 007 006 006 005 008 008 008
1971 005 005 007 0 10 006 007 047 002 002 001 001 002 0 08
1972 0 03 0 04 0 14 0 08 0 10 0 09 0 09 0 02 0 0I 0 02 0 02 0 02 0 06
1973 0 02 0 05 0 03 0 08 a05 0 06 0 02 0 03 0 03 0 02 0 02 0 02 0 04
1974 0 02 a06 004 085 048 023 0 15 008 0 05 004 003 003 0 17
1975 002 005 007 006 a 19 009 0 14 002 001 0 01 001 001 006
1976 001 0 04 005 006 007 024 003 003 002 002 0 02 002 005
1977 002 003 003 006 006 006 004 002 001 0 01 001 0 01 003
1978 005 0 02 0 10 0 11 0 05 0 13 003 002 000 001 001 001 004
1979 001 002 007 007 003 003 001 0 01 001 001 001 001 002
1980 0 27 0 79 0 72 0 28 0 17 0 54 0 07 0 05 0 05 0 04 0 04 0 04 0 25
1981 0 03 0 04 0 55 0 10 0 16 0 II 0 07 0 04 0 03 0 04 0 04 0 04 0 10
1982 0 04 0 05 0 05 0 06 0 17 0 10 0 15 0 23 0 04 0 03 0 03 0 03 0 10
1983 004 006 006 020 034 045 0 II a 10 0 10 008 009 009 0 14
1984 006 007 007 0 10 008 0 12 007 007 005 004 004 005 007
1985 008 0 18 0 17 006 052 0 18 0 10 005 002 002 002 004 0 12
1986 0 03 0 05 0 08 0 09 0 10 0 10 0 06 0 04 0 02 0 02 0 02 0 02 0 05
1987 0 05 007 0 11 0 12 0 15 0 14 008 005 003 003 003 003 007
1988 0 10 0 15 024 026 0 31 029 0 17 0 11 007 0 06 006 007 0 16
1989 005 008 0 13 0 14 0 17 0 15 009 006 004 003 003 004 008
1990 005 008 0 13 0 14 0 17 0 15 009 006 004 003 003 004 008
1991 005 007 0 12 0 13 0 15 0 14 008 005 003 003 003 003 008
1992 0 18 029 045 050 058 055 033 020 0 13 0 12 0 12 0 13 030
1993 0 09 0 15 0 23 0 25 0 30 0 28 0 16 0 10 0 07 0 06 0 06 0 07 0 15
1994 0 06 0 10 0 15 0 17 0 20 0 19 0 11 0 07 0 05 0 04 0 04 0 04 0 10

AVO 0 06 009 0 14 0 15 0 18 0 17 0 10 006 004 004 004 004 009
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NRE - F xE - (P+Q)

III which

NRE = net reservOlr evaporatIOn, mm
F = pan coeffiCient
E = class A pan evaporatIOn, mm
P =preCIpItatIOn on the lake surface, mm
Q = runoff from the reservOlr area before the constructIOn of lake, mm

Table 4 5 shows the net reservoir evaporatIOn estimated for the KTR and a potentIal Zarqa
reregulatIOn dam

Table 4 5

NET RESERVOIR EVAPORATION (MM)

Month ReservoIrs
KTR Zarqa Reregulatmg

Oct 149 153
Nov 109 73
Dec -5 12
Jan -23 -1
Feb 10 29
Mar 48 66
Apr 156 139
May 235 210
lun 258 258
Jul 281 274
Aug 261 253
Sep 197 203
Total 1676 1669
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43 Watershed CharacteristIcs

The dramage areas of mterest at the KTD and the downstream weIrS are lIsted m Table 4 6

Table 4 6

DRAINAGE AREAS

BasIn Dramage Area (sq km)
Upstream from KTD 3300
Between KTD and Thahab WeIr 96
Between Thahab WeIr and Hwaret WeIr 35
Between Hwaret WeIr and Abu ZeIghan WeIr 9

Total 3440

The watershed charactenstIcs of the dramage basm upstream from the KTD are not of mterest
for thIS report The charactenstIcs of the basm between KTD and the Abu ZeIghan WeIr are
dIscussed below

43 1 Between KTD and Thahab WeIr

ThIS reach IS about 11 5 km long, wIth a dramage area of about 96 sq km The nver Valley
IS narrow wIth steep, hIgh hIlls on both banks A number of small tnbutarIes drammg the
steep hIlly slopes and relatIvely flat slopes near the top of the hIlls Jam the Zarqa RIver
Small VIllages or a few scattered homes are located on the flat slopes SIgnIficant tnbutanes
are WadI en NaIrn, WadI el Azab, WadI el Huna, WadI Abu er Ruwels and WadI el Bam
The length and overall slopes of these wadIS are gIven m Table 4 7
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Table 4 7

LENGTHS AND OVERALL SLOPES OF WADIS JOINING ZAROA RIVER DIS KTD

WadI Length (km) SLOPE (Percent)
En Narrn 62 139
El Azab 100 72
EI Nuna 53 158
Er RuwelS 5 1 165
ElBurn 50 144
Sadd En Nimi 92 89

Ha.JJuJ 52 138
EI Tahlma 47 183
Raud El Mokhamal 2 1 238
Hamfa 3 1 174

The steep-sided valley of the Zarqa River m this reach has many mdicatIOns ofmstabIhty and
there IS a potentIal for land-shdmg The channel has been downcut through sandstone and
lImestone formatIOns The channel bed consIsts oflarge cobbles, gravel, shmgle and coarse
sand with an underlymg strata of fine sand and gravel SoIls are dommantly clayey sIlt and
fine sand wIth relatIVely low pemleabIltty Agnculture IS practIced on both banks There IS a
well developed farm on the left bank near the mmmg area Two lITIgatIOn water lIft pumps
were seen dunng the field VISIt on Apnl 18, 1995

4 3 2 Between Thahab WeIr and Hwaret Wen

ThIS reach IS about 4 8 km long, wIth a dramage area of about 35 sq km The rIver valley IS
some"vhat WIder, compared to the upper reach The rIver bed consIsts of cobbles, gravel and
sand The underlymg strata IS fine to coarse alluvIUm

Three mam wadiS enter the nver m thIS reach, m additIOn to small water courses These
mclude WadI Sadd en Nlm, WadI HaJJa] , and WadI el Tahlma The lengths and overall
slopes of these wadIS are gIven m Table 47

Agnculture IS practIced on both banks where feaSIble SoIls are dommantly clayey SlIt and
fine sand WIth relatIvely low pel meablhty

433 Between Hwaret WCll and Abu ZCIghan WClr

The reach IS about 4 7 km long, WIth a dramage area of about 9 sq km Downstream [rom
IIwaret WeIr, the valley WIdens and permIts cultIvatIon espeCIally on the nght bank The
lITIgated area IS served by the pIpe lme ongmatmg at the Thahab Weir Slgmficant lITIgatIOn
return Dow 01 overflow from the water courses can enter the Zarqa rIver m tlus reach
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A few small wadIS enter the nver The two named wadIS are Raud EI Mokhamah and Hanlfa
The lengths and overall slopes of these two wadIs are gIven m Table 4 7 A number of
spnngs e'ast m thIS reach

4 4 Flood AnalySIS

4 4 1 Methodology

Flood frequency data were estImated for the mtervemng areas between KID and the Ihahab
WeIr, between KID and the Hwaret WeIr, and between KID and the Abu Zelghan WeIr,
based on the flood frequency data for the Zarqa RIver at New Jerash Bndge The flood
frequency curve at the bndge sIte was developed usmg the annual mffiClmum observed flood
peaks The flood peak data and procedure to develop the frequency curve are dIscussed m
Harza 1983 and 1989 reports

4 4 2 Flood Frequency Data

A number of procedures are avaIlable to transpose the flood data from a gaged sIte to an
ungaged sIte In prevIOUS hydrologIcal InvestIgatIOns m Jordan, Harza's hydrologIsts
determmed that better flood peak data at an ungaged sIte were obtamed when the
transposItIOn of flood peaks from a gaged sIte was made usmg the same value of Creager's C
for a gIVen return penod Creager's formula IS gIven below Table 4 8 shows the flood data
at vanous locatIOns

o936 A OQ.l8

Q= 1 303 C (386A)

m whIch
Q = peak dIscharge, ems
A = dramage area, sq km

Table 4 8

FLOOD PEAKS (eMS)

Zarqa Return C Thahab Hwarct Abu Zelghan
New Jcrash PerIod Value WeIr WeIr Weir

(yean,)
200 5 2 394 476 496
330 10 3 59 1 71 5 744
572 25 5 985 119 124
820 50 7 138 167 174
1140 100 10 197 238 248
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TransposItIOn of flood peaks from New Jerash Bndge to the weIr sItes was accomplIshed
usmg "C" values gIven m Table 4 8 The flood peaks at the weIr sItes are also gIven m the
table

The flood peaks gIven m Table 4 8 for the weIr sItes are for the mtervemng dramage areas
only The outflow from KTR IS not added because of the assumptlOn that the floods up to
100-year return penod wIll be regulated by KTR and the releases would be only for
downstream lITIgatIOn reqUirements

4 5 SedIment Transport

The JVA has conducted penOdIC reservOIr sedImentatIOn surveys of KTR SInce 1980 For the
penod from 1980 to 1994, ten surveys were conducted The total sedIment deposItIOn IS
estImated to be about 11 mIllIon CUbIC meters (MCM) ThIS IS eqUivalent to about 1 1 MCM
per year

The trap effiCIency of the reservOIr was estImated to be about 99 percent m a prevIOUS report
(Harza, Apnl 1982) Usmg thIS value, the umt sedIment yIeld for the basm above KTD IS
about 337 m3/km2/yr (l 1 X 106 /099/3300) or 0 34 mm/yr

The phySIcal condItIOns and ramfall pattern of the basm above KTD and below KTD are
Judged to be not sIgmficantly dIfferent Therefore, the umt yIeld was transposed to
mtervemng areas usmg a dramage area ratIo raIsed to the power -0 125 (ASCE,
SedImentatIOn Engmeenng) The estImated sedIment YIelds are gIven m Table 49

Table 4 9

SEDIMENT YIELD

Location Dramage Area UmtYIeld Annu.l1 YIeld
(sq km) (m3 or m3/sq km/yr) (m3 or m3)

Thahab WeIr 96 524 50,300
Hwaret WeIr 131 504 66,000
Abu Zelghan WeIr 140 500 70,000
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5 GEOLOGY OF PROJECT AREA

5 1 RegIonal Geology

The study area mvestigated extends from the KTD downstream to the Abu Zeighan WeIr.
along the rIver course, and up to the hIghlands on both sIdes of the Zarqa River A geologIcal
map of the Zarqa RIver IS gIven as ExhIbIt 6 1

The study area conSIsts of four dIstmct geomorphIc - topographIc zones extendmg from the
north to the wadI course, from the south to wadI course and m the east-west dIrectIOn from
KTD to the Abu Zeighan WeIr m the Ghor area The formatIOn of the Zarqa River IS WIthm
these geomorphIc - topographic zones and IS assocIated wIth the development of the Dead
Sea - WadI Araba RIft Zone

The geomorphIc - topographIc zones. m accordance wIth MInIstry ofAgnculture and Natural
Resources Authonty (NRA) claSSIficatIOns are as follows

"I-IIghlands" where the elevatIOn exceeds 800 m above mean sea level.
"Escarpment" wIth elevatIOn ranges between 800 m and sea level,
"FoothIlls" wIth elevations m the range ofsea level to -200 m. and
"RIft Zone", whIch IS between -200 m and the Dead Sea level

The hIghlands are actually away from the Zarqa RIver course near the Khashaba VIllage of
the Jerash DIstnct III the northern SIde of the nver The second zone, known as the
escarpment, covers the area between KTD and about 5 km downstream from the dam

The area located between 5 !an downstream from KTD and the Hwaret WeIr falls under the
foothIll classIficatIOn whIle the area below the Hwaret WeIr and up to the Abu Zelghan WeIr
belongs to the RIft Valley Zone

These geomorphIc - topographIc zones are charactenzed by the presence of vanous
geologIcal formatIOns These formatIOns are dIscussed below

The hIghlands are charactenzed by upper cretaceous sedIments of the lower part of the AJlun
Group Because of tIllS formatIOn occasIOnal hIgh slope cuts dommate In the areas of the
lughlands From the SubeIhi area to the Zarqa RIver and from the Khashaba VIllage to the
Zarqa RIver, lower cletaceous rocks (Kurnub Sandstones) are ehposed wIth the occaSIOnal
appearance of Jmasslc roCKS

Because of the lIthologIcal nature of the Kurnub formatIOn, whIch mamly conSIsts of fnable
sandstone WIth some mtercalatIOns of calareous sandstone, the slopes of the Zarqa RIver
Danks are steep varymg between 15 to 8 percent Because of the lIthologIcal nature of
JuraSSIC rocks, WhICh are of lImestone and dolomItiC lllnestone, wadI flank slopes are
lelatively less steep m the lange of8 to 5 percent In the foothIll alea, the lIthologIcal nature
of the exposed TnaSSIC rocks, WhICh conSIst of lImestone, shales mm Is, and marly lImestones,
has resulted III gentle slopes III the range of 3 to 6 percent Downstream from the foothIlls
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towards the Ghor area, where the RIft Valley Zone predommates and quaternary rocks of the
LIsan formatIOn, alluvIUm, colluvIUm and 3011(s) are plesent, the Zarqa RIver channel slope IS
relatively flat The rocks exposed m thIS zone are Kurnub, TnasSIc, JurassIc and Quaternary
Due to the dIfferent types of rocks exposed m thIS zone, the slopes of the adjacent flanks are
varIable and range between 3 and 15 percent

5 2 Stratigraphy

The rock uruts exposed m the area between KTD and the Abu Zeighan WeIr range mage
from TrIaSSIC to recent The spatIal dlstnbutIOn of these rock umts IS m the order of theIr
eXIstence and IS dIscussed below

Kurnub sandstone of early Cretaceous age IS exposed at KTD and extends downstream untIl
JuraSSIC rocks appear These rocks are older m age and extend downstream tIll rock<; ofthe
TnassIc age (the oldest rocks) become e"'Cposed at the surface of the wadI course and m the
adjacent area as a core of a geologIcal wmdow further downstream from the Tnassic rocks,
the JuraSSIC reappears agam Lastly Quaternary depOSIts (lIsan, allUVIal, and collUVIal
depOSIts) are unconfonnably overlymg the JuraSSIC rocks

DetaIled descnptIOns ofthe dIfferent exposed rocks are dIscussed as follows

TnaSSIc - JuraSSIC Rocks Zarqa Group
The Tnassic - JuraSSIC rocks exposed m the area and encountered m deep wells drIlled m the
Jordan Valley and other parts of Jordan are known as the Zarqa Group, whIch IS further
subdIVIded mto two formatIons the Mam FormatIOn (Zl) of Tnasslc age and Azab
Formation (Z2)

Mam FormatIon (Zl)
The rocks of thIS fonnatIOn ClOp out m a regIOn of about 3 5 km, the startmg exposure
appears at a dIstance of 5 lIn downstream of the KTD along the Zarqa River ThIS fonnation
consIst of shales, clays, marly limestone, marls, calcareous sandstones, lImestones and
maSSIve gypsum beds, where the gypsum bands are mmed for use as cement The thIckness
oftl11s formatIOn reaches about 100 m, as exposed m WadI Huna

Azab FormatIOn (Z2)
ThIS formatIOn conSIsts of lImestone, hard, maSSIve, yellOWIsh-gray m color, dolomIte,
sandstone and shale ThIS formatIOn IS exposed at two regIOns along the course of the Zarqa
RIver The first e"'Cposure appears at KTD along a stretch of 5 kIn where It overlIes the Mam
formatlOn The second exposure appears once agam as an overlymg matenaI of the Mclm
formatIOn 85 km downstream ofKTD

Carly Crctaceou<; Rocks Kurnub Group
The Early Cretaceous rocks, whIch are known locally as the Kurnub Group (K), over lies
confOlmably the Azab formatIon of the Zarqa Group The Kurnub Group IS not exposed
along the flver course bdween KTD and the Abu ZeIghan WeIr but It IS exposed on both
flanks of the nver course It conSIsts ofarenaceous depOSIts at ItS base, generally composed
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of whIte sandstone With tlun beds of dolormte and shales, whIle Its upper part consIsts of
vancolored sandstones wIth IntercalatIOns of shale, lImestone, dolomIte, and marl

Quaternary DeposIts
The Quaternary deposIts consIst of Lisan FormatIOn and recent superfiCIal depOSIts The
Llsan FormatIOn consIsts of marl, clay, gypsum and occasIOnally gravels of brackIsh ­
lacustrIne depOSIts It IS exposed on both flanks of the Zarqa RIver downstream of the Abu
Zelghan bndge, where, as Its exposure on the left flank IS dIrectly near the nver, the nght
flank exposure IS more than 100 m away from the nver course Recent superficIal depOSIts
occasIOnally cover the Lisan depOSIts Generally, these depOSIts consIst ofalluvIal fluoTIte,
collovmm, fan depOSIts, talus depOSIts and salls These depOSIts con';;lst of unsorted coarse to
fine clastIcs The AllUVIal depOSIts along the Zarqa River course have vanable thIckness
rangIng from few centimeters to more than 40 m, as mdlcated m the recently dnlled well
downstream of Hwaret weir (Abu ZeIghan well No 1)

5 3 Geology of Old Channel

The rocks above whIch an lITIgatIOn channel was preVIOusly constructed (startmg at about 5
km from the Thahab WeIr) belong to the Azab FormatIOn of JuraSSIC Age The first stretch of
the channel IS completely destroyed due to constructIOn of an emergency road m 1992 The
exposed rocks consIst of alternatIng layers of marl, shale, lImestone and dolomItIc limestone
The other parts ofthe channel are constructed on occaSIonal JuraSSIC rocks and mostly above
recent depOSIts

5 4 Gammg or Losmg Sub-Reaches

Durmg geologIcal field mvestIgatIOns m the area of mterest, the nver course was dIVIded mto
two subreaches The first subreach was conSIdered upstream from the Thahab WeIr and the
second subreach was conSIdered downstream to the Abu Zelghan WeIr

from our prelllnmary mvestIgatIOns, the first stretch IS belIeved to gam some fresh water
from seepages and spnngs, the water ongmates from mfiltrated ramfall DIscharges of the
spnngs and seepages are relatIvely low and dIsappear totally m the summer season
Generally, thIS stretch may be conSIdered to be a stretch of no losses and very small gammg
of water The second stretch downstream from the Thahab WeIr has both fresh water gammg
and salme water gammg zones The fresh water gammg zones are very lImIted whIle the
zones contnbutmg salme water appear on both banks of the nver

5 5 AdditIOnal Study

The engmeeung geology of the entIre reach for a potentIal alternatIve would be Identrfied In

the light of the proposed stlUcture locatIOn
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6 GROUND WATER REGIME

61 RegIOnal Ground Water

The aqUIfer systems m North-Central Jordan are classIfied mto two mam systems, the Lower
AqUIfer System and the Upper AqUIfer System The Lower System consIsts pnmanly the
Kurnub Group of Early Cretaceous Age and the Zarqa Group of TnassIc - JurassIc Age
These two groups are hydraulIcally connected on a regIOnal scale formmg one aqUIfer
complex However, the Upper AqUIfer System, wluch consIsts ofalternatmg aqUIcIudes and
aqUIfers of Late Cretaceous-Early TertIary Age of the AJlun and Balqa Group (Al-7 and Bl­
4), covers most parts ofNorth and Central Jordan

Two separate water levels and dIfferent water qualItIes m the Kurnub Group and Zarqa Group
are observed m some places m the hIghlands, lIke the SubeIhI and Baqqa' area However,
these form one statIC water level m the RIft Valley

The hydrodynamIC patterns of Central and Northern Jordan at the Eastern Dank of the Jordan
Valley are dIscussed by many others (Salameh and Udluft, 1985, and EI-Naser 1990)
(ExhIbItS 6 I and 6 2)

A general descnptIOn ofthe hydrodynamIC pattern IS as follows

InfiltratIOn occurs over the hIghlands through the Upper AqUIfer Comple:\. Because of the
topography, there IS a ground water dIVIde m the recharge area (HIghlands) Some of the
ground water m the Upper AqUIfer Complex moves towards the Jordan Valley m the West
and appears on the escarpment as base flow, seepages and sprmgs (good water qualIty) whIle
most of the water moves towards the east away from the dIVIde As water flows eastward m
the Upper AqUIfer Complex, It mfiltrates downwards through the dIfferent aqUIfers,
aqUItards and aqUIc1udes through fractures, and major and mmor faults untIl It finally
recharges the Lower AqUIfer Complex In the Lower AqUIfer Complex the water changes Its
dIrectIOn to westward and finally emerges as spnngs or encountered m wells (flowmg or
nonflowmg) WIth thennal brackIsh water m the Jordan Valley

