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ZARQA RIVER CONVEY~~CE STUDY

SELECTION OF CONCEPTUAL ALTER.~ATIVES (DRAFT)

1 Quahtatl\ e Screemng

Task 1 10 (Phase A), to be lead by ConsolIdated Consultants wIthm the Zarqa RIver
Conveyance Study scope of work relates to the selectIOn of the alternatIves to be
developed at the conceptual desIgn stage In relatIOn to thIs actn Ity and based on
prevIous InVestIgatIOns and completed matenals (InceptIOn Report, ComprehensIve
Draft Report), on consultatIons WIth local engmeers and speCIalIsts, as well as on sIte
\ ISItS to e)Jstmg power and lITlgauon facIlItIes WithIn the Zarqa RIver Basm, a senes
of qualItatIve recommendatIons are made herem \\ Ith the aIm to define and
consohdate development alternatIves

Some of the alternatIves and concepts lIsted m the scope of \\ ork of Task 1 10 WIll
have to be dIscarded based on techmcal feaSIbIlIty conSIderatIOns and / or neceSSIty
\\'rthm the development scheme They mclude usmg a plpelme over the entIre 23 km
reach between the Kmg Talal Dam and the Abu ZeIghan WeIr, Improvmg the nver
channel, and usmg a deep cutoff wall wlthm the study reach

It IS a knO\\TI fact that most of the channel losses and the tOtalIty of the sallnlzatlon of
nver flo\\s occur dO\\TIstream ofthe Tal AI Dahab WeIr, WIth the stretch Hwaret WeIr
- Abu Zelghan WeIr bemg the most cntlcal Consequently, the nver Itself can be
consIdered an acceptable conveyance between Kmg Talal Dam and Tal AI Dahab
WeIr, and perhaps even do\\'n to Hwaret WeIr (although there are concerns related to
the potentIal oflosses along the reach between Tal AI Dahab and Hwaret WeIrs) ThIS
reduces the stretch to be treated or by-passed to a IDaAImUffi length of 7 km and
obVIously, a23 lan-long pIpe mtakmg at Kmg Talal dam IS not necessary

ChannehzatIon of the nver bed WIthIn thIs reach would not solve the problem ofthe
losses and I or of salme contammatIOn dunng the low flow season, preCIsely when
ImgatIon water requIrements are sIgmficant Also, trymg to recover losses dunng low
flow season by constructmg a cutoffwall could very well have an adverse effect on
the salme contammatIOn potentIal by puttmg the salme spnngs under pressure and
forcmg therr flow back mto the conveyance

Constructmg an open conveyance m canal along vanous reaches could probably
represent a feasIble solutIon However, thIS n pe of alternatn e needs careful
conSIderation, as It mIght not elImmate completely the potentIal of losses and I or of
salme mtruSIOn E\ en m the case ofa concrete lmed canal (trapeZOIdal or rectangular
cross sectIOn), the expanSIOn Jomts WIll proVIde ready access to the arteSIan salIne
flo\\ s dunng the low flow season Moreover, such an open com eyance mIght cost as
much as a closed condUIt under some CIrcumstances BUIldmg (or rehabilItatmg) a
canal from H\\aret to Abu Zeighan under a maxImum acceptable slope of 0 5 percent
for Instance, \\ould Imply soh mg the problem ofa 38 m drop along a 35 to 4 km
long alIgnment or about 10m per Jan Up to four drop structures may be reqUIred for



each 1000 m, wluch wIll result m a rather e>..penslve solutIon Au1 alternatn,e \\lth a
combmed conveyance (part canal, part pIpe) between Hwaret and Abu ZeIghan IS
retamed for cost comparIson, but for VarIOUS reasons mentIOned above It IS
recommended to approach It WIth cautIOn

Other solutIOns lIsted represent feaSIble concepts that need to be consolIdated mto
'Iable development aIternatI\ es to be further assessed for economIc attractn eness
They mclude mstallIng pIpelInes v,Ithm certam sub-reaches of the nver, mcludmg
power generatIon m the development, and provldmg are-regulatIOn resen OIr
upstream of Abu ZeIghan WeIr Fmally, there are e>..Istmg come)ance faCIlItIes m the
Zarqa Valley that are operated for lITIgatIon supply They mclude mtakes at "elrs,
settlIng basms, canals and pressunzed pIpes These eXIstmg structures WIll have to be
mtegrated wlthm the proposed development alternatIves

t\n alternatIve developed for ImgatIOn Will baSIcally have a dIfferent configuratIOn
than one developed for power as descnbed m the follov,lng There are however some
stagmg posslbIhnes WIth the po\\er faclhtles bemg Implemented at a later stage,
prOVIded that some features are mcorporated from the very begmmng m the Imgatton
development

