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EXECUTIVE SUMMARY

ThIS report presents the results of an envIronmental assessment, an economIC and financIal
analysIs, and a prelnmnary desIgn of the Zarqa RIver Conveyance Study, a component of the
Jordan Water QualIty Improvement and ConservatIOn Project The Conveyance Study was
InItIated to evaluate the potentIal for ImprovIng the conveyance efficIency of the Zarqa River
channel and the quality of water dIverted from the Zarqa RIver at the Abu Zelghan WeIr The
study has been performed by Harza EngIneerIng Company (Harza) In aSSOCIatIon WIth
ConsolIdated Consultants (CC) under a subcontract WIth Development AlternatIves, Inc

PrevIous reports aSSOCIated WIth thIS study have Included an InceptIOn Report, a Data
EvaluatIOn Report, and a Conceptual StudIes Report whIch covered the IdentificatIOn and
evaluatIOn of alternatIves resultIng In the selectIOn of a preferred alternative

Based on these earher studIes, It was concluded that no losses occur m the Zarqa RIver
channel upstream of the Hwaret WeIr and pOSSIbly some losses occur between the Hwaret
WeIr and the Abu Zelghan WeIr It was further concluded that the salIne sprIngs and seeps
located In the reach between the Hwaret WeIr and the Abu Zelghan WeIr degrade the dIversIOn
from the Zarqa RIver to the Kmg Abdullah Canal to the extent that yIelds are slgmficantly
reduced In the IrrIgated area The preferred alternatIve to Improve the quality of the dIverSIon
IS to dIvert the releases from the KTD at the Hwaret WeIr around the area of seeps and
spnngs

The Jordan Valley AuthOrIty reVIewed a draft of the Conceptual Report and deCIded that the
preferred alternatIve conSIsted of a plpelme form the Hwaret WeIr to the Abu Zelghan Canal
The studIes aSSOCIated WIth thIS report were onented toward the confirmation of the techmcal,
economIC, and envIronmental feaSIbIlity of thIS alternatIve and the development of a
prehmmary deSIgn

TopographIC surveys were performed for the components ofthe preferred alternative The survey
data were drawn for a one meter contour Interval and dIgItIzed The dIgItized maps were redrawn
to a scale appropnate for the prelImmary deSIgn of the structures ofthe recommended alternative

Geotechmcal studies, conslstmg of field and laboratory InvestIgatIOns, were performed and as
a result, It was concluded that the proposed structures can be supported by the foundation
matenals at the SIte proVIded that certam reasonable deSIgn cnterIa are met These crltena were
used In the preltmlnary deSIgn

Prefcrrcd ProJcct Componcnts

The project WIll consIst of the replacement of the Hwaret WeIr, an mtegral Intake structure, a
desandmg basm, a pIpelme conveyance system WIth two nver crossIngs, and an outlet structure
Prehmmary deSIgns were developed for the follOWIng components

The geotechmcal InvestIgatIOn mdlcated a preference for the replacement of the old weIr rather
than rehabIlItatIOn Therefore, the e\.lstIng weir, mtake, and the canal m the Hwaret WeIr area
WIll be demolIshed and the area WIll be excavated, cleared, and prepared for the constructIon of
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new structures The new weir will have an hydraulIc height ofabout five meters and be about
41 5 meters wide WIth a crest level at EI -184 m A senes ofconcrete blocks wIll be mstalled for
energy diSsipatiOn

The mtake structure Will be located on the left bank wIth ItS crest IS at El -184 m Flow to the
mtake WIll be regulated by slUice gates and a trashrack WIll be used to prevent trash from entenng
the pipe

A desandmg basm Will be located on the left bank, about 20 meters downstream from the
downstream end ofthe mtake ProvIsIon for the desandmg basm was consIdered necessary based
on the expenence at Thahab WeIr The desandmg basm Will cause settlement of all sedIment
greater than 0 1 mm and much ofthe sedIment between 0 06 and 0 1 mm

The pipeime WIll be about 3 7 Ian long and have an lOner diameter of 1 4 meters Two Viaducts
are reqUired for nver crossmgs The pIpelIne has been alIgned to avoId dwellmgs, to stay close
to the road and to provIde mInImUm number of bends Average excavation along the route IS

about two meters

The outlet structures mclude an energy dIsslpatlon valve and house, and an outlet basm The
outlet WIll dISSIpate the flow energy WIth two Barley polYJet valves After eXltmg the valves, the
flow WIll enter an outlet basm from which It will be delIvered m the Abu Zelghan Canal

Cost of ProJect

The Project cost was developed usmg umt prIces collected through mqumes With local
manufacturers and contractors and materIals quantities estimated from the prellmmary deSIgn
drawmgs The ongmal concept ofbasmg the umt pnces on three SimIlar ongomg projects, as per
the scope of work, was not possIble as no ongomg or recently completed projects could be
Identified The pIpe costs was based on costs collected through the survey and quotatIons from
a US manufacturer

The constructIOn cost IS estImated to be JO 5 3 millIon TIllS cost mcludes field costs, a
contmgency allowance of 15 percent, an estImate for final deSign, and an allowance of 10 percent
for engmeermg servIces dunng constructiOn and owner's admInIstrative costs

OperatIOn and mamtenance costs are estImated to be JD 55,000 per year based on provldmg the
services from the JVA'a eXlstmg O&M group

EconomIC AnalySIS

The project benefits accme from the supply of better qualIty water to the KAC The benefits wIll
be measured m tenns of Improved yields and a reduction m damage to the crops The assessment
of the effects of the project on crop productIOn and economic returns 10 the affected area was
based on water quality data collected by JVA at key locations 10 the lITIgatIOn system, economic
data obtamed from results of two surveys of randomly selected farms m the central and southern
Jordan Valley, and data on croppmg patterns for the southern Tordan Valley obtamed from
published statistics and from unpublished data proVided by JVA
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The assessment approach Involved estlmat10g the effect of EC on the yIeld of mdlvldual crops
grown m the southern Jordan Valley dunng the 1990-91 through 1994-95 grow1Og seasons
The economic data used m the study came from two sources covenng different penods and areas
10 the Jordan Valley For the 1991-1992 season 10 the southern Jordan Valley, economIC data
were collected from Salman, 1994 and for the 1993-1994 season 10 the central Jordan Valley
from the Water & Environment Research & Study Center, 1995 Data were aVailable for most
of the more WIdely planted crops and for several technologIes

Under current operatmg condItIOns much of the water In the KAC 10 the summer months IS
dIverted to Amman for mumcIpal and 10dustnal use ThIs IS lIkely to contmue as long as
supphes In Jordan are scarce Under these conditIOns, It IS estImated that the annual benefit
to the Project amounts to JD 1 7 mllhon If the dIversIOn to Amman vanes dependmg on
other supplIes, It IS estImated that the annual net benefit would amount to about JD 860,000
The economIC analySIS was performed for both values Any mdlrect benefits were not
conSIdered

The economIc JustIficatIOn of the project was evaluated usmg net present value and benefit-cost
ratIO cntena These cntena were computed usmg a 10 percent dIscount rate and a 50-year penod
of analySIS Based on a constructIon cost of JD 5 3 million and benefits amountmg to JD I 7
mIllion per year, the Project IS economIcally JustIfied WIth a benefit cost ratIo of 2 9 and a net
present value of about JD 10 millIon For a benefit of JD 860,000, the B/C would be about 1 5
and the NPV would be JD 2 4 mIllIon