In the study area and Its surroundmgs (northern and southern adjacent areas), the Kurnub and
Zarqa Groups are exposed The Kurnub Group exposures are much larger than the Zarqa
Group, whIch IS Iestncted to the Zarqa RIver Course and ItS Danks downstream from KTD
The Kurnub Group (Upper AqUIfer Complex) IS recharged annually m the hIghlands by
ramfall ThIS annual recharge explams the presence of fresh water sprmgs and wells m the
Kurnub Group, as m the SubeIhi and Baqqa' area Contrary to thIS, salIne water IS
encountered m deep wells penetratmg the Zarqa Group m the Baqqa's area In the hIghlands,
the Kurnub and Zarqa Groups are separated from each other, but as water flows towards the
west the two groups tOlm one statIC water level ThIS was recently proved by lICA (1995) m
theIr study on BrackIsh Groundwater Desalmatron m Jordan, whele five tests wells were
dnlled m the Jordan Valley The nearest wells to the Zarqa RIver are Test Well No 1 and
Abu Zeighan Well No I, whIch was dnlled two years ago by N A m the Zarqa Course
downstream of Hwaret WeIr (A Z 1) The groundwater eqUIpotentral map of the area and
hydrogeologIcal cross sectIons are shown m :eXhIbItS 6 3 to 6 5 (lICA, 1995)
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The hydraulIc charactenstics of the Kurnub and Zarqa GlOups encountered as separate
aqUifers are gIVen In Table 61 (JICA, 1995)

Table 6 1

GROUND WATER CHARACTERISTICS

AqUIfer TransmIssIbIlIty PermeabIlIty Storage CoeffiCIent
m2/day mid

Zarqa 157 07 001-009
Kurnub 110-120 1 0-1 1 0002

The plezometnc surface of the Zarqa AqUIfer (ExhIbIt 6 3) IS almost parallel WIth the
escarpment and the groundwater flows from the hIghlands m the east towards the Jordan
Valley In the west The concavIty m the piezometflc surface along the Zarqa RIver IS caused
by the sprmgs and seepage The average piezometnc surface gradIent of the Zarqa AqUIfer IS
about 3 percent

6 2 Spnngs and Seepage

Seepage and sprmgs of brackish and thennal nature are present along most of the entlre reach
downstream from the Hwaret WeIr to the Abu ZeIghan WeIr, and contmuously recharge the
surface water flow In the Zarqa River Dunng the field InvestIgatIOn along the Zarqa RIver
course from the Thahab WeIr to the Abu ZeIghan WeIr, electncal conductiVIty measurements
were earned out The results of these measurements are gIven m Table 6 2 The numbers
assIgned to the locatIOns are the same as shown on Ex11lbit 3 1
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Table 6 2

ELECTRICAL CONDUCTIVITY MEASUREMENTS

No LocatIOn EC IDs/em (mmhos/cm)
1 Thahab WeIr 1280
2 Seepages 1 780
...,

1330.:l

4 1330
5 1 330
6 1 370
7 1 370
8 Abu Zelghan Well No 1 >11 50
11 Seepages (left sIde) 5 00,5 50,5 25 and 5 0 I
12 RIver Water 1 51
15 Seepages (nght sIde) 395,3 85
16 RIver 1 540
18 Thermal Spnngs 625,6 16
24 Abu Zelghan bl1dge (River) 240,282 And 200 (across the flver)
25 249
26 Abu Zeighan WeIr 255

Complete chemIcal analyses of water from dnlled wells (nCA 1995 Test wells No 1 and 2,
and Abu Zelghan well No 1), penetratmg the Zarqa AqUIfer and water from Men and
Women thermal spnngs located on the Zarqa River downstream ofAbu Zelghan well No 1
are presented m Table 6 3 Most of the test wells dnlled by nCA m the Jordan Valley found
water present under hIgh plezometnc pressure, water flows naturally to the earth surface and
IS then put under control Contrary to thIS, Abu Zeighan Well No l, when dnlled, found
water under very hIgh pressure, whIch made Dow control very dIfficult SpeCial processes
had to evolved to brIng the water under control (DlscmslOns WIth Eng Hamed Abu Obeld,
Eng Abu Obeld belIeves that blockmg of the well has had no mf1uence on the seepage and
sprIngs dIscharges, contrary to N A Engmeers who belIeve that after the water Dow from the
Abu Zelghan well was brought under control, seepage and spnngs dIscharges downstream of
the well mcreased from 20 lis or less to more than 150 lis) About 60 m of the well IS
belIeved to have caved m

It IS not Important whether the control of the well IS the major cause ofseepage dIscharge or
not, smce seepage and sprIngs are present and severely Impact the water quahty of Zarqa
RIver

63 PotentIal Channel Loss or Gam

[10m the ground water regIme, It appears that there IS a gam 11l the amount of water Dowmg
111 the Zarqa RIver downstream from the Hwaret Weir to the Abu ZeIghan WeIr Also, most
probably, there IS a gam m water between KTD and the IIwaret WeIr but m much smaller
amount
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Table 6 3

CHEMICAL ANALYSES OF ZAROA AQUIFER IN JORDAN VALLEY

Test Well 1 Test Well 2 Abu Zelghan I Man Sprmg Woman Sprmg
7-1-1995 3-1-1995 Summer 1994 Summer 1994 Summer 1994

Temp °C 363 31 9 35 349 35
pH-Value 638 647 628 631 639
EC, ms/em 855 1476 11 85 688 808
TDSmglL 7262 9724 7622 4422 5002
Camg/L 3715 4669 422 2529 3343
Mgmg/L 104 166 11 5 108 65
Namg/L 514 108 798 375 452
KmglL 42 65 46 29 34
CLmglL 50 1167 7692 3595 4240
S04 mglL 343 3634 3676 2364 2646
HC03 17 16 2662 2363 17 17 1924
N03 827 394 I 99 057 261
FemglL 107 108 1005 006 006
Mnmg/L 032 011 35 009 o1I
NH4+mg/L 026 1 02 256 1 28 1 02
H2S mg/L 049 049 025 025 <01

6 4 ConclusIOns

Accordmg to hydrogeologIcal condItions prevaIlmg m the area, the Zarqa RIver course
between KTD and the Abu Zelghan WeIr should be contmuously recharged from the exposed
Zarqa Group at the base and the Kurnub Group at hIgher elevatIons through sprmgs and
seepages

The Kurnub water seepages are of good qualIty because It IS mfiltrated ramfall water at the
hIghlands Contrary to thIS, the Zarqa Group water, whIch IS consIdered to present under
arteSIan condItIOns, IS of poor qualIty ThIS detenorates the qualtty of the Zarqa RIver water
released from KTD
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7 IDENTIFICATION OF ALTERNATIVES

The process of IdentIfymg alternatIves for conceptual desIgn consIsted ofa reVIew and ImtIaI
screenmg of the conceptual alternatIves descnbed m the Scope of Work, and the formulatIOn
of new alternatIves that were IdentIfied as a result ofthe mitIal screenmg and the results of
studIes performed to date

Nme concepts were IdentIfied m the Scope of Work as appropnate for conSideratIOn m thIS
Conceptual Studies Report These mne concepts mcluded total-solutIOn alternatIves, and the
Idea that some of the alternatIves and features ofalternatIves could be combmed It must be
remembered that these concepts were IdentIfied before the evaluatIOn of current water losses
was performed

As a result of our evaluatIOn of the pnor studies of water loss, a flow measurement program
performed for thIS study, and the geological and hydrogeolOgical mvestIgatIOns performed as
a part of thIS study, It was concluded that

PractIcally, there IS no gam or loss or water qualIty detenoratIOn m the reach
between the KTD and the Thahab WeIr and, most lIkely, It IS a mmor fresh
water gammg reach

2 The nver reach between the Thahab Weir and the Hwaret weIr could be a
gammg or losmg reach at tImes and there IS no detenoratIOn m water qualIty

3 In the nver reach between the Hwaret WeIr and the Abu Zelghan WeIr, losses
m the range of 10% to 15% could occur and there IS a severe detenoratIOn m
water qualIty

Therefore, the mltIal evaluatIOn was to reconSider the IdentIfied conceptual alternatIves m
lIght of the results of the water loss evaluatIOn and to change the emphasIs oftlus study to
Improvement of water qualIty

7 1 ImtIaI SCI eenmg of the Sn: Total-SolutIOn AlternatIves

The mltIal screenmg was performed for the SIX total-solutIOn Conceptual AlternatIves
descnbed m the Scope of Work.

Conceptual Alternative No 1 - Usmg a plpelme over the entire 23-kllometer reach This
concept was ongmally IdentIfied as a solutIOn to water losses 01 qualIty detenoratIOn over the
entIre reach of the Zarqa River between KTD and the Abu Zelghan WeIr Based on the
conclUSions stated above that there me no losses or water qualIty detenoratIOn over most of
the reach of nver, the nver Itself I'> an acceptable conveyance between KTD and the Hwaret
Wen Therefore, thIs alternatIve IS no longer valId as a solutIOn to the stated objectIves of the
WOlk. effOli

Conceptual Alte1l1atIve No 2 - LimItIng the plpelme to certaIn reaches of the channel. Tlus
alternatIve IS v'1hd and IS earned mto the conceptual deSign stage
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Conceptual AlternatIve No 3 - Improvmg the flver bed rather than usmg a pIpelIne ThIS
alternative was ongmally IdentIfied as an alternatIve to ehmmate seepage 10 the nver channel
through the constructIon ofa channel or by applymg an ImpervIOUS membrane to the eXIstmg
channel 'WhIle such an alternatIve mIght be effective 10 reducmg losses from seepage, It IS
not a practIcal solutIOn for Improvmg the quahty of the water delIvered to the KAC

The water qualIty detenoratIOn results from a senes of spnngs and seeps that dIscharge mto
the nver all along the lower reach The applIcatIOn ofan ImpervIOUS membrane on the nver
bed or the constructIOn of a hned channel m the flver bed mIght proVIde an acceptable
solutIOn, however, It probably would not ehmmate eIther losses or the detenoratIOn of
qualIty In the case of a concrete lIned canal (trapezoIdal or rectangular cross sectIOn), the
e"{panSIon Jomts wIll proVIde ready access to the flowmg salIne flows An ImpervIOUS
membrane IS subject to crackmg or nppmg or, at a mInImUm, hIgh mamtenance In addItIOn,
an ImpervIOUS bamer to the seeps and spnngs mIght only force them to dIscharge up-bank or
m another locatIOn that would eventually allow them to return to the nver

Fmally, such an open conveyance mIght cost as much as a closed condUit under some
CIrcumstances Indeed, bUIldmg (or rehabilItatmg) a canal all the way from Hwaret to Abu
Zelghan under a maXImum acceptable slope of 05 percent (for mstance), would Imply
solvmg the problem of a 38 m drop along a 3 5 to 4 Ian-long ahgnment, or about 10 m per
km Up to four drop structures may be reqUired for each 1000 m, whIch WIll result m a rather
expenSIve solutIOn Therefore Conceptual Alternative No 3 IS rejected In ItS place, we have
IdentIfied an alternatIve WIth a combmed conveyance (part canal, part pIpe - AlternatIve
IRR3b), and one completely enclosed 10 a ductIle Iron pIpe (AlternatIve IRR3a) between
Hwaret and Abu Zeighan Both alternatIves are retamed for cost companson

Conceptual AlternatIve No 4 - Use ofa deep cutoff wall wlthm the Zarqa RIver channel to
recover seepage losses ThIS alternatIve was ongmally conceIved to mtercept nver flow that
was travelmg down-nver m the allUVIUm and gravel of the nverbed By mterceptmg thIS
flow and forcmg It to the surface, It could be dIverted and used benefiCIally The only reach
that IS now conSIdered to have the potentIal for losses IS the lower reach between the Hwaret
WeIr and the Abu Zelghan WeIr It IS m thIS reach that the salme spnngs and seeps
contammate the water released from the KTD InterceptIOn of any losses would also
mtercept the salme water and no purpose would be served

A cutoff wall could be added to the alternatIves WIth mtake at Hwaret (Alternatives IRR3a
and 3b) to Iecover any losses that mIght occur m the reach between Thahab and Hwaret
WeIrs ThIS WIll make the schemes more expenSIve WIthout guaranteemg performance For
mstance, trymg to recover losses dunng low flow season by constructmg a cutoff wall could
very well be counterproductIve, mducmg salme contam,natIOn upstream of the Hwaret WeIr
(currently thIS nver portIOn does not have salme contammatIon), by puttmg the salme spnngs
under pressure and forcmg theIr flow back mto the nver

Therefore, It was deCIded to eillmnate a cutoff wall as an optIon for reducmg losses or
Improvmg the quahty of the Zarqa RIver water
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Conceptual AlternatIve No 5 - Constmctmg a canal rather than a plpelme In companson to
AlternatIve 3, thIS alternatIve suggests a canal outsIde of the nver channel It IS a valId
alternatIve although mutually exclusIve to a pipeime It IS carned forward for further study

Conceptual AlternatIve No 6 - Preventmg salme sprmg and <:jeep water from entenng the
nver Tlus alternatIve was conceIved when the nature and extent of the spnngs and seeps was
not clearly understood It IS now understood that most of the eXIstmg contammatIOn sources
are flowmg and thIS complIcates sIgmficantly the ImplementatIOn ofa VIable solutIOn Any
stmctural confinement attempt mIght SImply lead to a shIft of the contammatIOn sources to
other locatIOns as a result of pressure buIld-up Intercept and conveyance ofsources and
sprmgs would represent an expenSIve scheme gIven the seasonal vanatIOn of dIscharges, let
alone that durmg the ramy season such a conveyance mIght not be necessary as flow
concentratIOns are much lower Past expenences show that a more convement solutIOn m
such SItuatIOns IS passmg the better-qualIty water around the contammated reaches
Therefore, Conceptual alternatIve No 6 IS rejected 10 favor ofalternattves that convey the
KTD dIscharge around the reach between the Hwaret WeIr and the Abu Zeighan WeIr

Feature No 1 - Includmg power generatIOn m the project can be an addItIOn to any of the
plpelme projects A part of the conveyance cost that represents the dIfference between the
cost of a penstock and the cost ofthe ductIle Iron pIpe that would be SUItable for the IrngatIOn
supply scheme and the cost ofthe eqUIpment and eqUIpment housmg WIll be allocated to the
power addItIOn

The addItIOn of power to the rejected 23 kIn-long pIpe also was conSIdered for thIS 10ltIal
screemng For thIS alternatIve, the total conveyance cost upstream of the Thahab WeIr would
be allocated to the power purpose of the development, m addItIOn to an mcrement SImIlar to
the one descnbed above for the reach between the Hwaret and Abu Zelghan WeIrs Based on
prelIm10ary umt pnces, the cost of the 23 km-long pIpe (mstalled) would reach between
$31 1 and $61 5 mIllIon, depend10g If the pIpe IS ductIle Iron 15m ID, or stmctural (pressure
vessels) steel 20m ID (thIckness varymg between 10 and 25 mm), respectIvely, and the
conveyance component 10cremental cost of addmg power to the configuratIon WIth the 23
km-long pIpe configuratIOn could reach as 111gh as $304 mIllIOn (the dIfference of the above
costs), or about $1320/kw for a 23 MW powerplant at Abu Zelghan ThIS umt cost IS
computed WIthout tak10g mto conSIderatIOn other expenses such as the powerhouse CIVIl and
eqUIpment costs, as well as the expenses aSSOCiated WIth buIldmg an mtake at KTD (to 10take
both the turbmed dIscharge and the lITIgatIon by-pass) When all costs are conSIdered, It
suggests a prohIbItIve total development cost, consequently, the power optIOn added to a 23­
k.m long pIpe was dIscarded

feature No 2 - ProVISIOn ofa reregulatIOn reservOIr near the Abu ZeIghan WeIr can serve to
pem1It on-peak generatIOn WIth any power addItIOn HIstOrIcally, on-peak power IS worth up
to two tImes as much as off-peak power Therefore, the potentIal for thIS benefit IS carned
forward

As a result of the ImtIaI screemng the followmg aIternattves and features are retamed for the
development of conceptual deSIgns
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LimItmg the Pipeime to a certam reach of the channel
ConstructIng a canal rather than a pIpelIne
IncludIng power generatIOn wIth the pIpelIne
PrOVISIon ofa reregulatIOn reservOIr

For the purpose of the conceptual desIgn, these retamed conceptual alternatIves and features
were developed Into speCIfic alternatIves

7 2 AlternatIves for Conceptual DesIgn

The alternatIves for conceptual desIgn wele formed as combmatIOns of the retamed
conceptual alternatIves that take mto conSIderatIOn the results of the pnor studIes performed
as a part of thIS mvestIgatIOn The alternatIves allow for the eXlstmg power facIlttIes at KTD
that currently generate secondary energy and release a maxImum of 6 4 cms (plant desIgn
dIscharge) for eXlstmg IrrIgatIOn users, whenever water IS aVailable The mtakes for these
alternatIves WIll be eIther at the Thahab WeIr or at the Hwaret WeIr For reasons related to
channel loss and contammatIOn potential, closed conveyance m pIpe IS preferred to canal
solutIOns Attempts were made to take advantage of eXlstmg works One alternative
mcorporated the eXlstmg carrIer ZC II, despIte hIgh peak velOCItIes expected m the pIpe
wlthm the new scheme In another alternatIve, an eXlstmg but heavIly damaged canal, whIch
takes off from the Hwaret WeIr, was partIally mtegrated m an alternatIve m whIch the
conveyance IS part m canal and part m pIpe Based on these crItena, the four alternatIves
bnefly descnbed below are recommended to be developed at a conceptual level Table 71
presents mam charactenstIcs of these schemes

7 2 1 AlternatIve IRR!