2 IrrIgatIOn Altematnes

These alternatIves Will mcorporate the eXIstmg power faCIlItIes at Kmg Talal Dam that
currently generate secondary energy and releasmg a maxImum of 64 cms (plant
deSIgn dIscharge) for eXlstmg ImgatIOn users whenever water IS avaIlable Three
Imgatton alternatIves descnbed below are recommended to be developed at a
conceptual level for a final selectIOn based on a dIrect constructIOn cost companson

Alternative IRRl

A closed conveyance (a ductIle Iron pIpe With ID 1500 rnm would be suffiCIent) wIll
be added along the reach from the Tal Al Dahab settlmg basms, to the Abu Zelghan
mtake thIS may reqUlre the expanSIon of the settlmg basms at the Tal AI Dahab
locatIOn, although the current consumers along the Abu ZeIghan Canal have settlmg
basms at the correspondmg pumpmg statIOns (whether theIr capacIty IS suffiCIent IS
not clear at the present) If no settlmg basm IS conSIdered necessary, the ne\\ pIpe
could mltIate at the Tal Al Dahab eXIstmg mtake and by-pass the desanders at Tal Al
Dahab If there IS a need of addItIOnal settlmg faCIlIty at the mtake, 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), "ould have to have a cross sectIOn of about 4 0
to 5 0 m \\ Idth per 35m depth (the length of48 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 dO\\TIstream) of the eXIstmg ones A new ID 900 mm
(or even ID 1500 nun) pIpe connectmg the Tal Al Dahab mtake to the settlIng basms
forebay \\111 have to be Installed, together \\-lth Its own controls at the mtake The {\\o
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e'\.Istmg ID 900 pIpes \\'111 contmue to feed the basms for the needs ofZC I and ZC II
(a mIDI..Imum of about 25 ems) Conveyance capacIty from weIr to desander (Intake
and connectmg pIpes between mtake and desanders) wIll have to be checked,
mcludmg venficatlOn of the vortex submergence for the pIpe that connects to the new
desander (maxImum flow ofabout 4 cms, maXImum velOCIty ofabout 2 3 mps If the
ID 1500 IS mstalled) The 7 km-Iong ductIle Iron pIpe WIll operate under a net head of
about 103 3 m and 'WIll have a mIDI..Imum capaCIty of some 4 cms It wIll reqUIre a
mInImum thIckness of about 10 mm At the Abu ZeIghan outlet, the pIpe WIll reqUIre
an energy dISSipatIOn valve, before releasmg mto the Canal As With the ZC II pIpe,
the new pIpe Will be mostly booed and mIght have syphon stretches, dependmg on the
selected route The prelImmary pIpe ahgnment IS shown m Attachment 1on 1/10000
topographIc maps, together ~llth the locatIon of the eXlstmg structures (as-bUIlt). and
WIth the new scheme component locatIOns For the costIng and alternative
companson purpose, It IS proposed to mcorporate a setthng basm expanSIOn at Tal Al
Dahab

Altematn e IRR2

Thts alternative IS based on the use of the eXlstmg ZC II pipe to convey up to the
maxImum of64 cms down to the JunctIOn "'1th the pumpmg statIOn, and to connect at
thIs pomt a new 2 km-Iong ductIle Iron pipe that would dIscharge mto the Abu
Zelghan Canal a maxImum of 4 cms From the same JunctIOn pomt, the ZC II pIpe
would contmue as IS today, to serve the eXIstmg consumers Because current zcn
consumers do not have desanders, thIs alternatIve requITes the expanSIOn of the
settlmg basms at the Tal AI Dahab Werr up to a total capaCIty of 64 ems and
conveyance capaCIty of watern a) s from the Tal AI Dahab mtake mto the expanded
desanders should be venfied AddItIOnal booster pumps Will have to be mstalled at a
new pumpmg statIon bUllt dov.nstream ofthe eXIstmgJUDcuon Thts alternative also
unplIes a longer mterruptlOn of lITlgatlOn water delIvery to consumers _currently
served by the ZC II conveyance, than under the preVIOUS alternative Attachment 2
presents thIS alternatIve arrangement on 1/10000 topographIc maps, together With the
locatIon of the eXIstmg structures (as-bUIlt), and With the new scheme component
locatIons