FmanCIal AnalySIS

The finanCIal analySIS was perforn1ed to esttmate the annual "equalizatIon revenue" reqmred to
result 10 a cumulatIve present value of the cash flow equal to zero ThIS approach was taken
because It IS dIfficult to estImate the revenue to the natIOn as a result of the ImplementatIOn of
thIS project and, therefore, the denvat!On of a finanCIal rate of return IS not relevant The raho
of thIS annual equalIzatIOn revenue to the total net benefit provIdes an 1OdlcatIOn of the
"coverage" that the Project Improvements provIde Allowmg for 100 percent debt financmg, a
6 0 percent cost of debt ( based on the assumptIon ofa soft loan), and a debt repayment penod
of 20 years, the equalIzatIOn revenue would be about JD 430,000 per year whIch IS about 25
percent of the annual benefit Therefore, taxes 111 the amount of 25 percent of the additIOnal
mcome would repay the Project loan and operat1l1g costs m 20 years

PrOject Implementation

ft IS expected that the Project can be m operation by AprIl 1997 It deSIgn IS started m May 1996

EnVIronmental Impact

Three alternatives and a "no-actIOn" alternative wele evaluated for potentIal envIronmental

Impacts The alternatives mcluded

A pIpelIne from Hwaret Weir to Abu ZeIghan WeIr (preferred project),

2 A combmatlOn ofcanal-plpelme from IIwaret WeIr to the Abu Zelghan Welr, and
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3 A pipelIne from Thahab Weir to the Abu Zelghan WeIr

For each alternative, the environmental Impacts were analyzed for surface water, ground water,
water qualIty, vegetatIOn wlldhfe, aquatic resources, and human environment The preferred
project Indicated least Impacts Most of these Impacts can be aVOIded with appropnate
mitIgatIon measures as follows

ConstructIOn Impacts are expected to be mmlmal as constructIOn w111 lIkely occur dunng
the summer months as recommended

CompensatIOn for the destructIOn of any crops dunng constructIOn IS recommended

Fuel storage and fuelmg areas Will be located away from cultivated areas, areas that dram
mto cultivated areas or the stream channel

SpIll cleanup matenals WIll be proVided and stored on-SIte for qUick access

Although not proVided for m the prehmmary deSign, a mInImUm release faCility can be
added to the weir through the diverSIOn condUit

The envIronmental study report has been published as a stand-alone report In addition to an
expansIOn of the above, It mcludes a diSCUSSIOn of the environmental Impacts of two other
potentially feaSible alternatives, compatible With the selected alternatIve, leadIng to the final
selectIOn of the preferred alternative

Recommendation

Because the project IS technIcally EnVironmentally and economically fea Sible, It should be
Implemeted as qUIckly as pOSSible
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Chapter 1

INTRODUCTION

1.1 General

The Umted States Agency for InternatIonal Development (USAID) IS supportIng Investments to
asSISt the Government of Jordan In ImprovIng the management and conservatlon of water
resources As a part of tlus assIstance, the Iordan Water QualIty Improvement and ConservatIon

_ Project (WQIC) was InltIated under Contract No 278-Q288-C-Q0-4026-00, between Development
Alternatives, fnc (DM) and USAID

The Zarqa RIver Conveyance Study was Included as a part of the WQIC program to evalute the
potential for Improvmg the conveyance effiCIency of water released from Kmg Talal Dam (KTD)
and the qualIty of water diverted from the Zarqa RIver at Abu Zelghan WeIr The objectIve of
thIS study IS to assess the technIcal, environmental, economIC, and finanCIal feasibility of
conveyIng water effiCIently and ImprovIng-quahty In the 23-lalometer reach of the Zarqa RIver
between KTD and Abu Zeighan Werr

The study was performed In two phases Phase A has been completed and coIlSlS1ed of a
conceptual study to IdentIfy feasIble afternatIves=and-pnontIes Phase A was dlvlded-mto-tlrr~

parts 1) data collectIon and evaluatIon, 2) analysts of data,-lUld 3) IdentIfication and evaluatIon
of alternatIves to mItIgate channel effiCIency or qUalIty Impacts leading to the selectIon of a
preferred alternatIve- Phase-B, whIch IS the subject of thIS report, mcludes an enVIronmental
assessment of the alternatIves selected m Phase A, and an economIC and finanCIal analYSIS and a
prelimmary deSIgn for the elements of the preferred alternative

Pertment data and mformatIon relevant to the study were collected In Phase A, Part 1 and
presented In an mceptIon report In Apnl 1995 The Phase A, Part 2 report entitled, "Data
EvaluatIOn," was submItted In May 1995 The Phase A, Part 3 report, whIch mcI~ded a
conceptual study of VarIOUS alternatIves and a selectIon of a preferred alternatIve, was finalIzed
and submItted In February 1996

1.2 AuthonzatIon

ThIS study IS bemg performed as a part of the Jordan Water QualIty Improvement and
ConservatIOn Project by Harza EngIneenng Company (Harza) In asSOCiatIOn WIth Consolidated
Consultants (CC) under a subcontract WIth DAI

1.3 Scope

The seope of work for Phase B conSIsted of the follOWIng tasks

An assessment of the natural, SOCial, and economIC enVIronment to mclude a seopmg
statement and an assessment prepared In accordance WIth USAID enVironmental

1-1
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1.4 Mobilized Staff

regulatIons

FIeld studIes to mclude topographIc surveys and a geotechmcal assessment

PosltlOn
Project Manager
Lead Engmeer
Semor Planmng Engmeer
Semor-Hy.droiogist
Planmng Engmeer
Planmng Engmeer
Planning Engmeer
Deputy Manager
HyrogeolOgiSt
Geologlst
Water Engmeer
Semor Hydraulic Engmeer
HydrologIst
Semor CIvIl Engmeer
Sewor CIvIl Engmeer

1 5 Background

Company
Harza
Harza
Harza
Harza
Harza
Harza
Harza
CC
CC
CC
CC
CC
CC
CC
CC

IndiVIdual
MIchael Saunders
Khafid Jawed
Alex Vircol
Monica Cheng
T-onyWolff
Joe Moawad
KIrk Peterson
Khaled Murad
o Rtmawl
I Abu Taha
L Kandah
S Smadl
S Dwem
N Nafash
M Habash

The development of capItal and O&M costs usmg sIml1ar on-gomg projects

A prelImmary desIgn and the preparatIon of drawmgs for the selected alternatIve

An economIc and financIal analySIS of1he preferred altematlve

Phase B was performed as a cooperatIve effort by Harza and CC staff The personnel mobIlIzed
to perform thIS effort mcluded the followmg mdIviduals.

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 RAC to Amman for mUnICIpal and mdustnaI

In the later part of the 1970's, the Jordan Valley Authonty (IVA) 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 IVA perfonned a two-day study that appeared to confirm tlus SUspIcIon
Over the next ten years, a total of SIX studIes were performed In an attempt to confirm that losses
do occur, to quantIfy the losses, and to IdentIfy the rIver reaches withm WhICh the losses were
occurrIng In 1994, two addItIOnal studIes were performed, one by the Umversity of Jordan
WhICh conSIsted of a water balance study of the rIver usmg estImated data and the actual data
proVIded by the JVA, and one by ISPAN WhICh conSIsted of a reVIew of the other studIes The
ISPAN reVIew was done to support fundmg by USAID of addItIOnal study of the Zarqa RIver
channel effiCIency

I
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1.6 DescnptIon of Project Area

1.6.1 Zarqa River Basin

In addItion, potential for developIng hydroelectric power IS includ.1ngJn the study plan

t1

3,300
3,396
3,431
3,440
3,540

Dramage Area
(Sq Km)

Location

KTD
Thahab WeIr
Hwaret WeIr
Abu Zelghan Weir

@ confluence WIth the Jordan RIver

ExhIbits 1 1 and 1 2 show the general locatIOn of the project and the zarqa River basIn
downstream from KTD, respectIveIy