A 72 km long closed conveyance (ductIle Iron pIpe WIth 14m ID) would be mcorporated m
the reach from the Thallab WeIr to the Abu Zelghan canal The mtake at Thahab WeIr would
be expanded to accommodate thIS new plpelme The prelImmary pIpe alIgnment IS shown on
ExhibIt 7 1 on 1110,000 topograpillc maps, together wIth the locatIOn of the eXlstmg
structures and wIth the new project feature locatIOns

722 AlternatIve IRR2

ThIS alternative IS based on the use of the eXIstmg ZC II pIpe to convey a dIscharge up to a
maXImum of 63 ems (mcludmg the 1 8 cms maXImum flow currently sent to ZC II
consumers), down to a bIfurcatIOn where a new pIpe would convey the water normally
released down the Zarqa RIver past the Thahab WeIr to Abu Zeighan ExhIbIt 7 2 present,>
tlus alternatIve arrangement on 1/10,000 topographIc maps, together WIth the locatIOn of the
eXlstmg structures and WIth the new scheme component locatIOns

7 2 3 AlternatIve IRR3a

ThIS alternatIve conSIders the pOSSIbIlIty of constructmg a conveyance m pIpe (ductIle Iron
pIpe WIth 14m ID) to by-pass the Hwaret - Abu Zelghan cntlcal re1ch ExhIbIt 7 3 presents
thIS alternatIve scheme on 1110,000 topographIC maps, together WIth the location of the
eXlstmg structures and WIth the new scheme component locatIOns
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7 2 4 AlternatIve IRR3b

ThIS alternatIve consIders the possIbIlIty of constructmg a combmatIOn canal/pIpe
conveyance (ductIle Iron pIpe WIth 14m ID) to by-pass the Hwaret - Abu ZeIghan cntIcal
reach E~hlblt 74 presents thIS alternatIve scheme on 1/10,000 topographIC maps, together
wIth the locatIOn of the eXIstmg structures and With the new scheme component locatIOns

7 3 Power Alternative (pOW)

The addItIon of power could be conSIdered for alternatIves that mcorporate closed condUIts,
proVIded that head IS hIgh enough to Justlfy an mstallatlon In order to take advantage of the
full I21-m gross head between the settlmg basm take-off at the Thahab and the Abu Zelghan
locatIOn, the addltlon of power was conSIdered only for the alternatlve WIth the mtake at
Thahab WeIr (IRRI) A power InstallatIOn harnessmg the 56-m gross head between Hwaret
and Abu Zelghan would only develop a maXImum of 3 MW, an mstalled capaCIty of httle
mterest to the Jordan Electnc Authonty espeCIally sInce It most probably would be too small
to JustIfy the Investment ExhibIt 7 5 presents the features of the selected alternative Table
7 1 also presents the mam charactenstics oftlns alternatlve
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Table 7 1

ALTERNATIVES FOR THE
ZARQA RIVER CONVEYANCE STUDY

CONVEYANCE

AlternatIve Purpose PlpefPenstock Canal Settlmg BasIns Power Special

Type Length CapacIty Length CapacIty ExpansIOn New Secondary FIrm Features

(KM) (CMS) (KM) (CMS) (CMS) (CMS) (MW) (MW)

IRRI lITIgation Ductile * DISSIpatIOn EqUIpment (valve)

Iron 72 45 - - - - 6 02/ - at PIpe Downstream End

14m ID

IRR2 IrngatlOn Ductile * BifurcatIOn from ZC II

lIon 20 45 - - 451/ - 6 02/ - * Increase ofZC II dIscharge

14 m ID (6 3 ems) over FITst 5 kIn
* Pumpmg Statton
* DISSIpatIOn EqUIpment at PIpe

Downstream End

IRR3a IrngatlOn DuctIle * RehabilItatIOn of Hwaret WeIr

Iron 35 45 - - - - 6 02/ - and Intake

14 m ID * DISSIpatIOn EqUIpment at PIpe
Downstream End

IRR3b IrrIgatIon Ductrle * RehabIlItatIOn of Hwaret WeIT

Iron 204/ 45 1 5 45 - - 6 02/ - and Intake

14m ID * ConstructIOn of 1 5 kIn Canal
* DISSIpatIOn EqUIpment at PIpe

Downstream End

POW IrrIgatIon Pressure * Re-regulatmg dam and fresh

and Vessel 70 75 - - - 75 1/ - 13 03/ water pond at the Abu-Zelghan

Power Steel sIte

2 amID * 7 MW Plant at Abu Zelghan
sIte

* DIVerSion of low and average
flows ofZarqa R Upstream of
Abu-Zelghan WeIr

"Iotes 1/ At Tal AI Thahab Weir
21 E'.Istlng Plant at )<,.lng Talal Dam
31 Includes new 7 MW Plant It the Abu ZClghan SltC
4/1ncludcs Aqucduct Length (300 m)
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7 4 Staged Development

The alternatIves IRRI and POW could represent stages of the same development, wIth
the power development mstalled at a later stage, when and If reqmred In thIS case, the
ImgatlOn development should be the one wIth a totally new by-pass pIpe along the
reach Thahab WeIr - Abu Zelghan Canal, With the comment that thIS conveyance
should be mstalled as a penstock from the very begmnmg (that IS, manufactured of
malleable, structural pressure vessels steel) Ofcourse, thIS would represent a hIgher
mltIal mvestment WIth a temporanly non-performmg component ThIS staged
development IS only conceptually presented at thIS tIme and was not detaIled at the
cost estImate level
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8 RESERVOIR OPERATION STUDIES

ReservOlr operatIOn studIes were performed for the current operatmg regIme usmg
mflow and release data for the KTR The studIes were used to estImate the amount of
water avaIlable for regulatIOn m the reservOIr and for dIverSIon below the dam
AddItIOnal operatmg regImes representmg ranges of flow reqUIrements consIstent
wIth the development alternatIves IdentIfied above were also mvestlgated They
mcluded varIOUS scenarIOS of mereased mflow mto the KTR m the future (from M&I
returns), future IrngatIOn demand growth along KAC, as well as the possIbIlrty of
Implementmg a new power plant ImmedIately upstream of the Abu Zeighan WeIr
Flows stIll aVailable after supplymg these lITIgatIOn developments were determmed as
InflOWS mto the Karamah ReservOIr

8 1 SImulatIOn Model

The monthly reservoIr operatIon for all scenanos was SImulated usmg the Army
Corps ofEngmeers' HEC-S computer model for the penod from 1954 to 1994 (water
years) The HEC-S program IS commonly used m planmng studIes for evaluatmg the
performance of eXIstmg and proposed reservOIrs wIthm a watershed system, and to
assIst III sIzmg the flood control and conservatIOn storage reqUIrements for each dam
mcorporated mto the system at vanous stages of development The model can be used
m sImulatmg the sequentIal operatIOn of a system of reservOIrs of dIfferent
configuratIon In the case of tIus project, the HEC-5 SImulatIOn represented varIOUS
scenarIOS of operatIOn of the KTR for lITIgatIOn reqUIrements by the Zarqa CaITIers
(ZC) I & II and by the KAC, as well as for power generatIOn

8 2 SImulatIOn of AlternatIves

Both the lITIgatIon alternatives and the multI-purpose alternatIve (lITIgatIOn and
power) were SImulated m thIS study The lITIgatIOn alternatives model the operatIOn of
the KTR to meet the several levels of downstream lITIgatIOn reqUIrements for ZC I 8..­
ZC II and the KAC All alternatives conSIder the eXlstmg powerplant at the KTD that
currently generates energy at a maXImum plant capaCIty of 6 MW (deSIgn dIscharge of
636 ems) The water IS released pnmarIly for lITIgatIOn use and secondanly for power
generatIOn AlternatIves modeled mcluded, m addItIOn to the hIstOrIcal mflow of
Zarqa RIver mto the KTR (these values already mclude some return flow, espeCIally
dUrIng the most recent years), addItIonal constant monthly mflows e<;tlmated at I and
2 ems and representmg future levels of M&I return flows Under all scenarIos of
monthly mflows (mcludmg the cunent estImated mflow) mto the KTR, the effects of
mereasmg eXlstmg lITIgatIOn reqUIrements along the KAC by 20 and 40 percent were
mvestIgated \ ,

The multI-purpose alternatIve models the operatIon of the KTR to meet the current ,
downstream lITIgatIOn reqUIrements of ZC I & II and along the KAC, wIllIe generatmg
energy at a new powerplant located ImmedIately upstream of the Abu Zelghan Wen
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In order to allow a power mstallatIOn at the Abu Zeighan WeIr m the order of
magmtude of the eXlstmg plant at KTD (a smaller mstallatIOn WIll not be, most
probably, economIcally attractive), thIS alternatlve was only modeled under the
assumption of a maxImum potential future M&I return flow of 3 5 cms added to the
hlstoncal mflow of the Zarqa RIver mto the KTR ThIS potential future addItIonal
mflow mto the reservOIr Will allow the delIvery ofa design dIscharge to the new plant
that Will be close to the one turbmed at the eXlstmg plant (6 35 cms), despIte upstream
dIverSIOns to the Zarqa CarrIers ScenarIOS WIth maxImum monthly average flow
reqUIrements for power generatIOn at the new plant of2 5 and 3 0 ems, m addItIon to
the monthly KAC IrngatIOn reqUIrements that are also aVaIlable for turbmmg
(maximum monthly reqUIrement for KAC IS about 1 5 cms), were sImulated Zarqa
Carners reqUIrements were mamtamed constant at the current level

8 3 SImulatIOn Input

Input mto the simulatIOn mcludes reservOIr mflow, mtervemng flow, IrngatIOn
reqUIrements, evaporatIOn data, and the reservOIr capacity curve

8 3 1 ReservOir Inflow

The estimated hlstoncal monthly streamflow data (see SectIOn 4 2 2) m the Zarqa
RIver at KTD for the penod of water years 1954 to 1994 are lIsted m Table 4 2

8 3 2 Intervenmg Flow

For reservOIr operatIOn Shldy, mtervenmg flows between KTD and the Thahab WeIr
are reqUIred These are lIsted m Table 4 4

8 3 3 IrrIgatIon ReqUIrements

lITIgatIOn reqUIrements wele computed [10m aVaIlable measured flows dIverted
through the ZC I & ZC II pIpes and through the KAC Measured flows were aVailable
from August 1993 to January 1995 The flows conveyed through ZC I & ZC II pIpes
were combmed When more than one monthly reqUIrement was avmlable, ma\.lmum
monthly values were used as lITIgatIOn reqUIrement m thIS study The monthly
lITIgatIOn reqUIrement used for ZC I & II (combmed), and the KAC are
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The reservOIr voIume-area-eIevatIOn relatIOnslup used m the SImulatIOn IS shown
below

The mean monthly net reservOIr evaporatIOn (total evaporatIOn mmus ramfall) used m
the SImulatIOn IS shown below

Aug Sep
261 197281

JuI

Aug Sep Annual

235 259
May Jtm

48 156
Mar AprFeb

10109 -5 -23
Nov Dec Jan

149
Oct

35

ReservOIr CapaCIty Curve

Clevatlon 74 120 123 130 135 140 145 150 155 160 164 170 1735 175 [80

(m)

Volume 0 66 8 12 15 19 24 30 37 45 52 64 72 756 88
6 ;

(10 m )

Are1 0 410 500 'i90 725 875 1025 122) 1525 1675 1875 2125 2340 2450 2800
3 1

(10 m)

8 3 5 ReservOIr CapaCIty Curve

ZCI &ZCII

Net EvaporatIOn (mm)

Nov Dee Jan Feb Mar Apr May Jun Jul

8 3 4 EvaporatIOn

lITIgatIOn Reqmrements (ems)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

8 4 SImulatIon Results

8 4 1 IrrigatIOn AlternatIves

Table 8 1 presents summarIes of average flows avmlable for ZC I & II combmed, and
KAC, for the scenanos modeled for the ImgatIOn alternatIve reqUIrements The
average spIlls from KTD and the percent of tIme that IrngatIOn reqUIrement was met
WIthout shortage are also tabulated In Table 8 1 The spIll can be consIdered as flow
avmlable for the proposed Karamah ReservOIr downstream of the Abu Zeighan WeIr
The results mdicated that by addmg a M&I return flow of 1 cms to the hIstorIcal
streamflow, the percent of tIme With no shortage would Increase from 68% to 94% If
observmg current KAC reqUIrements Under thIS same scenarIO ofthe addItIOnal 1
ems return flow mto the KTR, even a 140 percent Increase m the ImgatlOn
reqUIrements along KAC would correspond to a very satIsfactory delIvery for
ImgatIOn to ZC I & II and KAC (87 percent of the tIme) If the addItional M&I return
flow IS Increased to 2 ems, the combmed ZC I & ZC II reqrurement and the eXIstmg
(100 percent) and Increased (120 and 140 percent) KAC reqUIrements can be met
WIthout shortage (99 percent of the tIme under the hIghest demand)

TABLE 8 1

SUMMARY OF AVAILABLE FLOW
PERIOD WY 1954-1994

AVERAGE AVAIL FLOW (eMS)

KAC ZC I & ZC II KA CANAL

ADDITIONAL INFLOW TO KTD ADDITIONAL INFLOW TO KTD

USE + 0 CMS + 1 CMS + 2 CMS + 0 CMS + 1 CMS + 2 CMS

100 % 1 50 1 80 1 83 063 095 1 01

120 % 1 46 1 79 1 83 070 1 10 1 21

140 % 1 42 1 78 1 83 076 1 22 1 40

KAC KARAMAH RESERVOIR (CMS) TIME WITHOUT SHORTAGE

ADDITIONAL INFLOW TO KTD ADDITIONAL INFLOW TO KTD

USE + 0 CMS + 1 CMS + 2 CMS + 0 CMS + 1 CMS + 2 eMS

100 % 019 053 1 41 68 % 94 % 100 %

120 % 017 039 1 21 63 % 91 % 100 %

140 % 016 030 1 03 59 % 87 % 99 %
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TABLE 82

SUMMARY OF SHORTAGES
PERIOD WY 1954-1994

AVERAGE SHORTAGE FLOW (CMSl

KA ZC I & ZC" KAC

CANAL ADDITIONAL INFLOW TO KTD ADDITIONAL INFLOW TO KTD

USE + 0 CMS + 1 CMS + 2 CMS + 0 eMS + 1 CMS + 2 CMS

100 % 033 003 000 038 006 000

120 % 037 004 000 052 o 11 000

140 % 041 005 000 066 020 001

AVERAGE SHORTAGE FLOW (%l

KA ZC 1& ZC" KAC

CANAL ADDITIONAL INFLOW TO KTD ADDITIONAL INFLOW TO KTD

USE + 0 CMS + 1 CMS + 2 CMS + 0 CMS + 1 eMS + 2 CMS

100 % 15 2 0 31 5 0

120 % 17 2 0 35 8 0

140 % 19 2 0 38 11 1

The correspondmg shortages (mostly for the eXIstmg SItuatIOn and for the 1 ems
addItIOnal mflow mto the KTR), are summarIzed 10 Table 8 2 for the combmed ZC I
& II and KAC The correspondmg detaIled monthly shortages are lIsted m Table 8 3
through Table 8 8 for three relevant scenanos no additIOnal mflow mto KTR WIth
100% and 120% of KAC lITIgatIOn reqUIrement, and 1 ems additIOnal M&I return
mflow mto KTR WIth 120% KAC reqUIrement These tables show the shortage
distnbutIOn over the total sImulatIOn penod ofwater years from 1954 to 1994
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Table 83

I MONTHLY SHORTAGE FOR ZC I AND ZC II {CMS)

I
YEAR OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP ANNUAL

1954 000 000 000 000 000 000 000 000 000 000 000 000 000
1955 000 000 000 000 000 000 000 000 000 000 000 143 o 12

I 1956 1 19 000 000 000 000 000 a 00 000 064 072 085 1 25 039
1957 123 083 000 000 000 000 000 000 000 000 000 000 017
1958 000 000 000 000 000 000 000 000 0 00 000 048 1 14 013

I 1959 1 19 076 069 000 000 000 000 000 000 045 113 1 35 046
1960 1 38 087 054 000 000 000 062 1 78 1 51 1 60 1 28 158 093
1961 1 70 087 047 000 000 000 000 000 000 1 34 1 35 1 70 062

I
1962 143 a 18 000 000 000 000 000 000 000 000 000 004 a 14
1963 1 19 068 021 000 000 000 000 000 000 000 000 123 028
1964 033 000 000 000 a00 000 000 000 000 000 000 000 003
1965 000 077 000 000 000 000 a 00 000000 000 000 000 006

I 1966 000 000 a 00 000 000 000 000 000000 000 000 000 000
1967 147 056 000 000 000 000 000 000000 000 089 1 31 035
1968 147 108 000 000 000 000 000 000000 a00 000 000 021

I
1969 107 000 002 000 000 000 000 000 000 000 000 000 009
1970 000 000 000 000 000 000 000 000000 047 007 022 006
1971 1 21 062 030 000 000 000 a 00 000 000 000 a 13 I 98 035
1972 1 66 092 000 a 00 000 000 000 000 1 72 1 65 1 54 I 87 078

I 1973 197 079 123 000 000 000 054 1 70 1 32 140 1 53 1 94 103
1974 201 048 088 000 000 000 000 000 000 000 000 000 028
1975 000 000 000 000 000 000 000 000000 000 049 207 021

I 1976 2 16 1 14 068 000 000 000 000 000 147 1 50 1 60 1 98 088
1977 196 127 1 11 000 a00 000 057 1 88 1 76 1 81 1 78 210 1 19
1978 110 136 000 000 000 000 009 1 98 1 94 1 91 1 92 223 1 04

I
1979 222 1 61 078 000 000 a 15 1 97 225 1 91 I 91 1 78 208 1 39
1980 027 000 000 a 00 000 a 00 000 000 000 000 000 000 002
1981 000 000 000 000 000 000 000 000 000 000 000 000 000
1982 000 000 000 000 000 000 000 000000 000 000 068 006

I 1983 121 013 049 000 000 000 000 000000 000 000 000 a 15
1984 000 000 000 000 000 000 000 000 000 000 000 020 002
1985 089 000 000 000 000 000 000 000 000 000 000 I 70 022

I 1986 1 67 1 01 061 000 000 000 000 078 1 18 113 1 28 1 44 076
1987 1 36 000 000 000 000 000 000 000 009 1 24 1 35 1 62 047
1988 000 000 000 000 000 000 000 000000 000 000 000 000

I
1989 000 000 000 000 000 000 000 000 000 000 000 000 000
1990 000 000 000 000 a00 000 000 000000 000 067 110 o 15
1991 1 09 045 024 000 000 000 000 000000 009 088 1 19 033
1992 1 03 010 000 000 000 000 000 000 000 000 000 000 009

I 1993 000 000 000 000 000 000 000 000 000 000 000 a 00 000
1994 000 000 000 000 000 000 000 000 000 000 000 000 000

I
AVE OM O~ OW 000 000 000 OM 025 033 042 051 086 033

NOTE NO ADDITIONAL RETURN FLOW 100 PERCENT OF CANAL USE

I
I
I
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Table 8 4

MONTHLY SHORTAGE FOR KAC (eMS)

I
YEAR OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP ANNUAL

1954 000 000 000 000 000 000 000 000 000 000 000 000 000
1955 000 000 000 000 000 000 000 000 000 000 049 1 50 o17

I 1956 158 000 000 000 000 000 000 067 I 16 099 1 II I 50 058
1957 158 124 025 000 000 000 000 000 000 000 000 000 026
1958 000 060 051 a 00 000 000 000 a 00 000 000 III 1 50 031

I 1959 158 124 075 000 000 000 000 000 000 099 III 1 50 060
1960 158 124 075 000 000 000 148 1 28 1 16 099 1 11 1 50 092
1961 158 124 075 000 000 000 000 000 054 099 1 11 150 064

I
1962 158 124 000 000 000 000 000 000 000 000 000 I 50 036
1963 1 58 1 24 075 000 000 000 000 000 000 000 000 1 50 042
1964 158 066 000 000 000 000 000 000 000 000 000 000 o 19
1965 022 124 000 000 000 000 000 000 000 000 000 000 a 12

I 1966 000 000 000 000 000 000 000 000 000 000 000 1 01 008
1967 158 124 000 000 000 000 000 000 000 000 1 11 150 045
1968 158 124 000 000 000 000 000 000 000 000 000 000 024

I 1969 1 58 087 075 000 000 000 000 000 000 000 000 000 027
1970 000 000 000 000 000 000 000 000 000 099 1 11 1 50 030
1971 1 58 1 24 075 000 000 000 000 000 000 000 1 11 1 50 052

I
1972 1 58 1 24 000 000 000 000 000 057 1 16 099 111 1 50 068
1973 158 1 24 075 000 000 000 148 1 28 1 16 099 1 11 1 50 092
1974 158 1 24 075 000 000 000 000 000 000 000 000 000 030
1975 000 000 000 000 000 000 000 000 000 000 III 150 022

I 1976 1 58 124 075 000 000 000 000 005 1 16 099 1 11 1 50 070
1977 1 58 1 24 075 000 000 000 148 1 28 1 16 099 1 11 150 092
1978 158 1 24 063 000 000 000 148 1 28 1 16 099 III 150 o91

I
1979 1 58 1 24 075 OlD 009 059 148 1 28 1 16 099 III I 50 099
1980 1 58 000 000 000 000 000 000 000 000 000 000 000 013
1981 000 000 000 000 000 000 000 000 000 000 000 000 000
1982 000 000 000 000 000 000 000 000 000 000 000 1 50 o 12

I 1983 1 58 1 24 075 000 000 000 000 000 a00 000 000 000 030
1984 000 000 000 000 000 000 000 000 000 000 000 1 50 a 12
1985 158 000 000 000 000 000 000 000 000 000 022 150 028

I 1986 158 1 24 075 000 000 000 000 1 28 1 16 099 1 11 150 080
1987 1 58 000 000 000 000 000 000 000 1 16 099 111 1 50 053
1988 000 000 000 000 000 000 000 000 000 000 a 00 000 000

I
1989 000 000 000 000 000 000 000 000 000 000 000 000 a 00
1990 a 18 1 03 000 000 000 000 000 000 000 086 1 11 1 50 039
1991 1 58 1 24 075 000 000 000 000 000 000 099 1 II 150 060
1992 158 1 24 000 000 000 000 000 000 000 000 000 000 024

I 1993 a 00 000 000 a 00 000 000 000 000 000 000 000 000 000
1994 000 000 000 000 000 000 000 000 000 000 000 000 000

I Ave 1 01 071 029 000 000 001 a 18 022 030 036 053 094 038

NOTE NO ADDITIONAL RETURN FLOW 100 PERCENT OF CANAL USE

I
I
I
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Table 85

MONTHLY SHORTAGE FOR ZC I & ZC II (CMS)

I
YEAR OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP ANNUAL

1954 000 000 000 000 000 000 000 000 000 000 000 000 000
1955 000 000 000 000 000 000 000 000 000 012 1 31 143 024

I 1956 1 19 000 000 000 000 000 000 027 064 072 085 125 041
1957 1 23 083 000 000 000 000 000 000 000 000 000 000 017
1958 000 014 000 000 000 000 000 000 000 000 096 I 14 o 19

I 1959 1 19 076 069 000 000 000 000 000 000 100 113 135 051
1960 1 38 087 054 000 000 000 083 1 78 1 51 1 60 1 28 158 095
1961 1 70 087 047 000 000 000 000 000 014 1 34 1 35 1 70 063

I
1962 143 o 18 000 000 000 000 000 000 000 000 000 094 021
1963 1 19 068 021 000 000 000 000 000 000 000 000 I 3I 028
1964 033 000 000 000 000 000 000 000 000 000 000 000 003
1965 043 077 000 000 000 000 000 000 000 000 000 000 010

I 1966 000 000 000 000 000 000 0_00 000 0.00 000 051 1 51 017
1967 147 056 000 000 000 000 000 000 000 000 1 13 1 31 037
1968 147 108 000 000 000 000 000 000 000 000 000 000 021