AltematlYe IRR3

ThIs alternatIve conSIders the poSSIbilIty of constructmg a conveyance (pIpe or
combmatIOn canal/pIpe) to by-pass only the Hwaret - Abu Zelghan cntlcal reach As
mentIOned prevIously, the ImplementatlOn of such a scheme v.1th closed or open
comeyance, should only be promoted after a careful consideratIOn of the losses and /
or contammatIOn potential upstream of the Hwaret WeIr (at thIS stage, losses seem to
be hIgher along the reach Tal Al Dahab - H\\aret, than along the reach dovmstream of
the H\\aret Weir) A scheme \\lth Intake at Hv..aret and partIally In open conveyance
mIght face the addItIOnal nsk ofcontammatlOn of the canal water by arteSIan salIne
spnngs

3
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Under both sub-alternatIves (ductile Iron pIpe or canal/pIpe conveyance), the scheme
Implementation Imphes the rehabIlItatIOn ofthe Hwaret WeIr and of the mtake wIth
the correspondmg controls The open conveyance sub-alternatIve reqUIres
rehabilItatmg a 1 5 km-long stretch ofcanal currently detenorated and addmg a 2 a
kID stretch of pIpe after crossmg the nver m aqueduct (a canal m thIS stretch IS
dIfficult to buIld and WIll Imply mcorporatmg at least 12 drop structures along a 2 kIn
ahgnment, ralSlng sIgmficantly the cost of the alternatIve)

As 10 the case of AlternatIve IRR1, settlmg faCIlIty addItIOn may be reqUIred at the
H",aret 10take in both sub-alternatIves, If current 1OstallatIOns along the Abu Zeighan
Canal have msufficlent capaCItIes If reqUIred, the settlIng basm at the Hwaret mtake
\\111 have prelImmary dImenSIOns of 40 m-Iong, 5 m-\\lde, 35m-deep, and WIll
mclude a flushmg path back to the nver The 48 5 m head (43 9 m after mctIOn
losses) m the canal/pIpe sub-alternatIve, WIll be dISSIpated through a dISSIpatIOn valve
Installed at the end of the pIpe at the mltIatIOn of the lITIgatIon canal at the Abu
Zeighan WeIr

For a prelImmary deSIgn of thIs alternatIve and of the correspondmg rehabIlItatIOn
\\orks, a complete survey of the m-sItu structures m therr current state wIll be
reqUIred Such sunTey WIll stIll be necessary even If the as-bUIlt dra~lngs of the
H\\aret weIr and of the conveyance canal are located Attachment 3 presents thIs
alternatIve schemes (both closed and open conveyances) on 1/10000 topographIc
maps, together WIth the locatIOn ofthe eXIstmg structures (as-bUIlt), and WIth the new
scheme component locatIOns

3 ~fultI Purpose AlternatIve (Alternative POW)

Po~er addItIOn could be conSIdered for the alternatIves that mcorporate closed
condUIts In order to take advantage of the full 120 m gross head between the settlmg
basm take-off and the Abu Zeighan locatIOn (and to obtam a larger mstallatIOn that
could have more chances to be economically attractive), It IS recommended to
conSider power additIon only to the alternative WIth mtake at Tal Al Dahab Weir A
power mstallatIOn harnessmg the 56 m gross head bemeen Hwaret and Abu Zelghan
\\ould only develop 1 8 MW, an mstalled capaCIty most probably too small to JustIfy
the mvestment

The multI purpose alternatI\ e could perhaps result feaSible only If both the eXlstmg
Kmg Talal power facIlIty (about 5 8 MW), and the new plant added at the end ofthe
com eyance pIpe (some 3 6 MW for a a86 conve) ance effiCIency and a deSIgn
discharge of about 4 cms), \\111 generate on peak for an energy sellmg pnce hIgh
enough to make the power additIOn attractIve But to Implement such a development,
the Imestment \\ould be qUIte slgmficant, partIcularly \..hen mcorporatmg a re
regulatmg pond at the Abu Zelghan site (some 150 m upstream of the weIr), proVIded
\\Ith a spIll\\ay large enough to release the Zarqa River deSign floods ThIS pond
should be able to retam only fresh water discharged through the taIlrace To thIS end,
10\\ and average Zarqa River flo\\s should be diverted around the pond Only Zarqa
RI\ er floods \\lIl discharge mto the pond, WIth the understandmg that ImgatIOn