KTD was constructed In the 1960's and raIsed In the 1980's The dam IS about 110 meters (m)
hIgh and Impounds a reservOIr of about 86 million CUbIC meters (MCM) at the nonnaI pool level

The overall ObjectIves of thIS conveyance study, therefore, are to

The Zarqa River baSIn of Interest for thIS study IS the basm below KTD located about 40
Ialometers (Ian) upstream from the confluence of the Zarqa River WIth the Jordan River and about
23 kIn upstream from the KAC The drainage areas of the flver at selected locatIOns are shown
below

1 Develop a defendable argument WIth respect to channel losses,
2 If warranted, recommend a plan to unprove -channel efficIency, and
3 Identify the means to Improve the Zarqa River water quality

(M&I) use has resulted In a greater use of the poorer qualIty Zarqa River water for IrrIgatIOn on
lands In the Jordan Valley south of the Zarqa River DUrIng the summer months of 1994, all of
the water dIverted Into the KAC from the Yarmouk RIver was used In Amman or on the lands
north of the Zarqa River The apphcatIon of Zarqa River water to the lands south of the nver has
eVIdently resulted In decreased yIelds and damage to the CItruS trees The detenoratIon of the
qualIty of the Zarqa River water IS caused prImanly by a serIes of salt spnngs and seeps located
In the lower reach of the nver

The Zarqa River IS a major trIbutary of the Jordan RIver and ongmates In the central part of
Jordan at an elevanon of about 1,600 meters above mean sea level (EI 1600) near Salkhad and
Jams the Jordan River at an elevatIOn of -300 meters below mean sea level (El -3(0) The-river
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 vanes around 700 meters, whIle the Valley range~from -200 to -400
meters
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(El 179)

Over the 23-km nver reach between KTD and the KAC, the Zarqa River flows through a
wmdmg, steep-sIded valley In thIS reach, there are three weIrs, Thahab, Hwaret, and Abu
Zelghan

Thahab WeIr IS located approxunately 11 -S km downstream from KID ThIS IS a concrete
diverSIon weIr used for dIvertmg water from the weIr mto Carner PIpes I and II for IrrIgation
The capaCItleS of these pIpes are about I~OOO and 1,770 htres per second (lIs), respecovely

Hwaret WeIr IS located about 5 Ian downstream from the Thahab WeIr The weIr served a canal
~ With a capaCIty of 800 lIs for Irngaaon in the Valley The weir and canal are m poor condIaon

and have been abandoned by the IVA

Abu Zelghan WeIr IS located atthe eastern edge 'Of the Valley and dIVerts Zarqa River water Into

the KAC through the Abu ZelgharrCanal The capacity oftlns canalIS about 7,500 lis

1.6.2 GeneralOimate

The general clImate of the Zarqa RIver basm IS a-transItIon -between Mediterranean and arId
cfImate Altitude and latitude control prevaIlmg weather Average dally maxImum and mlillmum
temperatures are 45 C and 5 C, respectively There IS a rapid decrease m relative humidIty and
precipItation mOVIng east of the Jordanian-Hlghlantls

In wInter, northeast Winds bnng contInental polar air from the mtenor of ASia and make the
Valley cool for Its latItude The mean temperature of the plateau of Amman durmg January IS
about 8 C compared to about 14 C m the Valley Ground frosts are frequent on the plateau durmg
WInter mghts DUrIng spnng, KamsIillc frontal depreSSIOns travellmg from the north Afncan
coast occasIonally cause abnormally Increased surface wmds and temperatures ASSOCiated
unstable arr at hIgher altItude often develops mto thunderstorms WIth occaslOnal harl A seasonal
low pressure trough whIch occurs In summer over the ArabIan Gulf, Iraq, SyrIa, and Cyprus
causes westerly WInds to enter Jordan from MedIterranean FallIS asSOCiated WIth a change m the
pressure system as the seasonal trough extendIng over Cyprus to Iraq begInS to mIgrate southeast
MedIterranean depreSSions start developmg With contmental air from the ASIatiC Steppes and
warmer mOIst aIr from MedIterranean Sea, causmg a decrease In temperature and the onset of
seasonal frontal rams

Annual precIpItation IS hIghest over the elevated edge of the Valley and decreases gradually
toward the eastern deserts Mean annual precIpItatIon over the entire Zarqa RIver basm IS about
235 mm Over the basm, downstream from KID, the annual preCIpItatIon decreses sIgmficantly

Mean monthly precIpItation at Amman, located In the HIghlands, vanes from zero (m the months
of June through September) to about 65 mm In January HIgh precIpItatiOn occurs dunng the
months of December through March Mean monthly temperature of Amman vanes from about
8 C (January) to about 26 C (July-August)
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1.6.3 Water Resources

The mflow to KTR mcludes three components, 1) natural streamflow, 2) dIversIOn from the
Qa'Khanna Basm, and 3) mumclpal and mdustnal return waste water from Amman, Zarqa, and
VIcmlty Monthly flow data for these components were collected by Harza from vanous agencies
m Jordan mcludmg the N A and the Water Department dunng the hydrologIcal mvesttgattons for
raIsmg KTD and storage on Side wadiS The pertment reports are lIsted below

1 Harza Overseas Engmeenng Company, "The RaIsmg of Kmg Talal Dam, FeasibIlity
Study, tt prepared for the Jordan Valley Authonty, AprIl 1982 (Harza, 1982)

2 Harza Engmeermg Company InternatIOnal, "The Ratsmg of Kmg Talal Dam, Fmal
DesIgn Report," prepare(I-forthe Jordan Valley Authonty, August 1983 (Harza, 1983)

3 Harza Engmeermg Company m associatIon With Arabteeh ConsultIng Engmeers,
"Storage FacilitIes m Jordan Valley, Fmal Report on TechnIcal, EconomiC and
FmanClal Feasibuity and PrelImmary DeSign, " Three Volumes, prepared for the N A,
Apnl 1989-(Harza, 1989)

The mflow data from October 1953 through September 1985 were obtamed from the prevIOUS
repoltr Additional datallP to September 1994 were collected as part of thIS study

Based on the-:above -data, mean annual flow m KTR IS about 230 cms The mean annual
mtervemng-ilow between KID and Abu Zetghan WeIr IS about 0.13 cms ExhibIts 1 3 to 1 6
show the monthly flow data for 2arqa RIver at KID, mtervemng flows from the area between
KTD and Zelghan Welr,mtervemng flows from the area between KID and Thahab Werr, and
mtervemng flows from the area between KTD and Hwaret Weir, respectIvely

1.6.4 Watershed CharacteristICS

The nver reach between KID and the Thahab WeIr IS about 11 5 krn long, WIth an mtervenmg
draInage area of about 96 sq Ian The nver valley IS narrow With steep, hIgh hIlls on both banks
A number of small tnbutanes drammg the steep hIlly slopes, and relatIvely flat slopes near the top
of the hIlls Jom the Zarqa RIver SIgnIficant tnbutanes are WadI en Nairn, WadI el Azab, Wadi
el Huna, WadI Abu er Ruwels, and Wadi el Bam Small VIllages and a few scattered homes are
located on the flat slopes

The steep-sIded valley In thIS reach has many mdIcatIons of mstabIhty, and there IS a potentIal of
land-sltdmg The channel has been downcut through sandstone and lImestone formatIon The
channel bed conSIsts of large cobbles, gravel, shmgle, and coarse sand WIth underlymg stratra of
fine sand and gravel SOlIs are dommantly clayey SlIt and fine sand WIth relatIvely low
penneabIlIty Agnculture IS practIsed on both banks There IS a well-developed farm on the left
bank near the concrete factory mmmg area Two lIft IrrIgatIon pumps were seen dUrIng the field
VISIt on AprIl 18, 1995