I
1969 I 30 000 002 000 000 000 000 000 000 000 000 000 011
1970 000 000 034 000 000 000 000 000 026 076 007 022 014
1971 1 21 062 030 000 000 000 000 000 000 000 1 28 1 98 045
1972 1 66 092 000 000 000 000 000 000 172 1 65 1 54 I 87 078

I 1973 197 079 I 23 000 000 000 075 1 70 1 32 1 40 153 I 94 105
1974 2 01 048 088 000 000 000 000 000 000 000 000 000 028
1975 000 000 000 000 000 000 000 000 000 079 1 76 207 038

I 1976 2 16 1 14 068 000 000 000 000 000 147 150 I 60 1 98 088
1977 1 96 1 27 111 000 000 000 078 1 88 1 76 1 81 I 78 210 1 20
1978 110 1 36 000 000 000 000 030 1 98 1 94 1 91 1 92 223 106

I
1979 222 1 61 078 000 000 o15 1 97 225 1 91 1 91 1 78 208 1 39
1980 027 000 000 000 000 000 000 000 000 000 000 000 002
1981 000 000 000 000 000 000 000 000 000 000 000 000 000
1982 000 081 087 000 000 000 000 000 000 000 000 1 65 028

I 1983 1 21 013 049 000 000 000 000 000 000 000 000 000 o 15
1984 000 000 000 000 000 000 000 000 000 000 102 144 020
1985 089 000 000 000 000 000 000 000 000 000 064 1 70 027

I 1986 1 67 1 01 061 000 000 000 000 1 28 1 18 I 13 1 28 144 080
1987 1 36 000 000 000 000 000 000 000 125 124 1 35 1 62 057
1988 000 000 000 000 000 000 000 000 000 000 000 000 000

I
1989 000 000 000 000 000 000 000 000 000 000 000 000 000
1990 1 15 000 000 000 000 000 000 000 000 061 067 110 029
1991 1 09 045 024 000 000 000 000 000 000 085 088 I 19 039
1992 1 03 010 000 000 000 000 000 000 000 000 000 000 009

I 1993 000 000 000 000 000 000 000 000 000 000 000 000 000
1994 000 000 000 000 000 000 000 000 000 000 000 000 000

I AVE 091 a 43 a 23 a 00 0 00 0 00 0 11 o27 0 37 0 50 0 67 0 98 037

NOTE NO ADDITIONAL FLOW 120 PERCENT or CANAL USE

I
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Table 8 6

MONTHLY SHORTAGE FOR KAC (CMS)

I
YEAR OCT NOV DEC JAN FEB MAR APR MAY !UN JUL AUG SEP ANNUAL

1954 000 000 000 000 000 000 000 000 000 000 000 000 000
1955 000 000 000 000 000 000 000 000 000 1 19 1 33 1 80 036

I 1956 1 90 000 000 000 000 000 000 154 1 39 1 19 1 33 1 80 076
1957 1 90 149 040 000 000 000 000 000 000 000 000 000 031
1958 1 21 1 49 066 000 000 000 000 000 000 067 1 33 1 80 060

I 1959 1 90 149 090 000 000 000 000 000 042 1 19 1 33 1 80 075
1960 1 90 1 49 090 000 000 000 1 78 154 1 39 1 19 1 33 180 1 11
1961 1 90 149 090 000 000 000 000 000 1 39 1 19 1 33 1 80 083

I
1962 1 90 1 49 000 000 000 000 000 000 000 000 064 1 80 048
1963 1 90 149 090 000 000 000 000 000 000 000 1 29 1 80 061
1964 1 90 091 000 000 000 000 000 000 000 000 000 000 023
1965 1 90 1 49 000 000 000 000 000 000 000 000 000 000 028

I 1966 000 000 000 000 000 000 000 000 000 000 1 33 1 80 026
1967 1 90 149 012 000 000 000 000 000 000 094 1 33 1 80 063
1968 1 90 1 49 000 000 000 000 000 000 000 000 000 1 61 042

I 1969 190 1 12 090 000 000 000 000 000 000 000 000 000 033
1970 000 o 18 090 000 000 000 000 000 1 39 1 19 1 33 1 80 056
1971 1 90 149 090 000 000 000 000 000 000 000 1 33 1 80 062
1972 1 90 1 49 000 000 000 000 000 147 1 39 1 19 1 33 1 80 088

I 1973 1 90 1 49 090 000 000 000 1 78 1 54 139 1 19 1 33 1 80 III
1974 1 90 1 49 090 000 000 000 000 000 000 000 000 000 036
-1975 000 000 000 000 000 000 000 000 000 1 19 1 33 1 80 036

I 1976 1 90 1 49 090 000 000 000 000 080 1 39 1 19 1 33 1 80 090
1977 1 90 1 49 090 000 000 000 1 78 154 139 1 19 133 1 80 1 11
1978 1 90 149 078 000 000 000 1 78 1 54 1 39 1 19 1 33 1 80 110

I
1979 1 90 149 090 o 13 o 15 071 1 78 154 1 39 1 19 1 33 1 80 1 19
1980 1 90 000 000 000 000 000 000 000 000 000 000 000 o 16
1981 000 000 000 000 000 000 000 000 000 000 000 000 000
1982 000 1 49 090 000 000 000 000 000 000 000 083 1 80 042

I 1983 1 90 149 090 000 000 000 000 000 000 000 000 000 036
1984 000 000 000 000 000 000 000 000 000 008 1 33 1 80 027
1985 1 90 000 000 000 000 000 000 000 000 000 1 33 1 80 042

I 1986 1 90 1 49 090 000 000 000 000 1 54 1 39 1 19 1 33 1 80 096
1987 1 90 000 000 000 000 000 000 001 1 39 1 19 1 33 1 80 063
1988 000 000 000 000 000 000 000 000 000 000 000 000 000

I
1989 000 000 000 000 000 000 000 000 000 000 000 1 20 010
1990 1 90 128 000 000 000 000 000 000 038 1 19 1 33 1 80 066
1991 1 90 1 49 090 000 000 000 000 000 020 1 19 1 33 1 80 073
1992 1 90 I 49 000 000 000 000 000 000 000 000 000 000 028

I 1993 000 000 000 000 000 000 000 000 000 000 000 000 000
1994 000 000 000 000 000 000 000 000 000 000 000 000 000

I AVE 1 32 092 040 001 000 002 021 031 043 053 082 1 21 052

NOTE NO ADDITIONAL FLOW 120 PERCCNT OF CANAL USE
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Table 8 7

MONTHLY SHORTAGE FOR ZC ( & ZC n (CMS)

I
YEAR OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP ANNUAL

1954 000 a00 000 000 000 000 000 000 000 000 000 000 000
1955 000 a00 000 000 000 000 000 000 000 000 000 000 000

I 1956 000 000 000 000 000 000 000 000 000 000 000 000 000
1957 000 000 000 000 a00 000 000 000 000 000 000 000 000
1958 000 000 a00 000 000 000 000 000 000 000 000 000 000

I 1959 000 000 000 000 000 000 a 00 000 a 00 000 000 000 000
1960 000 a 00 000 000 000 000 a 00 000 000 000 000 000 000
1961 000 000 000 000 000 000 000 000 000 000 000 000 000

I
1962 000 000 000 000 000 000 000 000 000 000 000 000 000
1963 000 000 000 000 000 000 000 000 000 000 000 000 000
1964 000 000 000 000 000 000 000 000 000 000 000 000 000
1965 000 000 000 000 000 000 000 000 000 000 000 000 000

I 1966 000 000 000 000 000 000 000 000 000 000 000 000 000
1967 000 000 000 000 000 000 000 000 000 000 000 000 000
1968 000 000 000 000 000 000 000 000 000 000 000 000 000

I 1969 000 000 000 000 000 000 000 000 000 000 000 000 000
1970 000 000 000 000 000 000 000 000 000 000 000 000 000
1971 000 000 000 000 000 000 000 000 000 000 000 000 000

I
1972 000 000 000 000 000 000 000 000 000 000 000 000 000
1973 000 000 000 000 000 000 000 000 000 000 053 094 o 12
1974 1 01 000 000 000 000 000 000 000 000 000 000 000 008
1975 000 000 000 000 000 000 000 000 000 000 000 000 000

I 1976 000 000 000 000 000 000 000 000 000 000 000 000 000
1977 000 000 all 000 000 000 000 000 076 081 078 110 030
1978 010 036 000 000 000 000 000 000 048 091 092 1 23 033

I
1979 1 22 061 000 000 000 000 000 1 25 096 093 070 1 08 056
1980 000 000 000 000 000 000 000 000 000 000 000 000 000
1981 000 000 000 000 000 000 000 000 000 000 000 000 000
1982 000 000 000 000 000 000 000 000 000 000 000 000 000

I 1983 000 000 000 000 000 000 000 000 000 000 000 000 000
1984 000 000 000 000 000 000 000 000 000 000 000 000 000
1985 000 000 000 000 000 000 000 000 000 000 000 000 000

I 1986 000 000 000 000 000 000 000 000 000 000 000 000 000
1987 000 000 000 000 000 000 000 000 000 000 000 000 000
1988 000 000 000 000 000 000 000 000 000 000 000 000 000

I
1989 000 000 000 000 000 000 000 000 000 000 000 000 000
1990 000 000 000 000 000 000 000 000 000 000 000 000 000
1991 000 000 000 000 000 000 000 000 000 000 000 000 000
1992 000 000 000 000 000 000 000 000 000 000 000 000 a 00

I 1993 000 000 000 000 000 000 000 000 000 000 000 000 000
1994 000 000 000 000 000 000 000 000 000 000 000 000 000

I AVE 006 002 000 000 000000 000 003 005 006 007 0 11 003

NOTE 1 CMS ADDITIONAL RETURN FLOW 100 PERCENT OF CANAL USE
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Table 8 8

I MONTHLY SHORTAGE FOR KAC (eMS)

I
YEAR OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP ANNUAL

1954 000 000 000 000 000 000 000 000 000 000 000 000 000
1955 000 000 000 000 000 a00 000 000 000 000 000 000 000

I 1956 000 000 000 000 000 000 000 000 000 000 000 000 000
1957 000 000 000 000 000 000 000 000 000 000 000 000 000
1958 000 000 000 000 000 000 000 000 000 000 000 000 000

I
1959 000 000 000 000 000 000 000 000 000 a00 a00 000 000
1960 000 000 000 000 000 000 000 000 000 000 000 0 00 000
1961 000 000 000 000 000 000 000 000 000 000 000 000 000
1962 1 26 042 000 000 000 000 000 000 000 000 000 000 o 14

I 1963 a00 000 000 000 000 000 000 000 000 000 000 000 000
1964 000 000 000 000 000 000 000 000 000 000 000000 000
1965 000 000 000 000 000 000 000 000 000 000 000 000 000

I 1966 000 000 000 000 000 000 000 000 000 000 000 000 000
1967 000 000 000 000 000 000 000 000 000 000 000 000 000
1968 000 000 000 000 000 000 000 000 000 000 000 000 000

I
1969 000 000 000 000 000 000 000 000 000 000 000 000 000
1970 000 000 000 000 000 000 000 000 000 000 000 000 000
1971 000 000 000 000 a 00 000 000 000 000 a00 000 000 000
1972 000 000 000 000 000 000 000 000 000 000 000 000 000

I 1973 000 000 000 000 000 000 000 000 000 015 1 11 1 50 023
1974 1 58 072 063 000 000 000 000 000 000 000 000 000 024
1975 000 000 000 000 000 000 000 000 000 000 000 000 000

I 1976 000 000 000 000 000 000 000 000 000 000 000 000 000
1977 000 006 075 000 000 000 000 029 1 16 099 111 1 50 049
1978 1 58 1 24 000 000 000 000 000 000 1 16 099 1 11 150 063

I
1979 1 58 1 24 053 000 000 000 041 1 28 1 16 099 111 150 082
1980 085 000 000 000 000 000 000 000 000 000 000 000 007
1981 000 000 000 000 000 000 000 000 000 000 000000 000
1982 000 000 000 000 000 000 000 000 000 000 000 000 000

I 1983 000 000 000 000 000 000 000 000 000 000 000 000 000
1984 000 000 000 000 000 000 000 000 000 000 000 000 000
1985 000 000 000 000 000 000 000 000 000 000 000000 000

I
1986 000 000 000 000 000 000 000 000 000 000 000000 000
1987 000 000 000 000 000 000 000 000 000 000 000000 000
1988 000 000 000 000 000 000 000 000 000 000 000 000 000
1989 000 000 000 000 000 000 000 000 000 000 000000 000

I 1990 000 000 000 000 000 000 000 000 000 000 000 000 000
1991 000 000 000 000 000 000 000 000 000 000 000 000 000
1992 000 000 000 000 000 000 000 000 000 000 000 000 000

I 1993 000 000 000 000 000 000 000 000 000 000 000000 000
1994 000 000 000 000 000 a00 000 000 000 000 000 000 000

I
AVE o 17 0 09 0 05 0 00 0 00 0 00 a 01 o04 0 08 0 08 a 11 o 15 006

NOTE I CMS ADDITIONAL RETURN FLOW 100 PERCENT OF CANAL USC
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8 4 2 The Multi-Purpose AlternatIve

SimulatlOn results show that for an addItIonal monthly InflOW mto the KTR of 3 5
cms and a monthly power flow reqUirement of3 0 cms (not mcludmg KAC lITIgatIOn
reqmrements that are also aVaIlable for turbmmg), the aVaIlable monthly flow
KAC/Power amounts to 3 71 ems dUrIng 85 percent of the sImulatIOn perIod
(percentage computed on a monthly baSIS) Based on thIS figure, a maxImum dally
avmlable power flow of 7 5 ems was accepted as deSIgn dIscharge for the new
powerplant (thIS would mclude the maxImum KAC reqUIrement of 1 5 ems, or even
more on a daIly baSIS) To obtam the reqUIred flow for lITIgatIOn along the KAC
(downstream of the turbmes) on a constant baSIS for several hours each day, a re­
regulatmg fresh water pond wIll be bUIlt at the Abu Zelghan WeIr m order to mtercept
the taIlrace of the powerplant Flows that wIll be addItIOnal to the KAC reqUIrements
Will be released by thIS pond m a mIxed regIme, perhaps all day long, to become
future mflow mto the Karamah ReservOIr

Table 89 summanzes the results of the SImulatIOn m the multI-purpose (lITIgatIOn
and power) alternatIve WIth an addItIOnal M&I return mflow mto the KTR of3 5
ems, the percent of tIme WIth no shortage IS about 94% and 85% for a monthly power
flow of 25 and 3 0 ems, respectIvely (not mcludmg KAC lITIgatIOn reqUIrements)
AVaIlable flows for KAC/Power are 341 ems and 371 ems, respectrvely Most of the
shortage occurred m the late 1970's when the reserVOIr mflow to KTR IS low The
correspondmg average monthly shortage IS about 010 and 0 30 ems
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Table 8 9

SUMMARY OF AVAILABLE FLOW AND SHORTAGE
MULTI-PURPOSE AtTERNATIVE

(PERIOD WY 1954-1994)

DESCRIPTION U/M LOCATION CASE I CASE II

ADDITIONAL INFLOW CMS KTR 35 35

AVE POWER REO s CMS ABU-ZEIGHAN PLANT 25 30

AVE AVAILABLE FLOW CMS ZC 1& ZC II 1 83 1 83

AVE AVAILABLE FLOW CMS KAC / POWER 341 371

AVE AVAILABLE FLOW CMS KARAMAH 053 025
RESERVOIR

AVERAGE SHORTAGE eMS ZC I & ze II 000 000

AVERAGE SHORTAGE CMS KAC / POWER o 10 030

AVERAGE SHORTAGE (%) ZC I & ze II 0 0

AVERAGE SHORTAGE (%) KAe / POWER 3 7

PERIOD OF (%) KAC / POWER 94 85
TIME WITHOUT

SHORTAGE
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9 CONCEPTUAL DESIGN FOR 1HE IDENTIFIED ALTERNATIVES

DetaIls of the variOUS alternatIves IdentIfied In the Scope of Work and theIr evaluatiOn
for mchisiOn m the conceptual desIgn phase IS presented In Chapter 7 As a result of
tIllS evaluatiOn, whIch consIsted of a qualttative screenmg, two total-solutiOn
alternatIves and two features that could be combmed wIth the total-solutlOn
alternatives were accepted and developed mto five feasIble alternatives for a
conceptual desIgn companson These five feasIble alternatIves are

AlternatIve IRRI - A 7 2 km-Iong closed conveyance from the Thahab mtake
to the Abu Zeighan canal

Alternative IRR2 - Use of the eXIstmg ZC II pIpe to convey water to a
bIfurcatiOn where a new pipe wIll convey It to the Abu Zelghan WeIr

Alternative IRR3a - A pIpe conveyance to by-pass the Hwaret - Abu Zelghan
cntIcal reach

AlternatIve IRR3b - A combmatIOn canal! pipe conveyance to by-pass the
Hwaret - Abu Zelghan cntrcal reach

The power AlternatIve (POW) - A power addItIOn for alternatrve 1RRI

The conveyance desIgn was estImated to be 4 5 ems MaxImum monthly values of
246 ems and I 58 ems were determmed for the current lITIgatiOn reqUIrements of the
Zarqa Carners and KAC, respectIvely Part of the new M&I returns mto the KTR
were conSIdered to allow a 40 percent growth for consumers along the KAC ThIS
addItiOn bnngs the total maximum monthly reqUIrement to some 4 7 cms downstream
the KTD A 50 percent addItIOn to thIS value, for a total of7 0 cms, would normally
represent a maximum dally reqUIrement and IS In the range of the desIgn discharge of
the eXlstmg powerplant at KTD (638 cm<;) As mentIOned above m the reservOIr
operatiOn study findmgs, for additIonal mflows mto KTR carryIng between 1 and 2
ems at the average monthly level, these requllements wIll expenence only lImIted
shortages (never higher than 11 percent m volume), for between 13 and 1 percent of
time

After subtractmg 2 5 cms that wIll be diverted through the Zarqa Camers from the
dally reqUIrement, the remammg discharge of 4 5 cms was adopted

9 1 AItei native IRR!