4
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reqUIrements are mimmal dunng the floods penod Annual maIntenance and cleanmg
wIll be reqUIred to preserve the pondage at the new power plant taIlrace

Before even assessmg the economIC attractIveness of such a 9 4 MW total peakmg
facIhty as compared to the thermal alternatIve, a power market mvestigatlOn should be
completed together WIth the natIOnal utIhty (Jordan Electnc Authonty) to detenmne
the neceSSIty of IncorporatIng at thIS stage In the gnd a pealong InstallatIOn of thIS
rather hmited capaCIty

The conveyance mstaliations are SImIlar to those Incorporated Into the AlternatIve
IRRI, WIth the comment that the new "pIpe" should be thIS tIme a penstock bUIlt out
of pressure vessels malleable steel that IS more expenSIve than the regular ductIle Iron
pIpe (ID 15m could be acceptable and thtckness should probably be at least 10 mm)
The new plant could be eqUIpped V.1th one honzontal shaft FranCIS umt SImIlar to, and
slIghtly larger, than the one currently operated at the KIng Talal Plant The new plant
could be located on the bank of the re-regulatIng reservOIr WIth the taIlrace submerged
properly agamst the mmmmm operatmg level of the lake Attachment 4 presents the
features ofthts alternative on 1/10000 topographIc maps, together WIth the locatIon of
the eXIstmg (as-bUllt) structures

4 Staged De' elopment

The alternatives 1RRI and POW could represent stages of the same development WIth
the pov. er development Installed at a latter stage, when and If reqUIred In thts case,
the ImgatIOn development IS the one \\Ith a totally new by-pass pIpe along the reach
Tal Al Dahab \Verr - Abu Zeighan Canal, WIth the comment that thIs conveyance
should be Installed as a penstock from the very begInmng (that IS, manufactured of
malleable, speCIal pressure vessels steel) Of course, thIs would represent a hIgher
ImtIal mvestment WIth a temporanly non-perfonmng component

5
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ALTERNATIYE~FOR THE

ZARQA RIVER CONVEYANCE STUDY

CONVEYANCE
Alternative Purpose Pipe/Penstock Canal Settling BaSinS Power ~peclal

Length Capacity Length Capduty fi~Xp.lllslon New ~ceonddry Firm FeAtures
Type (KM) (CM~) (KM) (CM~) (CM~) (CM~) (MW) (MW)

IRRI Irrigation Ductile * DISSipatIOn EqUIpment (valve)
Iron 70 40 .j. - 40 11 - 5831 - at Pipe Downstream End

* BifurcatIOn from ZCII
IRR2 IrrigatIOn Ductile ... Increase ofzcn discharge

Iron 20 40 - - 40" - 5831 - (5 8 ems) over First 5 km
... Short mterruptlon ofzcn

consumers
... DI ..'>lpallon rqUlpmcllt at PlpC

Downstream End
IRR3a IrrigatIOn Ductile * Rehablhtatlon of Hwaret Weir

Iron 35 40 - - - 4021 5831 - & Intake
* DIsSipation EqUIpment at

Pipe Downstream Cnd
IRR3b Irrigation Ductile * Rehablhtatlon of Ilwarct Weir

Iron 20S1 40 I 5 40 - 4021 5831 - and Intake

- * Rehablhtatlon of I 5 km
Ex.lstmg Canal

* 300 M Aqueduct
POW Irrigation Pressure ... Re-regulatmg dam and fresh

and Vl.ssel 70 40 - - 4011 - - 9441 water pond at the Abu-Zelghan
Power Meel site

* DiverSion of low and average
average flows of Zarqa R
Upstream ofAbu-Zelghan
Weir

~ 11 At 1al AI Dahab Weir (If reqUired)

2/ At Hwaret Weir (If required)

3/ Ex.lstmg Plant at Kmg Talal Dam

4/ Includes new 3 6 MW Plant at the Abu-Zelghan Site

5/ IndudL." AquL.duL.t length

6
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