The reach between Thahab WeIr and Hwaret WeIr IS about 4 8 km long WIth an mtervemng
dramage area of about 35 sq Ian The flver valley IS somewhat WIder compared to the upper
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reach The flver bed consIsts of cobbles, gravel, and sand The underlymg strata IS fine to coarse
alluvIUm

Three mam wadIs enter the flver m thIS reach m addItIon to small watercourses These mclude
Wadi Sadd en NIm, WadI Hallaj, and Wadi el Tahima AgrIculture IS practIsed on both banks
where feasIble SoIls are dommantly clayey slit and fine sand WIth relatIvely low permeabilIty

The nver reach between Hwaret and Abu Zeighan Weirs IS about 4 7 Ian long With an mtervernng
draInage area of about 9 sq Ian Downstream from Hwaret Weir, the valley Widens and permIts
cultivatIOn especIally on the nght bank The Irngated area IS served by one of the pipeimes
ongmatmg at the Thahab WeIr SIgrnficant lrnganon return flow or overflow from the

- watercourses can enter the Zarqa River In thIS reach.

A few small wadIS enter the nver The two named wadIS are Rand EI Mokhamah and HanIfa.
A number of sprmgs eXIst In thiS reach

1.6.5 Geology

The study area conSISts of four dIstmcnve geomorphIc-tOpo~raphIC zones The geomorphIc
topographIc zones, m accordance-with MilliStry of Agnculture and Natural Resources Authonty
(NRA) classificanons, are as follows

HIghlands where the elevatIon exceeds 800 m::above meaILSea:1evel
Escarpment WIth an elevatIon range between 800 m and sea level
Footlulls WIth elevatIons m range of sea level-and 200 m below sea level and
Rift Zone winch IS between 200 m below sea level and Dead Sea level

The lughlands are located away from the Zarqa River to the north, south, and west The area
between the KID and about 5 Ian downstream from the dam IS classrfied as "escarpment" The
area located between 5 Ian 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 charaetenzed by the presence of varIOUS exposures of
geologrcal formatIons The hIgWands are charaetenzed by upper cretaceous sedIments of the lower
part ofthe Ajlun Group Because oftlus formatIOn, occasionallugh slope cuts dommate m the areas
of hIghlands From SubeIhI area to Zarqa RIver and from Khashaba village to Zarqa RIver, lower
cretaceous rocks (Kurnub Sandstones) are exposed WIth occasIonal appearance ofJurasSIC rocks

Because ofhthologIcaI nature ofthe Kurnub formatIon wInch mamly COnsIsts offnable sandstone WIth
some mtercalatlOns of calcareous sandstone, the slopes of the Zarqa River flanks are steep vanng
between 15 and 8 percent Because ofthe lItholOgIcal nature ofJurasSIC rocks, whIch are lunestone
and dolonutIc hmestone, warn flank slopes are relatIvely less steep m the range of 5 to 8 percent In
the foothtll area, the lItholOgIcal nature of the exposed TnaSSIC rocks, whIch conSIst of lImestone,
shales marIs, and marly lImestones, has resulted m gentle slopes m the range of 3 to 6 percent
Downstream from the foothIlls towards the Ghor area, where RIft Valley Zone predommates and
quaternary rocks ofthe LIsaI1 fonnatIon, allUVIUm, COllUVIUm, and soll(s) are present, the Zarqa RIver
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channel slope IS relatively flat The rocks exposed In tills zone are Kurnub, Tnasslc, JurasSIc, and
Quaternary Due to the dIfferent types ofrocks exposed m thIs zone, the slopes ofthe adjacent flanks
are vanable and range between 3 and 15 percent

The rock uruts exposed m the area between KID and the Abu Zelghan WeIr range m age from
TnaSSIC to recent The spatIal dlstnbutlOn of these rock uruts m the order of their eXlstence IS
discussed below

Kurnub sandstone ofearly Cretaceous age IS exposed at KID and extends downstream untIl JurasSIC
rocks appear These JurassrCTocks are older mage and_extend downstream untIl rocks ofthe Tnasslc
age (the oldest rocks) become exposed at the surface -ofthe wadI course and m the adjacent area as

- a core ofa geolOgical wmdow Further dowmstream-from the Tnassic rocks)" the JurasSIC reappear
agam. Lastly, Quaternary deposrts-(hsan, allUVIal, and COllUVIal depOSits) unconformably overlte the
JurasSIC rocks

The Tnasslc-Jurasslc rocks exposed m the area and encountered m deep wells dnlled m the Jordan
Valley and other parts ofJordan are knows as the Zarqa Group, winch IS further subdIVIded mto two
formations the Mam FonnatIon (ZI) ofTnassic age and Azab FormatIOn (Z2)

The rocks oftheM:am.~ormatlOn (ZI) are exposed over a-reachufabout3 5 km-startmg at a dIstance
o£about5 km downstream ITom the KID along the Zarqa RIver ThIs fonnatIon COnsIst of shales
clays, marly lImestone, marls, calcareous sandstones, lImestones, and masSIve gypsum beds, where
the:gypsumhands-arelDIIled for the use mthe manufacture ofcement. The tluckness oftlus fonnatlon
reaches about 100 m as -exposed m WadI Huna

The Azab FormatIon (Z2) COnsists of lunestone, hard, masSIve, yellOWish-gray m color, dolomrte,
sandstone, .and shale ThIs fonnatlon1S exposed In two regions along the course ofZarqa RIver The
first exposure appears at the KID along a stretch of5 km where It overlIes the Mam Formation The
second exposure starts to appear once agam as an overlymg matenal ofMam Formation 8 5 km
downstream ofKID

The Early Cretaceous rocks whIch are known locally as the Kurnub Group (K), overlte conformably
the Azab FormatIOn ofthe Zarqa Group The Kurnub Group IS not exposed along the nver course
between KID and the Abu Zelghan WeIr, but It IS exposed on both flanks of the nver course It
COnsistS ofarenaceous depOSits at Its base, generally composed ofwrute sandstone With thrn beds of
dolomrte, and shales, whtle m ItS upper part, It consists ofvancolored sandstones With mtercalatlOllS
ofshale, ltmestone, dolOmIte, and marl

The Quaternary depOSits consist of the Llsan FormatIon and recent superfiCIal depOSIts The Ltsan
FormatIon COnsIsts ofmarL clay, gypsum, and occaSIonal gravels of braclash-Iacustnne depOSIts It
IS exposed on both flanks of the Zarqa River downstream ofthe Abu Zetghan bndge Its exposure
on the left flank 15 dIrectly near the nver whIle, on the nght flank, It IS more than 100 m away from
the nver Recent superfiCIal depOSIts occasIOnally cover the Lisan depOSits Generally, these depOSIts
conSIst ofallUVIal fluonte, colloVlum, fan depOSits, talus depOSits, and SOlIs These depOSits COnsist
ofunsorted coarse to fine clastIcs The AllUVial depOSIts along the Zarqa RIver course have a vanable
thIckness ranging from few centImeters to more than 40 m as mdicated m the recently dnlled well
downstream ofthe Hwaret Weir (Abu Zelghan well No I)
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1.6.6 Groundwater Regnne

There are two mam aquIfer systems In the area, the Lower AquIfer System and the Upper AqUIfer
System The Lower System conSISts prunanly of 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 system The Upper AqUIfer System conSISts of alternatmg
aqUIcIudes and aquIfers of Late Cretaceous-Early TertIary Age of the AJlun and Balqa Group (Al
7 and B1-4) and covers most parts of North and Central Jordan ExhIbIts 1 7 to 1 9 prOVIde an
Idea of the groundwater system In the study area