The purpose of Alternative IRRI IS to expand the mtake for Camer Pipes I and II to
accommodate a third pipe which wIll be used to convey water released from the KTD
around the area of saline "prmgs and seeps ThIS alternative WIll elnmnate the
potential for loss m the entire reach between Thahab WeIr and Abu Zeighan WeIr and
Improve the qualIty ofwatel dIverted to the KAC
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9 1 1 AlternatIve DescnptIon

A new ductIle Iron pIpe WIth an llltemal dIameter (ID) of 14m would extend from the
Thahab WeIr llltake 72 kIlometers to the Abu Zelghan WeIr, by-passlllg the eXlstlllg
desanders at Thahab

Llmltlllg remforced-concrete demohshmg and rebUIldmg work behllld a stone and
sand cofferdam WIll be reqUIred to extend the mtake front AddItIOnal trashracks and
a control structure WIll be mstalled at the new openmg At thIS time, It was assumed
that there IS no need for addItIOnal desandmg faCIlIties at the mtake, based on the
mformatIOn that current consumers along the KAC have operatIOnal settlmg basms at
the correspondmg pumpmg statIons It IS recommended that the capaCIty and phYSical
condItIOn of these faCIlItIes be checked at the next study phase If there WIll be a need
to mcorporate a large settlmg basm at the mtake, m parallel to the eXlstmg faCIlItIes,
prelImmary computatIOns based on the control ofa mmlmum SIze sand partIcle of 0 2
mm show that a new separate basm (connected to the eXlstmg forebay and havmg ItS
own upstream and downstream controls), would have to have a cross section of about
40 to 50 m Width and 35m depth (the length of 48 m of the eXlstmg desanders IS
more than adequate) SIte mspectIOn mdlcated that there IS enough space to add thIS
new basm on the left SIde (lookmg downstream) of the eXlstmg ones

A new pIpe WIth 14m ID wIll connect the Thahab mtake to the settlmg basms
eXlstmg (extended) forebay The two eXlstmg 900 mm pIpes WIll contmue to supply
the Valley for the needs of ZC I and ZC II (a maXImum of about 2 5 ems) The
conveyance capaCIty from the weIr to the desander (mtake and connectmg pIpes
between llltake and desanders) WIll have to be checked, IncludIng venficatIon of the
vorte'\: submergence for the pIpe that connects to the new desander (maXImum flow of
about 4 5 cms, maxImum velOCIty ofabout 2 9 mps) The 7-km long ductIle Iron pIpe
WIll have a thIckness of 7 mm

The pIpe WIll reqUIre energy dISSIpatIOn valves before releasmg mto the Abu Zelghan
Canal In the current configuratIOn, two BaIley PolYJet valves were mcorporated In a
parallel mstallatIOn Just upstream of the canal As WIth the ZC II pIpe, the new pIpe
WIll be mostly buned and mIght have VIaduct and/or syphon alIgnments, dependIng
on the selected route Drawmg 1 presents plan VIews and sectIOns of tlus alternatIve

9 1 2 Hydrauhc ConSIderatIOn

As mentIOned preViously, the deSIgn dIscharge IS estImated to be 4 5 ems The gross
head of thIS mstallatIOn between the Thahab WeIr and the Abu Zelghan Canal
amounts to about 121 5 m Total losses (fnctIOn losses plus a 10 percent addItion for
local losses) reach 301m and the valves wIll have to dISSIpate 91 4 m of head at the
Abu Zeighan outlet E'Xhibit 9 1 presents the hydraulIc parameters of thIS
configuratIOn
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9 1 3 Other ConsIderatIOns

At thIS time, even If additIOnal return flows hIgher than 2 ems are expected to be
dIscharged m the future, recent mformatIOn from the Mmistry of Water and IrngatIOn
revealed that these volumes are mtended to be used for lnlgatIOn m the hIghlands and
wIll not reach KTR However, should the aVailabIlIty offlows entenng KTR mcrease
m the future, the selected 14m ID ductIle Iron conveyance has the capabIlIty of
transportmg up to 5 5 cms (velocIty of about 3 5 mps) and the dIsSIpatIOn eqUIpment
WIll only have to be adjusted downwards, whIch IS perfectly feaSIble with the Bailey
valves and IS actually common practIce

9 2 AlternatIve IRR2

ThIS alternatIve makes use of the eXlstmg Carner PIpe II faCIlItIes over a major reach
of the bypass m an attempt to reduce costs and limIt EnVIronmental Impact As for
AlternatIve lRRI, It WIll ellmmate the potentIal for loss m the entIre reach between
Thahab and the Abu Zeighan WeIr and Improve the qualIty of water dIverted to the
KAC

921 Alternatrve DeSCriptIOn

ThIS alternatIve mcorporates the eXlstmg ZC II pIpe (1 5 mID) mto the conveyance
work.s along the first five kIlometers In thiS reach ZC II WIll convey the KAC
IrngatIOn reqUIrements m addItIOn to the eXlstmg flow currently delIvered to the
carrIer consumers

The mtake at Thahab Weir WIll be expanded WIth the addItIOn of a new opemng,
trashrack, and control (slIde gate) Because current ZC II consumers do not have
settlmg basms, thIS alternatIve also ImplIes the expansIOn of the desander faCIlity
eXIstmg dOWI1stream of the weIr An addItIOnal pIpe WIll connect the mtake new
opemng to the expanded forebay at the desanders and the addItIOnal settlmg bay WIll
be connected to the fIver by enlargmg the eXIstmg canal that serves currently for
flushmg purposes

The bIfurcatIon of the ZC II pipelme to the leach of new pIpe WIll be located about 50
m dOWI1stream from the JunctIOn WIth an eXIstmg small pumpmg statIOn At tIm
pomt, a new 2 km-Iong ductIle Iron pIpe 14m ID WIll branch towards the Abu
Zeighan Canal where, after diSSipatIOn, WIll discharge a maximum of 45 ems From
the same Junction pomt, the ZC II pipe would contmue as IS today, to serve the
eXIstmg consumers AdditIOnal booster pumps Will have to be mstalled m a new
pumpmg statIon along the ZC II pIpe to make up for the head loss mcrement
generated by the larger flow conveyed from Thahab to the bIfurcatIOn pomt ThiS
alternative also Implies a certam InterruptIOn of lITIgatIOn water delIvery to consumers
currently served by the ZC II conveyance

For head diSSIpatIOn purposes, two parallel Bailey PolYJet valves are Incorporated III

the configmatIOn m a par.:t1lel arrangement Just upstream of the canal Drawmg 2
presents plan VIews and sectIOns ofthI5 alternative
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9 2 2 HydraulIc ConsIderatIOns

A dIscharge of 45 cms was adopted as desIgn dIscharge for the new branchmg pIpe
The eXIstmg carner ZC II Will transport a total of 6 3 cms (7 0 cms maXImum release
from KTD, mmus 07 cms that wIll flow through the ZC I pIpe), at a maxImum
velocIty of 3 7 mls that IS stIll acceptable, albeIt close to the upper hmlt for cement
Immg In the current SItuatIon, the head loss along the ZC II pIpe down to the eXlstmg
pumpmg statIOn (about the locatIon of the planned bIfurcatIOn) amounts to 061
m/km, resultmg In a net head of about 787 m For the new flow forced mto the
carrIer, the head loss mcreases to some 7 46 m/km, down to the bIfurcatIOn pomt,
resultmg m a reduced net head of44 5 m To make up for the reductIOn that mIght
harm eXlstmg ZC II consumers, a 1,200 HP booster pumpmg statIOn was mcorporated
mto the scheme Just downstream ofthe bIfurcatIOn pomt

The 2-km long, 14m ill branch pIpe WIll operate WIth a moderate velocIty of2 92
mps under a net head of 73 6 m that wIll have to be dIssIpated by the BaIley valves at
the Abu Zelghan landmg ExhIbIt 9 2 presents the hydrauhc parameters of thIS
configuratIOn

9 2 3 Other ConsIderatIOns

UnlIke AlternatIve IRR1, mcreased requIrements downstream of the KTD (along the
KAC) that could be theoretIcally covered by addItional return flows mto the reservOIr
hIgher than 2 cms, cannot be accommodated by the ZC II pIpe (the branch WIll stIlI be
able to convey addItIOnal flows), not to mentIOn the addItIonal mstallatlon reqUired m
the new pumpmg statIOn However, as mentIoned before, recent mformatIOn from the
MInIStry of Water and IrngatIOn revealed that any such addItIOnal volumes WIll be
used for IrngatIOn m the hIghlands and Will not reach KTR

9 3 AlternatIve IRR3a

ThIS alternatIve conveys water from the Hwaret WeIr to the Abu Zelghan canal It
accommodates the conclusIOns that the qualIty of the nver water, does not detenorate
nor IS there much gam or loss of water m the reach between the Thahab WeIr and the
Hwaret WeIr

9 3 1 AlternatIve DeSCrIptIOn

ThIS alternatIve mcludes an mtake at the eXlstmg Hwaret WeIr and, to supply the 45
cms flow from Hwaret WeIr to Abu Zelghan Canal, a 3 5-km long, 14m ID ductIle
Iron pIpe a<; the conveyance ImplementatIon of thIS alternatIve would reqUIre the
rehabIlItatIOn of the Hwaret WeIr and Its mtake and correspondmg controls, as well as
demohshmg, cleanng and grubbmg works at the weIr and along the nver close to the
mtake (weIr forebay and nver downstream of the weIr) Parts of the eXlstmg
dIsaffected canal that WIll block the pIpe alIgnment WIll also have to be demolIshed
The pIpe WIll cross the nvel m aqueduct
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As m the case of AlternatIve IRR1, a settlmg facIlIty was not mcorporated at the
Hwaret mtake based on the mformatIOn that current consumers along KAC have
operatmg settlmg basms at the local pumpmg statIons ThIS assumptIOn wIll have to
be venfied at the next design phase If the mstallatIOns at the current consumers prove
to have insufficIent capacItIes or If theIr phySIcal condItIOn IS not satIsfactory, a
settlmg basm could be Implemented at the Hwaret mtake If reqUlred, thiS basm wIll
have to have dImensIOns of40 m-Iong, 5 m-wIde, 35m-deep and wIll have to mclude
a flushmg path back to the flver

At the Abu Zelghan outlet, the pipe will reqUire energy dISSIpation valves before
releasmg mto the canal For thiS purpose, two BaIley PolYJet valves were
mcorporated m a parallel arrangementJust upstream of the canal As With the ZC II
pipe, the new pIpe WIll be mostly buned and mIght have Viaduct and/or syphon
reaches, dependmg on the selected route Drawmg 3 presents plan VIews and sectIOns
of thIS alternatIve For future deSIgn actIvity of this alternative and of correspondmg
rehabIlItatIOn works, a complete survey of the m-sltu structures m their current state
Will be reqUired Such survey wIll stIll be necessary even If the as-bUilt drawmgs of
the Hwaret weIr and of the conveyance canal are located (at the tIme of this report,
they were not aVaIlable)

9 3 2 HydraulIc ConsIderatIOns

A discharge of 4 5 ems was adopted as the deSign discharge for the conveyance The
gross head of thiS mstallatIOn between Hwaret Weir and Abu Zelghan Canal amounts
to about 56 m Total head losses (fnctIOn losses plus a 10 percent addItIOn for local
losses) reach some 146m aI1d the valves Will have to dISSipate 41 4 m of head at the
Abu ZeIghan landmg KxhlbIt 9 3 presents the hydraulIc parameters of thiS
configuratIOn

9 3 3 Other ConsIderatIOns

ThiS scheme Will not ehmmate any losses that might occur m the Zarqa channel
between the Thahab and Hwaret WeIrs, however, as the reach IS conSIdered to show
eithel 01 both gams and losses, the net result IS neutral At the present tIme,
contammatIOn does not seem to represent a problem along thiS reach

It IS also noted that even If addItIOnal return flows hIgher than 2 ems are expected to
be chscharged m the futUIe upstream ofKTD, recent mformatIOn from the MIl1lstry of
Watel and lITIgatIOn revealed that thiS volume WIll be used exclUSIvely for lITIgatIOn
m the hIghlands and wIll not enter KTR Should however the aVaIlablhty of Dows
entenng KTR mcrease m the future allowmg for reqUirements growth downstream of
the dam along KAC, the selected 14m IO ductile Iron conveyance has the capabllity
of transportmg up to 5 5 ems (VelOCIty of about 3 5 mps) and the dISSIpatIOn
eqUIpment WIll only have to be adjusted downwards, wl1lch IS perfectly feaSIble With
the Balley valves The mtake at Hwaret would have to be SIzed shghtly larger to
allow for dIscharge mcreases III the future
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94 AlternatIve IRR3b

ThIS alternative consIders the possIbIlIty of constructmg a combmed conveyance, part
canal and part pIpe, from the Hwaret WeIr to the Abu Zelghan Canal It WIll proVIde
for the same advantages as IRR3a

9 4 1 AlternatIve DescnptlOn

The mitIaI reach of the conveyance IS a 1 5 km-Iong canal that mIght mcorporate
rehabIlItated portIOns of the eXlstmg canal VlSltS at the SIte and exammatIOn of the
dIsaffected canal reaches suggested that most of the open conveyance WIll be a new
canal whose constructIOn WIll also Imply the demolIshmg of the eXIstmg structure To
supply the 4 5 ems flow to Abu ZeIghan Canal, a 2 O-km long, 14m ID ductile Iron
pIpe WIll connect WIth the open conveyance m a small forebay servmg as the pIpe
mtake and proVIdmg vortex protectIOn (a 3-m deep forebay should proVIde suffiCIent
submergence for the 14m ID pIpe) To consIder bUIldmg a canal m thIS second
stretch mstead of a closed condUIt IS a dIfficult propOSItIOn, as It would reqUIre the
mcorporatIOn of at least 10 to 12 drop structures along a 2-km alIgnment, raIsmg
sIgmficantly the cost of the alternatIve The scheme ImplementatIOn ImplIes the
rehabIlItatIOn of Hwaret WeIr and the mtake WIth the correspondmg controls, as well
as demolIshmg, cleanng and grubbmg works at the weIr and along the flver close to
the mtake (weIr forebay and flver downstream ofthe weIr) The pIpe WIll cross the
nver m aqueduct, wIll be mostly buned, and mIght have addItIOnal VIaduct and/or
syphon reaches, dependmg on the selected route

Settlmg faCIlItIes were not mcluded at the Hwaret mtake as It was assumed that
current operatmg desanders along the KAC have suffiCIent capaCItIes Dunng final
deSIgn, thIS assumptIOn wIll have to be venfied If a desandmg basm IS reqmred at
Hwaret, ItS configuratIOn WIll have to mclude a flushmg path back to the flver

The pIpe flow WIll reqUIre energy dISSIpatIOn before bemg released mto the Abu
Zelghan Canal For thIS purpose, two BaIley PolYJet valves were Incorporated m a
parallel arrangement at the canal landmg Drawmg 3 presents plan VIews and
sectIOns of tlus alternatIve

for future deSIgn actIVIty of tlus alternatIve and of the correspondIng rehabIlItatIOn
works, a survey of the In-SItu structures In theIr current state WIll be reqUIred Such
survey WIll stIll be necessary even Ifthe as-budt drawmgs of the Hwaret weIr and of
the conveyance canal are located (at the tIme oftl11s report, they were not avaIlable)

9 4 2 Hydrauhc ConSIderatIOns

A dlschmge of 45 cm<; was adopted as de<;Ign dIscharge for the combIned
conveyance

A Iectangular sectIOn 20m WIde by 16m deep was selected for the remforced
concrete-lIned canal reach At a slope of 0 12 percent, thIS canal conveys slIghtly
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more than 45 ems With a freeboard of20 cm At 1 7 mps, the resulting velocIty IS
well below the admIssIble value for average workmanshIp concrete The canal drop
between the Hwaret WeIr and the pIpe mtakes amounts to about two meters

The gross head for the pIpe between Intake forebay and the Abu Zelghan Canal
amounts to about 54 m, takmg mto account the canal drop Total head losses (fnctIOn
losses plus a 10 percent addItIon for local losses) reach some 84m along the closed
conveyance and the Barley valves wIll have to dISSIpate 456 m of head at the Abu
Zeighan landmg E~hIbit 9 4 presents the hydraulIc parameters of tIus configuratIOn

943 Other ConsIderatIOns

The ImplementatIOn ofIRR3b could only be promoted after a careful consIderatIOn of
the potentIal for contaminatIOn of the dIverted water m the canal reach from the
flowmg salme spnngs and seeps

As for the other alternatIves, If addItIOnal return flows hIgher than 2 cms are expected
to be dIscharged m the future upstream of the eXlstmg dam, recent infOrmatIOn from
the MInIstry of Water and lITIgatIOn revealed that these volumes wIll be used
exclusIvely for lITIgatIOn In the hIghlands and wIll not reach KTR Should, however,
the aVaIlabIlIty of flows entenng KTR Increase In the future allowmg for reqUIrement
growth downstream of the dam along KAC, the rectangular canal and the 14m ID
ductIle Iron conveyance have the capabIlIty oftransportmg up to 5 5 cms (under these
condItIons, m the canal, the VelOCity would be about 1 8 mps and the freeboard would
be reduced to 10 cm, and In the pipe, the velOCIty would be about 36 mps) The
dISSIpatIOn eqUIpment WIll only have to be adjusted downwards, whIch can be done
wIth the BaIley valves The Intake at Hwaret Will have to be Sized slIghtly larger to
allow for future dIscharge mcreases

95 AlternatIve POW

Power addItIOn could be conSIdered for configuratIons that Incorporate closed
condUIts, proVIded that head IS hIgh enough to JustIfy an mstallatIOn In order to take
advantage of the full 120 m gross head between the settling basm take-off at the
Thahab WeIr and the Abu Zelghan locatIOn, power addition was conSIdered for IRRI
A reregulatmg pond also IS mcorporated mto thIS alternatIve

9 5 1 AlternatIve DescnptlOn

The conveyance alIgnment for the power addItIOn alternatIve IS SImIlar to that of the
pIpe m Alternative IRRI The conveyance for thIS alternatIve has to be a penstock
bUIlt out of pressure vessel malleable steel The penstock wIll convey water to the
powerhouse whIch wIll be located near the Abu Zelghan WeIr From the powerhouse,
water wIll be dIscharged mto a reregulatmg pond and dIverted mto the Abu Zelghan
Canal
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The SIze of the penstock (20m ID) IS dIctated by conveyance efficIency reqUirements
wIthm the power scheme Iron ductIle pIpes WIth mternal dIameters larger than 60"
(1 52 mID) are only avaIlable as a specIal order from major manufacturers contacted
m Amman and, consequently, are mtUItlvely more expenSIve

The power addItIOn plant WIll be eqUIpped wIth two vertIcal-shaft FranCIS turbmes
dIrect connected to generators each With a total mstalled capacIty of 3 5 MW, shghtly
larger than the ones currently operated at the Kmg Talal Plant (those are honzontal
shaft, but for the new plant, powerhouse pIt excavatIOn reqUIrements WIll probably be
much more sIgmficant m order to reach rock, and a vertIcal shaft umt WIll fit better)

The new plant IS located ImmedIately before the Abu Zelghan WeIr (some 150 m
upstream of the weIr), on the bank of the re-regulatmg pond The tailrace WIll have to
be properly submerged agamst the mmlmum operatmg level of the pond The re­
regulatmg pond at the Abu ZeIghan SIte Will be provIded WIth a spIllway large enough
to release the Zarqa RIVer deSIgn floods that constItuted the deSIgn CrItena for the Abu
Zelghan WeIr The pond wIll retain only fresh water dIscharged through the tailrace
and ShIft the flows for the lITIgatIon purpose to a daIly cycle To control water quahty
for lITIgatIOn, low and average Zarqa RIver flows Will be dIverted around the pond
Only Zarqa RIver floods Will dIscharge mto the pond, WIth the understandmg that
lITIgatIOn reqUIrements WIll be mmimal dunng the floods penod and that nver flows
Will be less contammated then Annual mamtenance and cleanmg WIll be reqUIred m
order to preserve the pondage at the new powerplant tailrace Drawmg 5 presents
plan VIews and sectIOns of thIS alternatIve

9 5 2 Hydrauhc ConsIderatIOns

As noted prevIOusly, the objectIve of the power additIon was to Implement a new
power mstallatIOn at Abu Zeighan m the order of magmtude of the eXIstmg plant at
KTD for a cascade operatIOn Takmg mto account a flow travel tIme between KTD
and the new plant of some 5 to 6 hours, cascade operatIOn WIll cover more tIme dunng
the day at l1lgher capaCity and Improve the attractIveness of the whole power
mstallatIOn for fl1ls reason, the avaIlabIhty of a deSIgn dIscharge of7 5 cms was
contemplated (hIgher that the 6 4 cms deSIgn dIscharge at KTD, to account for head
losses along the 7 km headrace pipe) To satIsfy the 25 cms to be diverted through
the caITIers, a maXimum mstantaneous release of about 10 cms from h.TD WIll be
reqUIred It was assumed that such releases could be avaIlable WIth enough relIabIhty
to SUIt power generatIOn only under the assumptIOn of a ma\'Imum future M&I return
flow of 3 5 cms on a monthly baSIS, added to the hlstoncal mflow ofZarqa RIver mto
KTR WIth the Intake at Thahab, the new plant wIll operate under a gross head of
121 5 m for a 20m ID, 7 km-long steel conveyance, head losses amount to 111m
for a good waterway effiCIency of90 percent (a 16m ID structural steel pIpe would
operate WIth an unacceptable waterway effiCIency of maXImum 70 percent, WIthout
offenng sigmficant cost advantages) The resultant plant capaCity IS about 7 MW It
could be prOVided In two 3 5-MW umts or three 233-MW umts A two-umt
configuratIOn was estImated at tIllS tIme ExhIbIt 9 5 presents the hydraulIc
parameters of thIS configuratIOn
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9 5 3 Other ConsIderatIOns

ThIS alternative IS attractIve only If It operates m cascade wIth the eXIstmg Kmg Talal
power faCIlIty for a total generatmg tIme of 10 to 12 hours per day at close to the
mstalled capacIties At a monthly average of3 5 cms addItIOnal mflow mto KTR,
reservOIr operatIOn studIes have shown that the penod of tIme wIthout shortage m
desIgn dIscharge at the new plant can be as hIgh as 85 percent ThIs type ofoperatIon
could make the power addItIOn attractIve, especially when compared to the savmgs m
fuel cost

AlternatIve power arrangements were consIdered but always at lower mstallatIOns and
WIth unacceptable headrace pIpe efficiencIes They mcluded

(a) usmg a 7 lan-long conveyance pIpe made of structural steel WIth 16m ID
for the 7 5 cms deSIgn dIscharge ThIS mstallatIOn would result m a power
development of 5 6 MW at Abu Zelghan, for a waterway effiCIency of 70
percent and a total plant effiCIency at a low value of 63 percent The savmgs
m pIpe costs WIll not Improve the umt cost of the plant due to the reductIOn m
the mstalled capacIty,

(b) mstallmg a 7 lan-long ductIle Iron pIpe WIth 1 52 m ID (60" pIpe IS readIly
aVaIlable) resultmg In a 7 5 cms deSIgn dIscharge ThIS mstallatIOn would
result m a power development of 35 MW at Abu Zelghan, WIth an
unacceptable waterway effiCIency of 44 percent and total plant effiCIency of 40
percent The scale of tlus development IS unlIkely to make the project
attractIve,

(c) mstalhng a 7 km-Iong ductile Iron pIpe WIth 1 52 mID (60"), for a 45 cms
deSIgn dIscharge that also represents the lITIgatIOn reqUIrements ThIS
mstallatron results m a power development of 4 3 MW at Abu Zeighan, for a
total plant effiCIency of71 percent (80 percent waterway effiCIency)

The alternatIve descnbed under (c) could be developed as an addItIOn to the lITIgatIOn
scheme, operated accordmg to the lITIgatIOn reqUIrements schedule In thIS case, the
tmlrace could discharge dIrectly mto the Abu Zelghan Canal and the re-regulatmg
pond, nver by-pass canal and spIllway, as well as the Barley valves arrangement at the
landmg, wlll become unnecessary Also, no conveyance costs WIll affect the power
component cost However, the scale of thIs development would stJlIlmply hIgh umt
costs for power (due to the costs of the eqUIpment m the powerhouse and sWltchvard,
and of the lITIgatIOn by-pase;; faCIlIties), espeCIally when the mstallatlon IS a secondary
user generatmg m the IrrigatIOn regime

At thIS conceptual stage, all three above alternatIves were dIscarded m favor of the
larger 7 MW development that Will have the abIlIty to operate m cascade With the
eXlstmg plant at KTD and take full advantage of potentIal growth m the return flows
mflowmg mto KTR
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10 SELECTION OF PROPOSED DEVELOPMENT

ThIS chapter provIdes a companson of the alternatIves selected for conceptual deSIgn
The companson IS based on the overall costs and the operatIOn and mamtenance costs
cost of the alternatIves plus a conSIderatIon of the ImplementatIOn tIme, volume of
water saved, qualIty of water dehvered, power generated, and an ImtIaI assessment of
envIronmental Impacts

101 Estimated Overall Cost of Alternatives

The overall cost of the alternatIves was estImated usmg materIals quantItIes and umt
pnces QuantIty measurements were done for all alternatrves on major CIvIl works
Followmg pnncIpal Items were measured

- Cleanng and grubbmg
- UnclassIfied excavatIOns
- Backfill WIth selected materIals
- Mass concrete
- Remforced concrete (Class A, Class B, accordmg to the Jordaman

classificatIOn for all CIVIl works, except the powerhouse m the power
alternatIve)

- Structural concrete (substructure and superstructure, for the powerhouse)
- Remforcmg steel
- Structural steel (powerhouse superstructure frame)
- Steel plate (rolled and welded, for penstock constructIon)
- <Jates, trashracks

Umt prIces for CIVIl works Items were detennmed based on values used m recent
projects (mId - 1995) at final deSIgn stage or bUilt m Jordan There was no attempt at
thIS stage to perfonn cost analyses based on matenaI, labor, and eqUipment cost
components, or to conSIder any contractor's related markups QuotatIOns from
manufacturers were used for plpehne and for the electro-mechanIcal eqUipment, as
follows

- Ductrle Iron pIpe, cement hned, vanous ID's
- PIpe accessones
- Turbmes and governors
- Inlet valves, cranes
- Powerhouse mechamcal systems
- Generators and transformers
- Controls and sWItchyard eqUIpment
- MIscellaneous electncal eqUIpment
- Plant by-pass eqUIpment
- DISSIpatIOn valves and accessones
- Pumpmg statIon eqUIpment
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TABLE 101

102 Operation and Mamtenance Costs

SUMMARY OF CONSTRUCTION COSTS
(Jordan Dmars)

E"'\hlblts 10 1 to 105 present the detaIled bIlls of quantitIes and cost schedules for the
five alternatives

100,000
134,000
56,000
41,000

191,000

56

Annual O&M Cost
(JD)

IRRI
IRR2
IRR3a
IRR3b
POW

AlternatIve

The operatIOn and mamtenance cost was estImated on the baSIS of e"{penence
percentages apphed to the constructIOn cost Although IRR3b has a lower capItal
cost, Its arrangement IS more complIcated and It extends over the same dIstance as
IRR3a Therefore, It was estImated to have a slIghtly greater O&M cost than IRR3a
Pumpmg costs were estImated at JD °OI5/kWh Estimates ofO&M by alternatIve
are presented below

Works ALT IRRI ALT IRR2 ALT IRR3a ALT IRR3b ALT POW

Headwork 0033 0204 0136 0136 0277

Conveyance (Plpelme) 5522 I 708 2786 I 626

Conveyance (Canal) 0365 -- - -
Conveyance (Penstock) - - - - 7365

Pumpmg StatIOn 1624- - - -
Powerhouse - - - - 4564

Outlet and Reg Pond 0818 0818 0818 0818 I 548

ConstructIOn Cost (J D) 720 490 420 330 154

ConstructIOn Cost ($US) 1075 731 627 493 230

Total constmctIon costs for the alternatIves estImated, together wIth the major
component costs, are summanzed m the Table 10 1

The quantItIes ofworks and ofeqUIpment were multIplIed by the umt pnces to obtam
Item constructIOn costs A 12 percent contmgency was added to the sum of Item costs
to yIeld the total constructIOn costs

Some cIvIl works, mcludmg demolIshmg, rehabIlItatIOn, cofferdammmg, controls,
and headwork m general (at both Thahab and Hwaret mtakes), were reflected as lump
sums These global pnce representatIOns were checked by evaluatmg major quantItIes
that were mvolved m the correspondmg works
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104 Total Annual Volume ofWater Saved

103 ImplementatIOn Plan

BId preparatIOn, evaluatIOn, and award WIll reqUIre about two months for all
alternatives

18
24
18
18
44

ImplementatIOn Penod
(Months)

IRRI
IRR2
IRR3a
IRR3b
POW

Alternatlve

The constructIOn for the four non-power alternatlves will reqUIre IOta 14 months
dependmg on the dehvery tIme for the pIpe IRR2, because of the pumpmg statIOn
wIll take a httle longer The power alternative WIll take from two to three years agam
dependmg on the dehvery schedule for the generatIOn eqUipment

In the reach of nver between Thahab WeIr and the Hwaret WeIr, It IS concluded that
eIther gaInS or losses could occur but that the quantIty of water gamed or lost IS
mSlgmficant The gams and losses measured for thIS reach are not slgmficant 10 a
statIstIcal sense because they are wlthm the lImIts of accuracy of the measurement
deVIces It IS thought, based on the field programs and the results of the geologIC and
hydlOgeologic studIes, that there probably are both gams and losses that occur at
dIfferent tImes 10 the year If tl11s IS the case then, It can be postulated that neIther the
gall1S or the losses Impact on the pipelll1e that begll1s at the Thahab WeIr, that the
losses 10 the reach wIll not be collected by a plpelme startmg at the Hwaret WeIr, and

The desIgn and contract document preparatIOn for the four lITIgatIOn alternatlves WIll
take about four months for alternatIves IRRl, IRRJa, and IRRJb The pumpmg
statIOn for IRR2 wIll lengthen the deSIgn stage to about SIX months DeSIgn of the
Power alternatives wIll reqmre about nrne months PrequahficatlOn ofbIdders wIll be
relatIvely easy as It IS expected that the faclhtles WIll be constructed by a local
contractor ThIS prequahficatIOn can be performed dunng the deSIgn stage and WIll
leqUIre no extra tIme

The fundIng reqmrements are relatIvely mmor and the MWI has already mdlcated that
the funds could be made aVailable from mternal sources If no other source IS readIly
aVaIlable It IS estImated that thIS actIVIty Will take from one to two months after
completIOn of a feasIbIlIty report

ImplementatlOn of any of the alternatlves will reqUIre time for the foIIowmg activIties
fundIng, desIgn and preparatlOn of bId documents, award of contract, and
constructIOn

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

that the gams m the reach WIll be collected by a pIpe at the Hwaret WeIr Therefore,
there IS no advantage to startmg the pIpe at the Thahab WeIr from the standpomt of
water savIngs and, In fact, there mIght be a small dIsadvantage

In the reach of nver between the Hwaret WeIr and the Abu Zelghan WeIr, It IS
concluded that losses mIght reach about 10% or 15% of the flow m the nver These
losses are more ltkely to occur m the low flow summer months Under the condItIOn
of 1 0 cms of return flow to the hlstoncal streamflow, the flow In the Zarqa RIver
below Thahab WeIr averages about 1 5 cms or about 47 MCMlyr The volume of
water saved, therefore amounts to between five and seven mIllIon CUbIC meters per
year The lower value IS selected as more representatIve of the actual loss

105 QualIty of Water DelIvered

There IS no detenoratIOn of quahty m the reach between the Thahab WeIr and the
Hwaret WeIr Therefore, all alternatIves WIll prOVIde the same quahty ofwater
delIvered to the Abu Zelghan Canal

106 Total Annual Generated Power

The addItion of power IS techmcally feaSIble for alternatIves WhICh are compnsed of
new faclhtIes (IRRI, IRR3a, and IRR3b) IRR2 makes use ofa portIOn ofthe Zarqa
Carner II whIch IS not constructed of a matenal SUItable for use as a penstock For
AlternatIve IRRI, and mstallatIOn of7 0 MW would result m the generatIon of about
20 Gwh of electnclty If power were added to IRR3a and IRR3b, the mstalled
capaCIty would be about 30 MW and the average annual power generatIOn would be
about 9 Gwh

10 7 ImtIal Assessment of EnVIronmental Impacts

The enVIronmental benefits of all the feaSIble conveyance alternatIves WIll be
eqUIvalent These benefits WIll be conSIderable and WIll accrue to Irngated agnculture
along the KAC downstream of the JunctIOn WIth the Abu Zeighan Canal as a result of
the Improvement m the quahty of water m the canal

The potentIal negative envIronmental Impacts of all the feaSIble conveyance
alternatives are largely dependent on the pomt of the flow dIversIOn (Thahab or
Hwaret WeIr) and the amount of constructIOn reqUIred for each alternatIve These
negatIve Impacts WIll occur In four areas I) the Zarqa RIver channel from Thahab or
Hwaret WeIrs downstream to Abu Zelghan WeIr, 2) m and adjacent to the plpelme (or
canal) corndor m the Zarqa RIver valley m the area from Thahab or Hwaret WeIrs to
Abu Zeighan WeIr, and 3) m and adjacent to the Zarqa RIver channel downstream
from Abu Zelghan Weir The major Impacts to natural resources will be from loss of
flow and changes m water quality m the segment of the Zarqa RIver between Thahab
WeIr and Abu Zelghan WeIr SOCial and cultural resources WIll be affected prImarIly
m the area of the plpelme corndor and, m addItion, there may be effects on water use
along the Zarqa both upstream and downstream from Abu Zeighan WeIr
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Major economIC Impacts WIll be m the Irngated area and should be largely posItIve,
however, there may be adverse economIC effects due to changes m water qualtty
downstream from Abu ZeIghan WeIr and on water users along the left (south) bank of
the Zarqa along the segment affected by the dIversIOn

107 1 Present SItuatIOn (No-actIOn AlternatIve)

Presently (under the no-actIOn alternatIve), flows of up to 28 ems (maxImum
combmed flow for ZC I & II) are dIverted from the Zarqa at Thahab WeIr Flow m
excess of the lITIgatIOn reqUIrement for ZC I & II IS passed at Thahab WeIr and
contmues downstream approxImately 95 km to the Abu Zelghan WeIr where It IS
dIverted, VIa the Abu ZeIghan Canal, to the KAC The present dIverSIOn affects the
Zarqa RIver between Thahab WeIr and the Jordan RIver (a dIstance ofapproxImately
27 krn) Because water IS released from Kmg Talal Dam (KTD) to support IrngatIon,
flows m the Zarqa RIver rarely exceed the quantIty reqUIred for the lITIgatIOn
dIverSIons at Thahab and Abu Zeighan WeIrs Thus, the present SItuatiOn mvolves
dIverSIOn of VIrtually all flows released at KTD from the 17 km nver segment below
Abu Zelghan WeIr

The nver segment from Hwaret WeIr to Abu Zelghan WeIr IS affected by year-round
sprmg InflOWS, some ofgeothermal ongm The mflow from spnngs m thIS segment
has a hIgh salImty (approxImately 5,000-10,000 mg/L) ApprecIable mflows begm to
occur approxImately 1 3 kIn below Hwaret WeIr Total flow accumulatIOn at Abu
Zelghan WeIr IS 150-300 lis from sprmgs m the segment below Hwaret WeIr Due to
theIr hIghly salIne nature, the spnngs adversely affect water qualIty m the KAC dunng
penods when flow below the Thahab WeIr IS relatIvely low and when water m the
KAC upstream from the Zarqa RIver IS dIverted to Amman for mUnIcIpal and
mdustnal use

To lImIt the effect of the salme spnngs on the water dIverted mto the KAC, the JVA
has channelIzed the streambed, dlvldmg It mto two separate channels, for a dIstance of
approxImately 2 1 kIn above Abu Zelghan WeIr ThIS measure partIally separates
salme spnng mflows from the fresh water f10wmg downstream from KTD Upstream
from the channelIzed area, the sources of salme mflow are too WIdely dispersed over
the WIdth and length of the channel to separate them from the freshwater flow Thus,
the mam channel carnes a mIxed salIne and freshwater flow to the entrance of the Abu
Zelghan Canal The secondary channel dIverts approxImately 25-40% of the salme
mf10w (about 80 lis) over the Abu Zeighan WeIr to contmue downstream

ChannelIzatIOn of the rIver above Abu Zelghan WeIr was done m response to
problems WIth salImty 111 KAC that occurred dunng 1993 and 1994 Pnor to
channelIzatIOn all flow \\-as dIverted to KAC at Abu Zeighan WeIr Adoption of the
no-actIon alternatIves would thus result eIther m a release of approxImately 80 lis of
salme water nnmedlatelv below Abu Zelghan or m no release, depend1l1g on whether
channelIzatIOn IS contmued 111 the future
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Due to Its partIal ongm as mumcipal and mdustnal return flows from the Khnbet As­
Samra wastewater treatment plant, water flowmg downstream from KTD IS somewhat
ennched WIth nutnents and has a relatIvely hIgh BIOlogIcal Oxygen Demand Water
qualIty data collected durmg the summer of 19941 allow a companson between the
qualIty of water m the KAC near Sawalha, whIch IS representatIve ofwater qualIty In

the relatively unpolluted Yarmouk RIver, and the qualIty ofwater from the Zarqa
RIver at Thahab WeIr The concentratIOn ofammoma mtrogen (NH4) averaged 7 0
mg/l at Thahab WeIr vs 0 1 mg/l In the KAC, mtrate nItrogen (N03) averaged 32
mg/l m the Zarqa and 125 mg/l In the KAC, and BODs averaged 23 mg/I In the Zarqa
and 6 mg/l m the KAC Total colIform bactena counts, however were SimIlar In the
Zarqa at Thahab Weir and In the KAC near Sawalha2,3

Enriched water released at KTD IS subjected to aeratIOn m the 13-km segment
between KTD and Thahab WeIr AdditIOnal aeratIOn of water mtended for KAC
occurs In the 9 5-km reach between Thahab Weir and Abu Zelghan WeIr The water
qualIty benefit of addItIonal aeratIOn between Thahab and Abu Zelghan WeIrs IS
relatively small The reductIOn m average BODs was 3 mg!l (13%) between Thahab
and Abu Zelghan Weirs dunng summer 1994 BIOlogIcal actIvity and WIth sprmg
Inflows (dIlutIOn) may further affect nutnent levels Ammoma was reduced by 4 8
mg/l (68%), however, mtrate mcreased by 6 mg/l (19%) Fecal colIform bactena
levels typIcally Increased between Thahab and Abu Zelghan WeIrs, posSIbly due to
use of the stream channel for grazmg, whIle total colIform bactena levels typIcally
decreased slIghtly

1072 Construction Effects

The lIkely pIpelIne alIgnments pass through largely agncultural areas and Will be
located m or adjacent to preVIOusly disturbed areas (such as roads and eXlstmg
plpelme corndors) thereby mmlmlzmg disruptIOn of natural and agncultural areas
dunng constructIOn Because the corndor for all alternatIves WIll be adjacent to
eXIstIng roads, no constructIOn of access roads IS reqUIred The corndor Width Will be
appro'Cimately 10 m (12 m for alternatIve POW) ConstructIOn ofnver crossmgs IS

lIkely to create the greatest disturbance of natural areas by dIsruptmg the rIverbed and
creatmg the potentIal for erOSIOn and sIltatIOn In the channel Known cultural

1 Water and EnVironment Research and Study Center - UmversIty of Jordan 1995
IrngatlOn management & water qualIty In the Central Jordan Valley (Basehne Survey)
Water QualIty Improvement and ConservatIOn Project Report 3114-95-3b-05

2 Water and EnVironment Research and Study Center 1995 Ibid

3 IrngatlOn Support Project for ASia and the Near East and Water and EnVironment
Research and Study Centre Umverslty of Jordan 1994 IrrIgatIOn management and water
quahty m the Central Jordan Valley wmter croppmg season
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resources (antIqUIties - rums) are located well away from the corndor alIgnments
Proposed alIgnments do not affect any bUIldmgs Dust, nOIse and traffic WIll affect
nearby areas at a level commensurate WIth the length of the conveyance (pIpelme or
canal) corndor An addItIOnal potentIal constructIOn Impact on SOCIo-economIC
condItIOns IS the possIble dIsruptIOn of servIce to users of water from ZC II dunng
constructIOn ofa pIpelme bIfurcatIOn and pumpmg statIOn

Alternative IRRI wIll have the longest corndor of the lITIgatIOn alternatIves,
approXImately 7 km, and WIll reqUIre up to five flver crossmgs Intake modIficatIOns
WIll be reqUIred

Alternative IRR2 wIll have a corndor approXImately 2 0 km long and WIll reqUIre
one flver crossmg AddItIOnal desandmg capacIty WIll have to be added at the
upstream end of the plpelme Users of ZC II WIll lIkely expenence a one-season
penod of dIsruptIOn of servIce durmg constructIOn of the pIpelIne bIfurcatIOn and
mterconnectIOn to the booster pumpmg statIOn downstream from the bIfurcatIOn

AlternatIves IRR3a and IRR3b wIll have comdors apprOXImately 3 5 km long and
wIll follow the same alIgnment These alternatIves wIll reqUIre two nver crossmgs
RehabIlItatIon of Hwaret WeIr WIll be reqUIred for both alternatIves, thus reqUIrIng
dIsruption of the streambed and use of land for constructIOn lay-down areas m the
VICInIty of the present weIr No desandmg faCIlIties are contemplated, thus occupatIon
of addItIOnal land area for operatIOn ofthese alternatIves WIll not be reqUIred

AlternatIve POW, whIch IS a power addItIon to IRRl, has the same comdor length
of seven kIlometers and a more extenSIve modIficatIOn to the eXlstmg mtake
potentIally mcreaSIng any penod of dIsrupted servIce on ZC I & II POW will reqUIre
expanSIOn of the desanders and constructIOn of a re-regulatmg reservOIr at ItS
downstream end POW WIll thus reqUIre the greatest land area for constructIOn and
WIll occupy much more land area dunng operatIOn than WIll IRRI

Table 102 presents potentIal effects of constructIOn and operatIOn of the project on
land use In the affected area Most agncultural areas affected durIng constructIon WIll
lost to productIOn for the growmg season CultIvatIon on land over the pipeime can
be conducted follOWIng constructIOn
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Table 102

Effects of ConstructIOn of FeasIble Alternatives

Effects of ConstructIOn of FeaSIble AlternatIves on Land Use
FeaSible Loss of CultIvated Land Non- New River One-Season

AU (maximum dunums) Cultivated Crossmgs IrngatIOn
Temporary Permanent Land InterruptlOn

(One (project ReqUIred (m'lx dunums)
Season) LIfetime) (dunums)

IRRI 70 0 02 5 None
(desander)

IRR2 20 03 (Booster 02 1 ZC II Command
Pump StatIOn) (desander) Area

IRR3a 35 0 0 2 None
IRR3b 35 0 0 2 None
POW 84 0 03 5 None

(desander)
~50

(reservOIr)
no-action 0 0 0 0 None

1073 OperatIOn Effects

All alternatIves wIll have a major beneficIal Impact on lITIgated agnculture served by
the KAC In terms of Impacts relatIve to the no-actIOn alternative, all optIOns WIll
produce eqUIvalent pOSItIve benefits to lITIgated agnculture along the KAC

NegatIve Impacts wIll largely result from changes m water quantIty and water qualIty
m the stream channel between Thahab WeIr and Abu Zeighan WeIr These wIll
pnmanly affect the natural aquatIC and npanan commumtIes of the Zarqa A
potentIal loss of lITIgatIon water for farms on the left (south) bank of the nver must
also be conSIdered (at least three lITIgatIOn WIthdrawals occur between Thahab and
Abu Zeighan Welfs) Effects on water quantIty and water qualIty In the Zarqa RIver
downstream from Abu Zelghan WeIr WIll be eqUIvalent for all alternatIves and wIll
result In somewhat hIgher flows than presently occur m that nver segment Effects on
salImty of water In the flver segment below Abu Zeighan have not been determmed at
thIS tIme