Two separate water levels and different water qualines are observed m the Kurnub Group and the
~ Zarqa Group In some places In the lughlands lIke Subelhi and the Baqqa' area. Howe:ver, .these

form one stanc water level m the RIft Valley

Recharge occurs over the hIghlands through the Upper Aqutfer System Because of the
topography, there is a groundwater diVIde m the recharge area Some of the groundwater In the
Upper Aquifer system moves towards the Jordan Valley m the west and appears on the escarpment
as base flow, seepage, and sprmg flow (good water qualIty) while most of the water moves
towards the east away from the dIVide As water flows eastw-ard In the Upper AquIfer Sy.stem,
it mfiltrates-dgwnwards-through=tfre-drlferent aqUIfers, aquItards, and aqUlcludes through fractures
and major and mInor faults unul it finally recharges the Lower AquIfer System In the Lower
System, the water changes Its directIon toward the west and finally emerges as spnngs or is
encountered m-wells (flOWIng and nonflowmg) WIth thermal brackish water m the Jordan V~ley

Seepage and spnngs of a brackish and thermal nature are present over almost all of the reach
between the Hwaret Weir and the Abu ZeIghan WeIr, and connnuosly recharge the surface water
flow In the Zarqa RIver Because of seepage and sprIngs, the water qualtty of the 2arqa RIver
IS severely Impacted In thIS reach

1 6.7 Water Quahty

The JVA has a comprehenSIve and extenSIve water qualIty morutonng program which mcludes the
Zarqa River and the KAC The data collected at varIOUS locatIons were evaluated EC is In the
range of 1 10 to 1 25 mmhos/m near the Hwaret Weir and Increases to between 2 0 and 3 5
mmhos/m near the Abu Zelghan WeIr

1 7 EXIStmg Developments

EXIstIng developments on the Zarqa River III the study area conSIst of the KTD, three dIverSIOn
weIrs - Thahab, Hwaret, and Abu Zeighan, and two carner pIpelInes deSIgnated as zarqa Carner
I (ZCI) and Zarqa Carner II (ZeII)

KTD was constructed In the 1960'Sand raIsed m the mId 1980's The dam IS about 110m hIgh
and Impounds a reservOIr WIth a gross storage of 86 MCM at EI 179, the normal pool level The
reservOir stores spnng flood runoff, dIverSIOns from the Qa'khanna BaSIn, and return flow from
the M&I supply to Amman for the eventual IrngatIOn releases to the Jordan Valley The project
mcludes a gated spIllway WIth a capaCIty of 4,500 ems and a two-umt powerhouse With a rated
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1.8.1 Phase A, Part 1, "Inception Report"

Channel losses occur prImarIly In the reach below the Thahab WeIr

1.8 Summary of the Phase A-Reports

185 Om
1790m
-860 MCM
123 Om
82-MCM

ElevatIon of top of dam
Normal pool level (NPL)
Storage at NPL
Mimmum reservOIr level (MRL)
Storage at MRL

Improvement of the quality of the Zarqa RIver water dIverted Into the KAC IS essentIal to
mamtenance of the mtegnty of the IrngatlOn actiVIties m the Jordan River Valley south of
the Zarqa RIver

Based on prelIminary analySIS of the data, field VISItS and dISCUSSions WIth the IVA's staff, the
follOWing conclUSIOns were drawn

The actiVIties asSOCiated WIth Part 1 Phase A mcluded data collection, a prelImInary analysIs of
the data, and a reconnaIssance of the study area. The data collectIon actiVIty COnsiSted of meetmgs
With the IVA and the Water Authonty ofJordan, and the collection of operation data for KID and
the KAC, water quality data for the Zarqa RIver and the KAC, and basiC data related to the earher
channel conveyance effiCIency studies MeetIngs were held WIth members of the staff of the
OperatIOns, Water Quality, and PlannIng umts, and staff of the Water Authonty's Irngatlon
Department

The favoured alternatIve to Improve water qUalIty and the conveyance effiCIency of the

Dunng Phase A, the preferred .alternative was selected after basIC -data were collected and
evaluated and a senes of alternatives were conSIdered A summary IS presented here, and
more detail IS presented In the subsequent-ehapters.of tlus report

The tlurd weir downstream IS the Abu Zelghan WeIr WhIch IS located about 20 km downstream
from KTD and about 2JaILupstream from the KAc.

Hwaret IS the next downstream weIr, located about 18 Jan downstream from KTD The welT IS
m a poor condItIOn and has been llbandoned A canal ongmatIng at the weIr has also been
abandoned

capacIty of 4 0 MW The outlet capacIty of the reservOIr ranges from 1 2 cms to 6 5 cms through
the powerhouse and 21 0 ems to 31 5 cms through the emergency outlet ReservOIr charactenstlcs
for the reservOIr are lIsted below

Thahab WeIr, the most upstream weir, IS located about 13 Ian downstream from the KTD (along
_ the nver thalweg) It diverts water mto two carner pIpes, ZCI and zcn The ZCI supplIes water

to the Zarqa Tnangle, whIle the zcn serves the Middle Ghor
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zarqa RIver IS to dIvert the releases and the unregulated water of the Zarqa RIver at
Hwaret around the reach of saline mflows

1.8.2 Phase A, Part 2, "Data Evaluation"

A comprehensIve report was prepared on data evaluatIOn The evaluatIon studIes were dIrected
at channel efficiency and water quality

The channel efficiency study mdIcated that lIttle or no loss occurs m the reach of the Zarqa RIver
between-KID and the Thahab Werr Between the Thahab Weir and the Abu zelghan Weir, losses
may occur when the flows m the nver are greater than about 1,000-1/s The losses may vary

- between 10 and 15 percent

Evaluatlon of water quality data was made at a number of observation locatlons ThIs evaluatIon
mdlcated that

Water mthe KAC, north of the ZarqaRiver, whIch pnmanly ongmates ill theYarmouk
RIver, has been and contmues to be of good quahty and sUitable for Irnganon WithOUt
restrIctlon

The qualIty of the water released from KTD IS margmal and may be deterIorating

Water from the sahne "SprIngs_and seeps would be toXIC to crops, If undIluted

MIxmg of the water from KTD and the seeps and spnngs results ill an IrrIgation supply
that must either be dIluted or wIll cause-slgmficant reductlons m the yields of vegetable and
CItruS crops

Detenoratlon of the KTD releases occurs m the rIver reach between the Hwaret WeIr and
the Abu Zeighan Weir

Based on the above observatIons, It was concluded that to Improve the qUalIty of water bemg
delivered for ImgatIon, eIther the seeps and spnngs should be dIverted away from the rIver or the
KTD releases should by-pass the flver reach between the Hwaret and Abu Zelghan weIrs

1.8.3 Phase A, Part 3, "Selection of a Preferred Alternative"

Several alternauve concepts listed m the Scope of Work, plus configuratIons that were IdentIfied
after site VISIts and discussIons WIth the JVA, were consolIdated mto five alternatIves for
evaluation four Irngatlon supply schemes (IRRI, IRR2, IRR3a, and IRR3b) and one IrrIgation
and power development scheme (POW) In defmmg the alternatIves, the opmiOns of the personnel
from the Imganon Department and IVA who are most familIar WIth the nver, eXlstmg structures,
operatIon of the system and the users, were given due conSIderatIon