Impact on AquatIC and Riparian HabItat The major Impact of operatIOn wIll be
potentIal deSSIcatIOn of the streambed for some dIstance downstream from the mtake
structure for each conveyance alternatIve Presently, the natural npanan and
streambed vegetatIOn Includes plant speCIes adapted to wet, or frequently wet
condItIOns These are dommated by oleander, tamanx, sedge (Juncus), and common
reed Some plant speCIes, such as oleander, are hIghly tolerant of brackIsh condItIOns
AquatIC commumtles present m the flver are well-developed and mclude amphIbIans
(frogs), freshwater crab, fish (probably), aquatIC Insects and mlcrocrustaceans, and
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algae It should be noted that enriched water present m the nver probably affects the
density and types of vegetatiOn and the aquatic communIty - reducmg diversity
somewhat and mcreasmg densItIes of species adapted to eutrophIc condItiOns

In the area affected by salme mflows, the diverSity of the npanan vegetatIOn and
aquatic communIty are reduced to species tolerant of braclash conditIOns In thiS area,
channellzatlOn of the streambed has occurred further disruptmg the natural
commUnIties The area of salme mflows IS also subject to mcreased human pressure
from lIvestock grazmg on vegetatIOn m and adjacent to the stream channel

BIrds use the npanan vegetatIOn for cover, foragmg and, for some speCies, nestmg
habItat Kmgfishers and herons feed directly on fish, crabs and amphIbIans
Mammals m the area may use the nver as a water source DiverSity and denSity of
plant speCIes and the assocIated bIrd commuruty WIll lIkely be reduced by loss or
reductIOn of streamflow The aquatic communIty WIll be altered SIgnIficantly or
extIrpated from segments affected by contmuous flow dIverSIon The length of
streambed affected by the varIOUS optIOns IS a useful mdlcator of the relatIve
magmtude of Impacts assocIated WIth each alternatIve

AlternatIves IRRl, IRR2 and POW WIll affect approximately 95 km ofnver channel
between Thahab and Abu Zelghan Weirs There are at least three lITIgation
WIthdrawals along the left bank of the nver m thIS segment ApprOXimately 6 2 km
can be descnbed as brackish habItat The freshwater habItat WIll be affected
SIgnIficantly by deSSIcation and appreCIable reductIOn of habItat IS expected Effects
on the brackIsh habItat Will be less pronounced as mflow from salme spnngs wIll be
mamtaIned, however, tranSitIOnal freshwater-brackish habItat WIll be lost and salImty
wIll mcrease m remaInmg habItat Compared to present condItIOns, channelIzatIon of
2 0 km of the streambed wIll no longer be necessary and more natural npanan and
aquatIC commumty, adapted to brackIsh condItIons, may develop Alternative POW
Will Involve use of hydro-electrIC peakmg releases from KTD ThIS Will subject an
additIOnal 13 km of stream channel above Thahab weIr to the effects of more frequent,
hIgher magmtude fluctuatIOns In flow This Will subject the npanan and aquatic
communIty upstream to scourIng and deSSicatIOn on a short term baSIS

AlternatIves IRR3a and IRR3b WIll affect approXimately 47 km ofnver channel
between Hwaret and Abu Zelghan Weirs There are at least two lITIgatIOn
Withdrawals along the left bank of the nver In thiS segment ApproXImately 1 3 km
can be descnbed as freshwater habitat and the remaInder as brackish The freshwater
habitat Will be affected sIgmficantly by deSSicatIOn, and appreCIable loss of habitat IS
expected Effects on the brackish habitat Will be less pronounced as mflow from
salme spnngs Will be maIntamed, however, tranSitIOnal freshwater-brackish habitat
Will be lost and salImty WIll mcrease m remaInIng habitat Compared to present
conditIons, channelIntIOn of2 0 km of the streambed Will no longer be necessary and
a more natural nparlan and aquatic commumty, adapted to brackish conditIons, may
develop
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Impacts on water use and water qualIty In the area below Abu Zeighan WeIr wIll be
SImIlar for all alternatIves Negative Impacts of alternatIve POW on natural nparian
and aquatIc commumties ofthe Zarqa River Will be greatest (approxImately 6 5 km of
freshwater habItats will be lost and 13 km wIll be affected by mcreased flow
fluctuatIOns) IRRI and IRR2 Will have somewhat less Impact (appro'\Imately 6 5 km
of freshwater habItats wIll be lost) IRR3a and 1RR3b wIll have the least negative
Impact (approxImately 1 7 km of freshwater habItats wIll be lost)

Effects on Water QuantIty All the feasIble alternative Involve proVIsIOns for
dIverSIon of up to an addItIOnal 4 5 cms (7 5 cms for POW) from the Zarqa RIver
Alternative IRRl, 1RR2 and POW Will dIvert all water at Thahab WeIr, thus divertmg
flows up to 7 3 cms (2 8 ems for ZC I & II plus 4 5 cms for new pipelme) from the
Zarqa River Alternatives 1RRJa and IRR3b mvolve dIverSIOns at both Thahab WeIr
and Hwaret WeIr Under these related alternatives, flows up to 73 cms wIll be
dIverted from a segment approxImately 4 7 km m length (Hwaret to Abu Zeighan) and
flows up to 2 8 cms Will be dIverted by ZC I & II from a segment 4 8 km In length
(Thahab to Hwaret) Inflow from spnngs In the reach between Thahab and Hwaret
may occur but IS not belIeved to be appreciable The effect ofthe alternatives on flow
below the Thahab WeIr are summanzed In Table 10 3

Table 103

Effects of Feasible Conveyance Alternatives on Zarqa RIver flow below
Thahab Weir

Feasible Thahab to Hwaret Hwaret to Abu Downstream from
Alternative (48 km) Zelghan Abu ZCJghan

(47 km) (17 km)

IRRl No Flow l No Flow upstream 100% of Spnng
13 km - Spnng Inflows (200-
Inflows downstream 3001/s)

IRR2 No Flow No Flow upstream 100% of Spnng
I 3 km - Spnng Inflows (200-
Inflows downstream 300 I/s)

IRRJa KAC IrngatIOn" No Flow upstream I00% of SprIng
1 3 km - Spring Inflows (200-
Inflows downstream 300 lis)

IRR3b KAC lITIgatIOn No Flow upstream 100% of Sprmg
13 km - SprIng Inflows (200-
Inflows downstream 300 lis)

POW KAC Flow No Flow upstream 100% of Sprmg
1 3 km - Spnng Inflows (200-
Inflows downstream 300 lis)

no-actIOn KAC Irngatlon KAC lITIgatIOn 0% or 25-40% of
Sprmg Inflows (0
or ~80 lis)

Notes FIO\~ reachmg Thahab IS not expected to e'\eeed total lITIgatIon reqUlrement for ZC I +
ZC II + KAC unless sIgnificant runoff from ramfall IS occurrmg

2 flow passed at Thahab after reqUlrement for ZC I + ZC II ($2 8 ems) IS satIsfied
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When compared to the no-actIOn alternatIve, all conveyance alternatIves are expected
to result m a slIght reductIon of the quantIty of flow reachmg the KAC ThIs quantlty
would be eqUIvalent to the salme mflow that ffilxes wIth water from KTD In the reach
between Hwaret and Abu Zelghan

Effect on Water Quality Water qualIty m the rIver segment(s) affected by flow
dIversIOns wl1l be less subject to the mfluence of dIlutIOn by water from upstream, and
thus, WIll be controlled by mflows from spnngs In the nver channel Any mflows
from spnngs m the segment between Thahab WeIr and Hwaret WeIr are probably of
low salImty, however, the volume of IS lIkely neglIgIble Therefore, water qualIty IS
probably of lIttle consequence m the absence of appreciable mflow

Sprmgs In the reach between Hwaret and Abu Zelghan WeIrs vary m salImty,
however, the combmed spnngflow IS brackish WIth a potential salImty range of 5,000­
10,000 mg/l ThIS reach Will see mcreasmg mflows of salme water begInmng about
1 3 km below Hwaret WeIr and reachmg about 100-300 lIs Immediately upstream
from Abu Zelghan WeIr Although brackish, the water contnbuted by the spnngs IS
not affected by nutrient ennchment

MIXIng With spnng Inflows and addltlonal opportumty for aeratIOn and bIOlogIcal
processmg of water m the reach between Thahab and Abu Zelghan wIll not occur
The conveyance alternatrves may thus cause slIght mcreases (to levels SImIlar to those
at Thahab WeIr) m nutnent levels and BOD ofwater delIvered to KAC for lITIgatIOn
Energy dISSIpatIOn of water leaVIng the plpelme at Abu Zeighan canal WIll probably
result In VIgorous aeratIOn, thus redUCIng BOD The expected dIfference In water
qualIty In the KAC between present (no-actIOn) condItIOns and any of the conveyance
alternatIves should not be appreciable The effect of the alternatIves on water quality
IS presented m Table 10 4
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Table 104

Effects of Feasible Alternatives on Zarqa River Water Quality below Thahab
Weir

Feasible Thahab to Hwaret to Abu Downstream IrrIgated Area
Alternative Hwaret ZClghan from Abu (KAC below Abu

(48 km) (47 km) Zelghan Zelghan Canal)
(17 km)

IRRI Not Increased PotentIal Decreased
ApplIcable) salInity, salImty salImty,

reduced change (+ /-) Increased?
nutnents nutrients

IRR2 Not ApplIcable Increased Potential Decreased
salInity, salinIty salinIty,
reduced change (+ /-) Increased?
nutrients nutnents

IRR3a No Change" Increased PotentIal Decreased
salInIty, salInity SalInIty,
reduced change (+ /-) Increased?
nutnents nutrients

IRR3b No Change Increased Potential Decreased
salInity, sallmty sallmty,
reduced change (+ /-) Increased?
nutrients nutrIents

POW Not ApplIcable Increased PotentIal Decreased
salInity, salInity salinIty,
reduced change (+ /-) Increased?
nutrients nutrients

no-actIon No Change No Change No Change No Change

1 Due to lack of flow, water quality effects are not conSIdered
2 Water quahty IS expected to be unchanged from pre-project condItIOns See text for

descnptlOn of those conditIOns In each stream segment

1074 Order of Preference for FeaSible Alternatives

WIth respect to theIr potential envIronmental effects, Alternatives IRR3a and IRR3b
are preferred as havmg lower potentIal for adverse Impacts durmg constructIOn and
operatIOn of the project than other feaSIble alternatIves Alternative IRRl WIll have
less Impact due to constructIon than IRR2 and sImllar Impacts dunng operatIOn, thus
It IS conSIdered second m preference, followed by IRR2 AlternatIve POW IS the least
preferred due to hydro-peakmg effects on the Zarqa RIver above Thahab WeIr To
aSSIst In the companson among alternatIves, they have been qualitatIvely ranked
accordmg to the InItial assessment IRRJa and IRR3b have been ranked evenly and
relatIvely the best IRRI has been ranked next, followed by IRR2 and POW
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108 EvaluatIOn of AlternatIves

SelectIOn of the alternatlve(s) for subsequent study at the feasIbIlIty phase was based
on a consIderatIOn of the selectIOn parameters dIscussed m the preVIOUS sectIOns
These parameters are summarIzed m Table 10 5

All of the alternatIves are equal WIth respect to meetmg the objectIves of the study, 1 e
they all save an equal amount of water and they all result m the same qualIty of water
delIvered to the Kmg Abdullah Canal On the basIs of all other parameters
consIdered, IRR3a and IRR3b appear to the most attractIve followed by IRRI, IRR2,
and POW

1RR3b, whIch mcludes a 1 5 km reach of open, lmed canalIS slIghtly less costly than
IRR3a, from a capItal standpomt, however, It has some dIsadvantages AlternatIve
IRR3b mcorporates a stretch of open conveyance IS expected to reqUlre constant
mamtenance to keep the canal m proper operatmg condItIOn (the current phySIcal
condItIOn ofthe eXlstmg canal that begms from the Hwaret WeIr IS a clear example of
what can happen to an open conveyance when mamtenance actIvItIes are neglected or
mmlmized) ThIS mamtenance IS reflected m the O&M cost for the alternatIve Also,
losses and contammation effects that have been preVIously detected m the nver reach
from Hwaret to Abu Zeighan, mIght affect the lmed canal through the expanSIOn
Jomts Both 1RRJa and IRR3b are retamed, however, It IS noted that both alternatIves
are contIngent upon the successful rehabIlItatIon of the Hwaret WeIr

1RR2 IS the more cost effectIve of the two optIOns that begm at the Thahab WeIr on
the baSIS ofa cost analysIs whIch compared the next present values of the capItal and
annual costs However, from the standpomt of the ImplementatIOn penod and the
envIronmental rankIng, 1RRl IS supenor 1RR2 has the further dIsadvantage that the
ZC II pIpelIne would be out of servIce for a penod durmg constructIOn (or a bypass
arrangement would have to be constructed at a sIgmficant cost) The ZC II pIpe could
also be out of servIce dunng any protracted maIntenance of the pumpIng statIOn It IS
concluded that 1RRl IS a more practIcal solutIOn to the problem and even though It IS
more costly, IRRI IS retamed and 1RR2 IS rejected

IRRI IS less attractIve than either of the IRR3 optIOns on the bases of all parameters,
however ItS ImplementatIOn can be accomplIshed WIthIn the present framework of
mformatIOn Because the IRR3 optIOns are contIngent upon the successful
rehabIlItatIOn of the Hwaret WeIr, whIch cannot be assumed untIl further study IS
performed, IRR1 also IS retamed

AlternatIve POW IS rejected on the baSIS of prelImmary economIC analYSIS, the
duratIon of the ImplementatIOn penod, and ItS envIronmental rankmg The econonllC
analySIS conSIsted of a lIfe-cycle analySIS USIng a 10 percent mtere~t rate, a 30-vear
penod of analvsls, and a value of energy and capaCIty 0£27 filslkWh and JD 630lkW
respectIvely
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Table 10 5

Comparison of Alternative

Parameter IRRI IRR2 IRR3a IRR3b IRRI wI

power

Ovelall Cost (JD 7,200 4,900 4,200 3,300 15,400
thousand)

O&M Cost(JD 91 131 51 60 167
thousand)

ImplementatIOn 1 5 2 1 5 1 5 37
Penod (Years)

Annual Volume of 5-7 5-7 5-7 5-7 5-7
Water saved
(MCMlyr)

QualIty of Water fau faIr fair faIr faIr
Deltvered to KAC

Average Annual N/A N/A N/A N/A 20
Energy - GWh

Envlronmental 2 3 1 1 4
Rank111g
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The preferred alternatIve IS IRR3a It IS a low cost, low mamtenance optlon that IS relatIvely
easy to construct and whIch wIll provIde a dependable SolutIon to the problems ofwater loss
and water qualIty detenoratIOn Alternative IRRI also IS an acceptable alternatIve to be
consIdered Ifproblems anse wIth the concept of divertmg at the Hwaret WeIr
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11 CONCLUSIONS AND RECOMMENDATlONS

As a result of the studIes descnbed m the precedmg sectIOns, It IS concluded that

1 All alternatives provIde for the same quantIty ofwater saved and result m the dehvery
of the same quality of water to the Kmg Abdullah Canal

2 The IRR3 optIOns are the least costly, reqUire the shortest penod to Implement, and
have the least adverse envIronmental Impact

3 IRR3a, wmch IS a buned plpehne, IS the preferred option because, although slightly
more costly, It WIll be a more secure optIOn, WIll reqUire less mamtenance actiVIty than
IRR3b whIch mcludes an open canal reach, and has the least chance of permlttmg
contammatIOn of the dIverted flows by salme mflow

4 IRRI should be retamed for further study because, although more expenSIve than eIther
of the IRRJ optIOns, the IRRJ optIOns reqUire a confirmatIon that the Hwaret WeIr can
be economIcally rehabIlItated

5 IRR2 should be rejected m favor ofIRRI because It IS a less practIcal solutIOn and WIll
cause dIsruptIOn of servIce to the ZC II servIce area

6 AlternatIve POW should be rejected on the baSIS ofcost, adverse envIronmental Impact,
and a lengthy ImplementatIOn penod

Based on these conclUSIOns, It IS recommended that

1 IRR3a, IRR3b, and IRRI be retamed for further study m the feaSIbIlIty study
2 The deCISIOn not to mclude desandmg faCIlItIes as a part of the IRRJa and IRR3b

Project Concepts be confirmed
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-------------_ .. -----­HYDRAULIC PARAMETERS
EXHIBIT 9 1

('}

........-

1400 mm DI PIPE (17mm THICK)r _
5T 0+000
TAL AL DAHAB WEIR
ELEVATION [-116 5m]

5WL

HGL

E
~

o
1")

==tl ;1l
v -00
_ 09-
0> ~=

_'0..
z

ST 7+200
ABU - ZEIGHAN CANAL
ELEVATION [-238m]

o

~
~

Alternative IRR 1

0=4 5CMS I Dlameter= 1400mm
Veloclty=292MPS , Friction In m/km=38
Length of pipe = 7200m , Total head loss (fncbon+mlnor) = 301m
Net head at outlet to be dissipated = 91 4m

REQUIRED
Pressure dlsslpator at Abu-Zelghan Canal (Two pressure reducmg valves are needed)

- Vortex inhibitor at Tal-AI Dohab new pIpe Intake from the eXisting weIr

- New pipe Intake at Tal-AI Dahab weir to accomodate 1400MM pipe
N B Sand traps are not needed at Intake They eXist In projects on KAC



---------------------
EXH\8IT 9 7
(PAGE 1 or 2)

H'fDRAUl\C PARAME1[RS

Present H G L at Q::::: I 8CMS ~

ZCII(Q:::: 1 SCMS)

ZCll(Q

S10+000
TAL AL DAHAB SAND TRAPS
ELEVATION [-118 7m)

SWL

Proposed HCL Zell

proposed=6 3CMS)

S15+000

ELEVATION (-200 45m)

!

HGL

£
l"­
UI
.q-

~
c 0'"c _"
<D ,,'0
to :a-
t- C '!!

_"0

"Z

S17+000
ABU-ZEIGHAN CANAL
ELEVATION (-238m)

~

A\ternotlve \RR2

proposed 0 \ pIpe
1400mm 010

Q::=45CMS



---------------------
HYDRAULIC PARAMETERS

EXHIBIT 9 L
(PAGE 20r2.)

Alternative IRR2

Qmax =6 3CMS up to station 5+000 I Dlameter= 1500mm
Veloclty=3 51 MPS I Fnctlon In m/km=678m
Length of pipe to station 5+000 = 5000m , Total head loss (fnctlon+mInor) =373m
Qmax from station 5+000 to station 7+000 = 4 5CMS I Dlameter= 1400mm Q

Veloclty=292MPS I Headloss In m/km=42m
Length of pipe from station 5+000 to station 7+000 = 2000m . Total headloss=8 4m

Net head at boosting pumping statlon=44 45m[( -118 7)-( -200 45)-37 3]
Net head at Abu-Zelghan weir (to be dlsslpated)= 73 6m[-( -200 45)-(-238)+44 45-8 4]
EXisting head loss at the Junction =3 06m

Head to be boosted= 34 24m[-( 118 7)-( -200 45)-44 45-3 06]
H P required assuming 70% overall efficiency

1 8*9810*34 81
HPmax =

o 7*746
= 1160

REQUIRED
One additional sand trap at Tal-AI Dahab

- Pressure dlsslpator at Abu-Zelghan Canal (Two pressul e reducing valves are needed)
- Vortex mhlbltor at Tal-AI Dahab weir

- Boosting pumping station at station 5+000 to bnng the head back to
the eXisting value at the Junction to satisfy Irngatlon head I eqUirements of zell

A-



---------------------
HYDRAULIC PARAMETCRS EXHIBIT 9 2l

SWl

HGl
.......

1400 mm 01 PIPE

5T 0+000
Hwarat eXisting weir
ELEVATION [-182m]

ST 3+500
ABU-ZEIGHAN CANAL
ClEVATION [-238m]

---

n
\D

v

l~
.c

TE~
I 1'- ",,,,

-'-f<) - ~

-- ~ 8-v".,c.,
-0

~

()

Alternative IRR3 (a)

0=4 5CMS , Dlameter= 1400mm

- Veloclty=:2 92MPS , Fnctlonloss In m/l<m=2,8

Length of pipe = 3500m , Total headlass (fnctlon+mlnor) = 1463m
- Net head at outlet to be dissipated = 41 37m[( -182)-( -238)-14 63]

REOUIRED

- Rehabilitation of the eXisting Hwarat weir and Intake

- Pressure dlsslpator at Abu-Zelghan Canal (Two pressure reducing valves are needed)

~

~
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A

HYDRAULIC PARAMETERS

B

EXHIBIT 9 4

5T 0+000
Hworot weir

ELEVATION [-182mJ

5T 3+500
ABU-ZEIGHAN CANAL
ELEVATION [-238m]

.......

Conal

I ~_Q~~
H"\DIlI'UI

()

l!-

ST 1+500

ELEVATION [-184mJ

5WL

E
'<t
o

iii.....
.r.

TE ~
1"" 2~

If) u&.
.q. ~~

coo
~-o
tlz

- Alternative IRR3 (b)

0=4 5CMS 1SOOm rectangular channel
Head at S(Junctlon to plpe)== -182-200==-184
Length of pipe =2000m I Total headloss = 8 4m
Net head at outlet to be dissipated = 45 6m[(-184)-(-238)-8 4J

REQUIRCD

- Rehabilitation of the eXisting Hwarat weir and Intake

- Pressure dlsslpator at Abu-Zelghan Canal (Two pressure reducing valves are needed)

~



---------------------
HYDRAULIC PARAMETERS

EXHIBIT 8 5

.....
I--

ST 0+000
TAL AL DAHAB
SAND TRAPS

ELEVATION [-118 7m]

2000 mm Penstock steel Pipe

SWL

HGL

~

--II
'+­.c

gj]
10 ..o ;a

.Q

----- " ~-<

ST 7+000
ABU-ZEIGHAN CANAL
ELEVATION [-238m]

~

Alternative POW

Q=75CMS , Pipe Dlameter=2000mm
Veloclty=2 39MPS , Fnctlon In m/km= 1 44

Length of pIpe = 7000m • Total headloss (fnctlon+mlnor) = 111m
Avatlable head for power generation = 108 20
Power Generated := 7MW (2*3 5 units)

REQUIRED
- One additional sand trap at Tal AI - Dahab area
- Vortex mhlbltor at Tal-AI Dahab weir
- Two power generation Units

- By pass to the Canal With pressul e dlsslpator valve
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Exhibit 10.1
(Page 1 of 3)

COST ESTIl\1ATE OF IRRI

;'\0 I telll l'mt Quantlh emt PrIce Total

1- Head\\orkli

1 J Cofferdam LS 1 5,000 5,000

12 Demolishmg R C \\ all (about 15 eu m ) LS 1 5,000 " 000

1 3 Buddmg the R C \\ all of Item] 2 (after

bemg shifted \\Ith the gate) LS ] 10,000 10,000

1 4 Fr\mg Pipe 14m I 0 111 the \\ all of the

\\ t.l r L<;; 1 100O 1,000

1 5 Intake Gate Trashrack Vorte'\ InhIbitor

(Supph and Instalhtwn) LS 1 10000 10 000

c

Total Head" ork.. (J 0 ) 33000
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Exhibit 1Q 1
(Page 2 of 3)

COST ESTL\IATE OF IRRl / Cont'd

1\0 Item l'mt QU'lntIt\ l'mf Price Tot'll

2- Com e} 'lnce

2 I UnclassIfied E\.C3\ atlon Cum 60,000 ... 180000.'

..., ") Backfill (selected matenal) 0 Cum 50,000 4 ~OO 000

.., ... R Concrete Class A (encasement) Cum 600 90 5~ 000_oJ

24 R Concrete Class A (\ Iaduct constructIon) Cum 200 120 2~ 000

.., - R Concrete Class B (thrust blocks) Cum 200 80 16000-,)

26 ReInforCIng steel Ton 80 450 36000

27 DuctIle Iron Plpe 14m I D \\ nh Cement
LInIng (Supph and InstallatlOn) m 6700 660 4422 000

.2 8 Steel PIpe 14m I D for \ laduct CrossIng
(Supph and InstallatIon) Ton 100 2 000 200 000

29 Com e\ ance PIpe Accessones
* -\Ir \ ahes (\\lth chambers) ea 8 10 000 80 000
* Blo\\-offVahes (\\lth chambers) ea 8 8 000 64 000
* Bends ea 30 8200 246 000

Tot'll Com e~ ancc (J 0 ) 5 522 000



No Item l'mt Quantt!) emt Price Total

3- Outlet '''orks

3 1 DISSIpating \ ah es and acceSSOrIes ea ")
~90 000 580,000

., ") R Concrete Class L\. (pIpe landing stmcture) Cll m 40 100 4 000' -

... ... Remforcmg steel Ton ... ") 450 1 440-' j j-

34 \'1he house (I a\.6 m) Sqm 60 300 18,000

., - Crane r <; 1 1-) 000 1-) 000, )

36 Electncal eqUIpment LS 1 200 000 200 000

Total Outlet \\ orks (J 0 ) 818 ·PO

COST ESTL\IATE OF IRRII Cont'd

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Summan of Costs (J 0 )
1 Head\\orks
:2 COI1\ e\ ance
3 Outlet \\ ork <;

Sub- fot 11

12'% ContingencIes

Total ConstructIOn Cost (Rounded)

33 000

5 -)22,000

8IS 440

6171 440

764813

7 138,253

7 ~OO,OOO

Exhibit 10,1
(Page 3 of 3)
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Exhibit 1Q 2
(Page 1 of 4)

COST ESTIl\IATE OF IRRl

~o Item enIt QuantIt\ l nit Price Total

1- He1d" orh~

I I Cofferdam LS 1 5 000 5 000

1 2 DemolIshmg R C \\ all (about 15 ell m ) LS 1 5 000 5 000

1 3 Buddmg the R C \\ all of Item 1 2

(after bemg shIfted \\lth the gate) LS 1 10 000 10000

1 4 fl"\mg PIpe 14m I D m the \\ull of the

\\eJr LS 1 ., 000 3 000

1 5 R Concrete Class A (addltJoml desander) ClI m 150 90 13 ~OO

1 6 ReInforcmg steel Ton 20 450 9 000

1 7 Intak.e and Desander Gates Trashrad.s

Vorte"\ InhIbItor (Suppl) and Install1tlOn) LS '"l 13,000 26 000-

1 8 Ductile Iron PIpe 14m I D \\lth Cement

Lmmg - from Intak.e to Desanders m 200 660 132 000

0

Total Head" orks (J 0 ) 203500
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Exhlbtt 1Q 2
(Page 2 of 4)

COST ESTI~IATEOF IRR2 I Cont'd

~o Item l'mt Quantlh ('mt Price Total

2- COnH)anCe

2 I Unclassified E\ca\ atlOn Cll m 18 000
.,

54,000-'
C>

22 Bad.fill (selected matenal) Cll m 14500 4 58000

., ., R Concrete Class A (encasement) Cum 100 90 9,000--'

24 R Concrete CIa~s \ (\ laduct con~tructlOn) Cum 60 120 7,200

25 R Concrete Class B (thrust blocks) Cum 60 80 4800

26 ReInforcIng steel Ton 20 450 9000

2 7 DuctIle Iron PIpe 14m I D \\lth Cement
LInIng (Supph and InstallatIOn) m 2000 660 I 320,000

28 Steel PIpe 14m I D for"" laduct Cro::,sIng
(Supph and InstallatIOn) Ton 50 2000 100000

29 C011\ e\ ance Pipe '-\ccessones
* -\lr Yah es (\\Ith chambers) ea

.,
10000 30000-'

* Blo\\-oft Yahes (\\lth chambers) en .,
8 000 24000-'

* Bends e1 9 7500 67500
* Bdl.lrcatlon LS 1 24,000 24,000

Total Com C) ance (J D) 1 707,50U
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Exhibit 102
(Page 3 of 4)

COST ESTI~IATE OF IRRl I Cont'd

'\0 Item l'nIt Quantlh lImt Price Total

3- Pumpmg "t'1tlOn
3 1 \Iechal1lcaI EquIpment (IncludIng Crane) LS 1 1 130 000 ],] 30,000

i 2 ElectncaI EquIpment LS 1 ..WO 000 400,000

.. .. Pump House (26'\].2 01) Sq m 31.2 300 93,600.) .)

C

Total PumplOg StatIOn (J 0 ) ],623600



'\0 Item l mt QU'lntlh lfmt PrIce Tot'll

-t- Outlet" orhs
~ 1 DISSIp3tIon '31\ es and accessones ea ..,

290 000 580 000

~2 R Concrete Cl3ss '\ (pIpe Iandmg stmcture) Cum -10 100 -1000

-13 Remforcmg steel C Ton .... .., -150 1 -1-10-' -

-1-1 \'3he house (I0\.6 m) Sqm 60 300 18 000

-1 5 Cnne T S 1 1'=i 000 15 000

-16 Electncal eqUlpment LS 1 200 000 200 000

fot'll Outlet" orhs (J 0 ) 818 -1-10

COST ESTI:\lATE OF IRR2 I Cont'd

....
-'
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Summ'ln of Costs (J 0 )
1 He1d\\orb
') Com c\ al1Le

Pumpmg St 1(1011

-1 Outkt\\orb

~ub-l ot 11

12% Contingencies

Tot'll ConstructIOn Cost (Rounded)

203 500
1 707 '=i00

1 623 600
818 -1-10

-13-)3,0-10

522 365

-1,875405

4,900,000

Exhibit 1Q 2
(Page 4 of 4)

q\



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Exhibit 103
(Page 1 of 3)

COST ESTI~IATEOF IRR3 (a)

;\0 Item l'mt Quantlh l mt Price Total

1- He1d" ork'i

I 1 Cleanng and Gmbbmg (at Hq\\aret) Sqm 25,000 1 25 000

I :2 Cofferdams LS 2 5 000 10 000

1 3 LncIassdied E"ca\ atlOn Dredgmg (at
H\\aret) Cli m 6600 4 26400

I -1- RepaIrs at H\\aret \\ elr (0\ erflO\\ stIllmg
ba~m sIll, fight abutment trall1mg \\all) I C; 1 40 000 40,000

1 5 DemolI::.hmg E"lstmg Intah.e LS 1 10,000 10,000

I 6 R Concrete Class A. (at ne\\ mtah.e) Cum 30 100 3 000

1 7 Remforclllg steel 0 Ton '"' -1-50 1 350;)

1 8 Intake Gates, Trashrach.s and Vorte"
Inhlbltor (Supph and InstallatIOn) LS 1 :0 000 :0 000

Total Head" orks (J D ) 135,750
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Exhibit 103
(Page 2 of 3)

COST ESTI~lATEOF IRR3 (a) / Cont'd

1'\0 Item
A limt Quantlh l'mf Price Tot'll

2- Come~ance

.2 I DemolIshmg e\.lstmg canal (0\ er a length

ot 50 m) LS I 10,000 10 000

.., ..,
UnclassIfied E\.ca\ atlOn Cum 33 000 "\ 99 000-'

i "\ Back.fiJl (selected matenal) Cum 23,000 4 92,000-.)

24 R Concrete Class \ (encasement) Cum 200 90 18,000

., - R Concrete Class B (thrust blocb) Cum 100 80 8 000- )

26 Rell1forcll1g steel Ton 27 450 12,150

27 DuctIle Iron Pipe 14m I D \\ 11h Cement

LlI1l11g (Supph and InstallatIOn) m 3,400 660 2244,000

28 Steel Pipe I -1- mID for \ wduct Crossmg

lSUppI) and InstallatIOn) Ton 50 2000 100,000

29 Com e} ance Pipe A.cces::.ones

* Air val\es (\\11h chambers) ea -1- 10,000 40,000
* Blo\\-off"al\es (\\lth chambers) ea 4 8000 32000
* Bends ea 16 8200 131 200

Total COnH\ ance (J D) 2 7863"'\0



:\0 Item Pmt Quantlh Umt Pnce Total

3- Outlct " ork<;

3 1 Energ\ DI:::.slpatlOn \ ah es and accessones ea ") 290,000 580,000

... .., R Concrete Class A (pipe landmg) Cum 40 100 4,000-' -

... ... Remforclng steel Ton 3 :2 450 I 440-' ,)

34 \ 11\ e House (l 0'\6 m) Sq m 60 300 18,000

35 Crane LS I 15000 15,000

36 Electncal eqUIpment LS 1 200,000 200,000

Tot'll Outlet \\ orks (J D ) 818,440

COST ESTI:\IATE OF IRR3 (a) / Cont'd

I
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Summ'ln of Costs (J D )

1 Hc.ad\\orb
2 Come\ance
1 Outld \\ orJ..s
~ub-lot.ll

12% Contmgcnclcs

Total ConstructIOn Cost (Rounded)

"

13 'i 750
2,786,350

818440
3,740540

448,865
4 189,405

4,200,000

Exhlbtt 1Q,3
(Page 3 of 3)
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ExhIbit 104
(Page 1 of 3)

COSToESTIl\IATE OF IRR3 (b)

~o Item Umt Quantlt) limt Price Total

1- HC'ld\\orks

1 1 Cleanng and Grubbmg (at H\\aret) Sq m ~5 000 1 25 000

1 2 Cofferdams LS ') 5,000 10,000-

13 UncbssJtled E\ca\ atlon Dredgmg (at

H\\aret) Cum 6,600 -1 26400

1 -1 Repairs at H\\aret \\ elr (o\ertlo\\ stdlIng
basin, sIll, nght abutment training \\all) L~ 1 40 000 40 000

I 5 Demollshlng E'\Istmg Intak.e LS 1 10 000 10 000

1 6 R Concrete Class A (at ne\\ mtak.e) Cum 30 100 3 000

1 7 Relnforcmg Steel Ton ... 450 I 350oJ

1 8 Intak.e Gates, Trashrack.s and \'orte\.
InhIbItor (Supph and InstallatIOn) LS 1 20,000 20000

Total Head" orks (J D ) 135750

2- Rect'lngular C'lnal

2 1 DemolIshmg E'\Istmg Canal (l 5 k.m reach) LS I 20 000 20,000

..., } lTnclassllied E'\ca\ atIOn (1500 m reach) Cum 9500 ... 28500- - ~

..., ... R Concrete Class A (700 m of caml) Cum 2200 100 220 000_ oJ

24 R Concrde C!1<;s \ (\ wduct constnILtlOn) ClI m ':;0 120 6 000

.2 5 RLinforung sted Ion 200 450 90 000

Total Rectangular Canal (J D) 364500
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ExhIbit 10,4
(Page 2 of 3)

COST ESTIMATE OF IRR3 (b) I Cont'd

No Item Umt Quantlh Umt Price Total

3- Plpelme
3 1 UnclassIfied E"cu\ atlOn Cum ]8,500 " 55,500-'

" ? Backfill (selected matenal) Cum 14,500 4 58,000.) -

" " R Concrete Class A (encasement) Cum 120 90 10,800.).)

34 R Concrete Class B (thrust blocks) Cu m 60 80 4,800

35 Remforcmg steel Ton 16 450 7,200

36 DuctIle Iron Pipe 14m I D \\lth Cement

Lmmg (Supph and InstallatIon) m 1,900 660 1,254000

37 Steel Pipe 14m I D for Viaduct Crossmg

(Supply and Installation) Ton 50 2000 100,000

38 Pipe Accessones

* AIr Vahes (\\lth chambers) ea " 10 000 30,000.)

* Blo\\-offVal\ es (\\lth chambers) ea " 8 000 24 000.)

* Bends ea 10 8200 82,000

c'

Total Plpehne (J 0 ) 1,626300

r
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",0 Item l'mt Quantlt) Vmt PrIce Total

-t- Outlet \\'orks

ol 1 Encrg\ diSSipation \ ah es and accessones ea ..., 290,000 580000

ol2 R Concrete Class A (pipe landing) Cum 40 100 4000

ol3 Reinforcing steel Ton 32 450 I 4ol0

44 Vahe House (10'\6 m) Sqm 60 300 18,000

45 Crane ('1 LS 1 15000 1~.OOO

46 Electncal eqUipment LS 1 :!OO,OOO 200000

Tot'l] Outlet \, orks (J 0 ) 818440

COST ESTIl\lATE OF IRR3 (b) I Cont'd

I
I
I
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I
I
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I
I
,I

I
I
il
,
~
)(I

Summ'ln of Costs (J D)
1 Head\\ork.s
'"l Rectangular Canal
3 Plpelme
4 Outlet \\ ork.s
Sub- fot'll
12% Contmgcnclcs

Total Construction Cost (Rounded)

] ~5 750

36-l500
I 626300

818 -lola
2,944,990

353399
3,298,389
3,300,000

Exhibit 10.4
(Page 3 of 3)
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Exhibit 105
(Page 1 of 4)

COST ESTI~IATEFOR PO\V

:'\0 Item t'mt Quantlt) t'mt Pnce Total

1- He'ld" orks
1 1 Cofferdam LS 1 5000 5,000

1 2 DemolIshmg R C Wall (about IS eu m) LS 1 5,000 5000

1 3 BuIldIng the \\all of Item 1 2 (after beIng
shIfted) LS I 10,000 10,000

14 Unclassified E\.ca\ atlOn Cum I 300 .. 3,900-'

1 5 Back.fill (selected matenal) Cum 1 000 4 4,000

I 6 R Concrete Class A (addltlonal desander) Cum 150 90 13500

1 7 ReInforcIng steel Ton 135 450 6,075

1 8 Intah.e Gate Trashrack, Vortex InhIbitor
(Suppl~ and InstallatIOn) LS 1 10,000 10,000

1 9 Steel Pipe 2 Om I D from \\ elr to Desander
tSupph and InstallatIOn) Ton 100 200O 200,000

1 1O Desander Gates and Vorte\. Inhlbltor
(Supph and InstallatIOn) LS 1 :20000 20,000

Total Head" orks (J D ) 277,475
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Exhibit 105
(Page 2 of 4)

COST ESTI~lATEFOR PO\V I Cont'd

1'0 Item L'mt Quantlt) lmt Pnce Total

2- Pemtock

2 1 UnclassIfied E\.ca\ atlOn Cum 84 000 ... 252 000.'

II Backfill (selected matenal) Cum 61 000 4 ~44 000

.., ... R Concrete Class A (\ Iaduct crossIng) Cum 250 100 ~5 000_.J

24 R Concrete Class B (thmst blocks) Cum 300 80 24,000

., - ReInforcmg sted Ton 44 450 19,800- :>

26 Steel Penstock 2 amID 7 a1-Jn 1 acm

a\ erage thIckness (suppl) and mstallatlOn

mcludIng accessones) Ton 3400 2 000 6800 000

f)

Total Penstock (J D) 7,364,800
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Exhlbtt 105
(Page 3 of 4)

COST ESTIl\IATE FOR PO\V I Cont'd

~o Item lmt Quanti!) lTmt Price Total

3- Po" erhouse
3 1 Unclassltied E,ca\atlOn Cum 10,000

...,
30,000.'

.. ') Backfill (selected matenal) Cum 4000 4 16,000-' -

.. ...,

Stmctural Concrete Po\\erhouse-' -'

Substmcture Cum 1 500 150 225,000

34 Structural Concrete, PO\\ erhouse

Superstnlcture Cum 250 200 50,000
0'

35 Remforcmg steel Ton 160 450 72000

36 Stmctural Steel Ton 30 600 18 000

37 T\Iechamcal EqUlpment

* Turbmes (Output 3 63 M\\) ea 2 345,000 690,000
* InletVahes ea .,

40,000 80,000
* Crane (1 0 tm) ea 1 25,000 25,000
* D Tube Gate lS 1 7,700 7700

* StatlOn S\ stems LS 1 262500 262,500
* By-pass S) stem (mcludmg DlssIpatlOn) LS 1 358200 358200

38 Electncal EqUlpment

* Generator (Output 3 9 1\1\- <\) ea 2 435,000 870 000
* Transfonner (3 85 I\IVA) ea 1 150,000 150,000
* S\\ Itch\ ard EqUlpment LS 1 360000 360,000

* ;"'hscellaneous Eqmpment LS 1 1,350,000 1 350000

Total PmHrhouse (J D ) 4,564,400



1'\0 Item Cnlt Quantlh COlt PrIce Total

-1- Outlet" orks for I rngatron B) ·Pass

and Re-regulatmg Pond \\'orks

4 1 UnclassIfied E'\ca\atlOn and Backfill Cum 28 000 .. 84,000~,

42 R Concrete Class A (pIpe landmg) Cum 40 100 4,000

43 R Concrete Class A. (dn erSlOn canal) Cum 10,000 100 1,000,000

44 R Concrete Class A (SIde spIll\\ay at

d1\ erSlOn \\elr) Cum 1 000 100 100,000

4 5 Remforcmg steel Ton 800 450 360,000

Total Outlet \\ orks and Pond (J D) 1 548,000

COST ESTIl\IATE FOR PO\V I Cont'd

I
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I

SummaI1 of Costs (J D )

1 Head\\orks

1 Penstock

3 Po\\erhou~e

4 Outlet &.. Pond

Sub-Total

12% ContIngencIes

Total ConstructIOn Cost (Rounded)

277,475

7,364,800

4564,400
1,548,000

13,754,675

1 650,561

15,405,236

15,400,000

Exhibit 10.5
(Page 4 of4)