The schemes conSIdered mtake locatIOns at two of the eXIstmg weIrs (Thahab and Hwaret) and
vanous types of conveyance mcludmg ductile Iron pIpe, canal, and steel pipe Dependmg on the
configuratIOn, mtegrated pumprng statIOns, powerhouses, and reregulatmg ponds were mcluded
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m some alternatIves

The five selected alternatIves were configured, assessed and compared at a conceptual level The
alternatlves were compared on the basIS of overall cost, the operatIon and maIntenance cost, the
ImjJlementatIon penod, the annual volume of water saved, the qualIty of water dIlIvered to the
KAC, and an enVIronmental rankmg The ImgatIon/power alternatIve was evaluated based on cost
components that would separately affect lITIgatIOn and power FollOWIng the companson and
evaluatIon process, alternate IRR3a consIstIng of an mtake at rehabIlItated Hwaret WeIr and a
closed conveyance pIpe (ductIle Iron) from the Hwaret WeIr to the Abu Zeighan Weir-was selected
as the preferred alternative ExhIbit 1 10 shows the pipelme route
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Chapter 2

ZARQA RIVER CHANNEL CONVEYANCE EFFICIENCY
AND WATER QUALITY

The-ongmal emphasIS of tIns Zarqa Conveyance Study was on the Improvement of the channel
effiCiency of the Zarqa RIver As an mchcatlOn of tIns emphasIs, essentlally all of the
alternatlves Identlfied m the scope of work related to elImmatIng channel losses As a result
of our mvestlgatlons, It became apparent that the emphasiS should be--on improvmg water
quality and that channel losses were only a mInor problem Therefore, for background, thiS

- chapter on conveyance-efficiency and water-'lllaIrty -descnbes the SItuatIon for the....evaluatton
of alternatIves and the resultant economic analysIs

2.1 Conveyance-Efficiency

Water losses ill the Zarqa RIver cbanneI between KID and the Abu Zeighan WeIr were
suspected by the NA operatlon staff as early as 1980 when a first attempt was made to
quantlfy those losses SmceJ:hat.tune, a number of studies have been performed to defme the
magmtude of the losses "3.Ild-to Identlfy the subreaches where these losses occur. The studIes
are lIsted below wIth theIr conclUSIOns DetaIls of the studIes were prOVIded In the report
entltled "Comprehensive Report for the2arqa RIver Conveyance Study," submitted In May
1995 as a-part of tlus::project.

• Ioudeh, Omar Water Balance Study of Zarqa RIver Downstream of KIng Tala!
Dam, IVA, Hydrology and Groundwater DIVISion, 1980

This was-a one time flow measurement program With one release from KID, whIch
IndIcated

1 MInor losses between KID and Thahab Weir
2 Slgmficant losses between Thahab WeIr and Hwaret WeIr
3 Slgmficant losses between Hwaret WeIr and Abu Zelghan Weir

• Ioudeh, Omar and IsmaIl Hashem Gam-Loss Measurements on Zarqa RIver near
Deir AHa (Prehmmary Report), N A, Hydrology and Groundwater DIVISIOn, 1981

ThIs study was conducted for four days WIth slIght vanatlon In flow On the average
about 13 8 percent losses were reported between the Thahab WeIr and the Hwaret
WeIr and about 10 1 percent between the Hwaret WeIr and the Abu Zelghan WeIr

• HIJazI, Daoud Untitled, Measurements taken on 1 March 1984, JVA, 1984

This study covered the reach between the Thahab WeIr and the Abu Zelghan WeIr
Because of some technIcal errors, the data were not conSidered relIable

• Hashem, IsmaIl and Daoud HIJazl A Report on Water Losses Between Kmg Tala!
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and IrrIgation Lme, N A, Groundwater DIrectorate, 1984

ThIS study dId not proVIde sufficIent mformatIon to draw any conclusIOns on losses
The authors recogmzed the lumfatIons of the study However, most of the losses were
attrIbuted to the nver reach downstream from the Thahab WeIr

• HIJazI, Daoud Untitled, Measurements made on 2 to 4 and 6 to 9 October 1984,
JVA,1984

Sets ofilow measurements were made from October 2 to-0ctober 9, 1984 The study
concluded that a small gam was realIzed between KTD and the Thahab WeIr, mmor
losses occurred between the Thahab WeIr and the Hwaret WeIr and between the
Hwaret WeIr and -the SwaIha Bndge, and slgmficant losses occurred between the
Swalha Bndge and the Abu Zeighan WeIr

• Harza~ngmeenngCompany m asSOCIation WIth Arabtech Consulting Engmeers,
Storage FacIlIties m the Jordan Valley, Fmal Report on Technical, EconOmIC and
Fmanclal FeasIbIlIty and Prelunmary DeSIgn, Vol IT, Part IT-Mam Report, Apnl
1989

Harza-Arabtech made-flow measurements over a penod from October 1987 through
June 1988 at SIX locatIOns - downstream of the KTD, upstream and downstream of the
Thahab WeIr,-upstream and downstream of the Hwaret WeIr., and upstream of the Abu
Zelghan WeIr Field-flow measunng conditions, lImitations of mstruments With
respect to flow magnItude, and hydraulIc charactenstIcs of the nver cross sections
selected for flow measurements were carefully evaluated The computations of
gamnoss dId not conslaer contribution from sprmgs, losses due to evaporation or
pumpmg for Irrigation upstream from the Thahab WeIr The conclUSIOns reached
were

1 HydraulIc condItions of the channel do not permit accurate measurements of flow
An error rangmg between 3 to 5 percent can be expected Because of thIS error, the
dIfferences between the measurements made at the upstream and downstream ends of
a reach were mconslstent

2 Any mdlcated loss or gam Wlthm the above range was Judged to be due to
measunng errors and not the actual gam or loss

3 Based on the dIfference above that range, the reach between KTD and the Thahab
Weir dId not show any gam or loss, whereas the reaches between the Thahab and
Hwaret Weirs and between the Hwaret and Abu Zelghan WeIrs mdicated gaIns

• Umversity of Jordan Baselme Report on Water Conveyance EffiCIency m the Zarqa
River below Kmg Talal Dam, 1984

ThIs study establIshed a water balance between total flows from KTD and spnng flows
deSIgnated as "mflow" to the reach between KID and the Abu Zelghan WeIr, and total
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outflow as water dIverted to ZCI and II, the Swalha Canal and to the KAC at the Abu
Zelghan Weir Monthly conveyance efficiencies were defmed as the ratIo of outflow
to mflow The monthly efficiencies ranged between 79 to 86 percent The study dId
not define where the losses occur

• An Appraisal of Conveyance Losses m the Zarqa RIver below Kmg Talal Dam,
based on prevIous studIes made by ISPAN, 1984

ISPAN's review summanzed the reports and concluded that

1 The highest losses-occur m reach downstream from the Thahab W.elf.

2 Flow data are msuffiClent to accurately determme the magmtude of channel losses
Some studIes mdIcate hIghest losses-downstream from the Swalha Bndge (downstream
from the-Hwaret WeIr) to.J:he.Abu.2elghan W1M

~ Further studIes are needed, considenng the fillmg and {Irammg of the sub-reaches,
evaporatIon losses and pumpmg from the nver

• Harza Engmeenng Company m associatIon With Consohdated-Consultants, Flow
Measurements made on September 12 to 14, 1995

In=the-performance-Of iliis study, Harza-CCmade~ field reronmussance-Of the entIre
reach between KID and the Abu Zelghan Weir, IdentIfymg-any Imgated area along
the nver upstream from the Thahab Weir, nver bed conditIons, and locatIons of
spnngs A hydrogeologteal assessment of the nver reach was-also made One set of
flow measurements was made undercarefully controlled measunng parameters The
measurements mdlcated a gam m all measunng sub-reaches - about 4 0 percent
between KID and the Tbahab Werr, about 0 5 percent between the Thahab and Hwaret
WeIrs, about 0 7 percent between the Hwaret Weir and the Swalha Bndge, about 8 8
percent between the Hwaret Werr and nnrnedmtely downstream of Women Spnng, and
about 1 4 percent between Women Spnng and the Abu Zelghan Weir

Based on Harza-eC reVIews of preVIous studIes and on Harza's own mvestIgattons, the
followmg conclUSIOns are presented

1 The groundwater regime study/analYSIS mdlcated that there should be a gam m
the water flowmg m the Zarqa River between the Hwaret WeIr and the Abu
Zeighan WeIr, where many salme sprmgs and seeps enter the nver Also, most
probably, there may be slIght gam m water between KTD and the Hwaret
WeIr However, the flow measurements show that thiS SItuatIon IS pOSSIble m
some seasons, whIle at other tImes there could be losses between the Hwaret
and Abu Zelghan WeIrs

2 The accuracy of the flow measurements m the Zarqa River IS lImIted by the
hydraulIc conrnttons, especIally Irregular cross sectIOns and non-umfonn flow
dlstnbutIon across cross-sectIOns In most of the subreaches In all studIes
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performed, the dIfferences between flow measurements were mostly wlthm the
accuracy of the measurements and cannot be taken as an accurate mdIcator of
loss or gaIn

3 The over reach between KTD and the Thahab WeIr IS most lIkely a mmor fresh
water gamIng reach

4 The reach between the Thahab WeIr and the Hwaret WeIr IS a mInor gaJnmg
reach

5 The reach between the Hwaret W-elr and the Abu Zeighan WeIr receIves flow
from salme SImngs and could be a gammg reach but at times may--show losses
The constructIon ofa pq>elme from the Hwaret WeIr to the Abu Zeighan WeIr
wIll serve two purposes first, the detenoratIon In water qualIty wIll be
aVOlde.d;_and secon~ the losses observed In this reach wIll be aVOIded Thls
wIll be -an: addItional benefit of the project Because of uncertamty m the
magnitude of losses under vanous flow condrtlOns~ the benefits cannot be
exactly quantified

2.2~W-aterQuahty

At present, the quahty-af the releases from KTD are margInally acceptable for IrngatIOn As
the.releases are COIlY.eyedthrough the lower reaches of the nver, the qUalIty IS degraded by
salme seepswd spnngs emanating from the Zarqa Formation th~ at some tImes, render the
water unacceptable for IITlgatIon ThIS mlxmg of salme water has detenorated the qualIty of
ImgatIon water supplIed through the Abu Zelghan Canal and IS reportedly -caUSIng damage to
crops and reductions III yIeld

The Laboratory of Soil and Enwonment DIrectorate of the N A IS operatmg and mamtammg
about 60 to 70 water qualIty momtonng statIons on the KAC, the SIde wadIs, the Zarqa River,
at VariOUS dam SItes and on canals carrymg dIversIOns from weIrs or outflows from treatment
plants Some specIal groups In the N A have also conducted IntenSIve one-time qUalIty
momtonng studIes For general momtonng, only EC (electrIC conductIvIty) and pH (acIdity)
are measured SpecIal studIes have mcluded other parameters such as boron (B), calCIUm
(Ca), Chlonde (CI), potasSIUm (K), magneSIUm (Mg), sodIUm (Na), carbonates (C03) ,

bIcarbonates (HC03), nItrates (N03), sulphate (S04)' and sodium absorption ratIO (SAR)

The IrngatIOn water qualIty parameter most SIgnIficant for crop yIeld IS salImty (defined m
terms ofEC values) Another sIgmficant parameter IS the pH value The data for these two
parameters collected by dIfferent groups at vanous locatIOns on the Zarqa River and the KAC
were reVIewed, evaluated, compared, and plotted as time senes

To clearly understand the water qualIty detenoratton by the salme water from the Zarqa
FormatIon, four SItes were Judged to be of SIgnIficance for evaluation - the Zarqa River
downstream from KTD, the Zarqa River at the Abu Zeighan WeIr, the KAC-Swalha (before
mlXIDg With the Abu Zelghan Canal water), and the KAC-MaadI (after mlxmg WIth the Abu
Zeighan Canal water) ExhIbIt 2 1 shows a plot of monthly values for these SIteS for the

2-4



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

penod from 1986 through 1994 ThIs exlnbit clearly shows how the EC values of the releases
from the K.TD are degraded by the salIne water emanatmg from the spnngs and seeps m the
Lower Zarqa RIver (companng KTD EC With Abu Zelghan EC) and how the flow of the Abu
Zelghan Canal degrades the qualIty of the KAC water (by companng EC values of KAC
Swalha and KAC-MaadI)

FIeld measurement data evaluated by Harza-CC In September 1995 and prevIous studIes by
SpecIal groups of N A IndIcated that

1 The river reach between KTD and the Thahab WeIr does not receIve salme
water -Spnngs m thIs reach are supported by the Kurnub FormatIOn that IS of
good water .(j!lahty

2 The nver reach between the Thahab and Hwaret WeIrs IS also recharged from
the Kurnub Forma1lon. However, no spnng has been identlfied m thIs reach

3 The over reach between the Hwaret and Abu Zeighan WeIrs has a number of
springs emanatmg along both banks of the river The springs are supported by
Zarqa Group water whIch IS under arteSIan condt1lons and has a hIgh EC value
(hIghly b.raclashlsahne) Therefore, severe=-water-quallty detenoratIon-occurs
In thIs reach

Itclppears that, If any losses occur m the Zarqa RIver channel, these-losses are probably mmor
and occur only m the reach below the Hwaret WeIr When the-measurements mdlcated a gam
In tlllS reach, It could have beeen-only a net gam and losses could have been ocurrmg

It IS also apparent that there IS a seriOUS water qualIty problem resultlng from the
contammatIon of an already margmal water supply from the KID by the salIne seeps and
springs also located m the reach below the Hwaret WeIr

The proVISIOn of a facIlIty to bypass the releases from the KTD around the area of the spnngs
and seeps WIll then serve to meet both objectIves of the study

1 The channel effiCIency wIll be unproved to some degree, and

2 The qualIty of the dIversIons mto the KAC WIll be Improved
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Chapter 3

GENERAL APPROACH TO THE PHASE B STUDIES

The Phase B studIes mclude an enVIronmental assessment of the alternatives retaIned after the
completion of the Conceptual Study, Phase A, Part 3, an economic and fmanclal analysIs of
the preferred alternative, and a prelnnmary deSIgn of the elements ofthe preferred alternative

3.1 Adopted Concept

- The adopted. concepLfor.roeenng_the overall objectives of thIs C01lYeyance Study~ whIch are
to Improve the quallty of Zarqa River dIverSIons mto the KAC and to improve the channel
effiCiency m reaches that exlublt the potential for losses, IS to dIvert XTR releases around-the
lower reach of the Zarqa River Applt.cat1on of this concept resulted m the selectIon of
alternatlves that d1verted water mto a plpelme or canal ongmatlng at eIther the Hwaret WeIr
(the preferred alternatlve) or the Thahab Werr and tenmnatIng at the Abu Zetgban Canal.

The-flA, as a result of therr reVIew of the draft report on the selection of alternatives,
Identlfied-the1J1pehne-aItelnatIve-from the Hwaret WeIr to the-Abu Zeighan Canal as theIr
preferred alternative Therefore, In the performance of the Phase B studIes, the InItial
emphasIS was-placed on the confirmation of this alternatIve

3.2 General Approach

The general approach to the Phase B studies consIsted of performmg a two-stage
enVIronmental assessment, field studies to confirm the assumptIons made durmg the Phase A,
Part 3 alternatives evaluation, a prelunmary deSIgn of the selected alternative, and finally, an
economIC and finanCIal analySIS of the recommended project

3 2.1 Envmmmental Assessment

The enVIronmental assessment was started dunng the final stages of the conceptual studIes so
that enVIronmental mput could be used as a evaluation parameter for the selection of a
preferred alternative The first stage consIsted of an ImtIaI screemng of all of the alternatives
under conSIderation The second stage consIsted of the performance of an enVIronmental
assessment earned out under apphcable regulations for USAID funded projects The
alternatIves for WhICh the enVIronmental assessment was performed mcluded

1 No-action (reqUired under USAID regulations)
2 A plpelme from the Hwaret WeIr to the Abu Zelghan Canal to convey releases

from the KTD around the area (the preferred alternatlve)
3 A canal/plpehne combmatIOn from the Hwaret WeIr to the Abu Zelghan Canal (a

lower capItal cost optIOn that would requIre a hIgher operatmg cost and a more
mtense mamtenance effort)

4 A pIpehne from the Thahab WeIr to the Abu ZeIghan Canal (a sIgmficantly hIgher
cost optIon retaIned mcase there were dIfficultIes m the rehabIlItatIOn/replacement
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of the Hwaret Werr}

The enVIronmental assessment of the alternatives has been submItted preVIously as a separate
report and has been summanzed m tlns report

3 2.2 Field Studies

The field studIes consIsted of a senes of geotechnIcal mvestigations and topographIc surveys
perfonned to -confirm -the assumptions made m-the conceptual studtes and to nnprove the
estlll1ates ofcost

The geoteclmtca1 mvestIgatIons were onented toward the confirmation ofthe assumption that the
rehabrlrtatron or replacement ofthe Hwaret WeIns techrucally feasIble and to proVIde necessary
data! mfonnahon for de51gmng foundatIOn comhtIons for the structures The program conSIsted
ofdn1lmg eIght holes at four locations - the Hwaret WeI!, the two nver crossmgs, and the outlet
structure

A topographIc survey was earned out for a land stnp to precIsely define the pipelme route The
land stnp extended from the HwaretWeldo the Abu Zetghan WeI! The survey data were-used
for the weI! studtes, finahzmg-the-Pipelme layout, estlll1atmg the length ofpIpe, estabhshmg the
locatIons of the pipe-nver crossmgs and a sitefor the outlet, and estlll1atmg the volume of
excavatIon and fill requrred forthe-ptpelme

3 2 3 Economic and Fmancaal AnalySIS

The econOmIC analYSIS was based on the prunary benefits resultIng from the nnprovement m yIelds
that result from the lll1provement m the quahty of the rrngatIon water The antICIpated
Improvement m water quahty was esttmated m terms of electroconductiVIty The antICIpated
unprovement mYIeld was measured on an mcremental basIS usmg econOmIC data from the 1991
92 and 1993-94 seasons mthe Jordan Valley and crop tolerance and yIeld potentIal relatIonshIps
WIth water salmIty as developed by the FAO The estImates of costs are based on matenal
quantIty estlffiates prepared from layout studtes and umt pnces denved on the basts of current
mformation m Jordan collected from manufacturers and contractors The ongmal approach of
denvmg these pnces from mformatIon collected on at least three smular ongomg projects was not
pOSSIble because there are currently no pipelme projects under constructIon nor any recently
completed projects for whIch thIs mformation IS aVaUable

The finanCIal analySIS results m the definItIon of a cash flow and a finanCIal rate of return for the
mvestment

3 2.4 PrelImmary Design

The preInrunary deSIgn 15 a contInuatIOn ofthe layout stuches performed for the econOmIC analySIS
It conSIst of the further development of baSIC deSIgn cntena and concepts takmg mto
conSIderatIOn the specIfic deSIgn condItIOn and constramts and the preparatIOn of prelImmary
deSIgn draWIngs for all components ofthe recommended alternative As a result, the preparatIon
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of the final desIgns and contract documents will be greatly facilitated, and an early start on
constructIon can be accomplIshed
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Chapter 4

FIELD INVESTIGATIONS

4.1 Geotechnical Investigations

The scope of the geotechnIcal lllveStIgatIons was developed after the lllItIal enVIronmental
screemng lllmcated that the pIpelllle alternatIve from the llwaret WeIr to the Abu ZeIghan
Canal was eIlVlronmentally acceptable, the conceptual studIes mdIcated that the alternatIve was
cost competItIve, and the N A had llldIcated a preference for the alternatlve The scope was,

~ therefore, onented towar-d establIshmg the technIcal feasJ.bIhty of-rehabIlItatIng or replacmg
the Hwaret WeIr as well as the techmcal cntena for the other structures If any questIons
arose as to the construction of the Hwaret to Abu Zelghan alternative, the geotechmcal
mvestIgatIons would have been redIrected to the Thahab WeIr to Abu ZeIghan Canal
alternatIve

The objectIve of the mvestIgatIons was to determllle the surface and subsurface condttIons and
the phySIcal and mechamcaLpropertIes of the foundation matenals-at the proposed WeIr SIte,
along the pIpebne alIgnment, at the over crossmgs, and at the outletof the pIpelIne The scope
of the lllvestIgatIons mcluded the followmg tasks

1 Cn1lect mfonnatIon and maps of theJU'eacshowmg land use, geology, surface
topography, and draInage pattern

2 PerfoI1IL3. prelImInary SIte VISIt to reVIew condttIons and select dnllIng SItes

3 Dnll eIght boreholes, two each at the Hwaret WeIr, the two pIpelIne crossmgs
over the flver, and the pIpelIne outlet

4 Perform necessary laboratory tests

5 Analyze field and laboratory data

6 Develop conclUSIOns and recommendatIOns

The mvestIgatIons were performed under a subcontract WIth the Arab Center for Engmeenng
StudIes, a local Jordarnan consultant

It was concluded, as a result of the field and laboratory InVestIgatIOns, subsurface condItIOns,
engmeenng analYSIS, and practIcal expenence ofthe subcontractor that the proposed structures
can be supported by the foundauon matenals at the SIte proVided, among other recommendatIons,
that

1 Any foundatIOn should be a mmrmum 15m below the firushed level of the ground
surroundmg the structure

2 An allowable beanng pressure value of2 3 kglcm2 IS recommended for the entrre
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sIte area based on preVIOUS expenence With smular matenals

3 Because ofgranular nature ofthe subsurface matenal, settlement IS expected to
be smaIl, umform, and WithIn tolerable hrruts

4 Temporary excavatIOn slopes -should be steeper than IH 2V

5 WadI matenals are generally COnsIdered sUItable backfill

As a resuIt-ofthese-geotechmcal mvestIganons-and further VISIts to the SIte by deslgn-onented
personnel, It IS concluded that replacement ofthe Hwaret WeIr IS technIcally feasIble, and the

- alternatlve origInatIng at the Thahb WeIr was dropped from further consideratIon.

Other cntena and an expansIOn ofthe dtsCUSSIOns relatmg to the reported cntena-are contaIned
m the GeotechnIcal StudIes Report wInch IS attached to tIns report as Appendix A

4 2 Topographic Survey

Topograplnc swveys were performed for the three major components ofthe project as follows

In the vicinrty ofthe eXIStmg, abandoned Hwaret WeIr, to locate a new weIr, mtake, and
desandmg basIn.

Along the proposed ahgnment ofthe plpelme from the Hwaret Werr to the Abu Zeighan
WeIr

In the VICInIty ofthe Abu Zeighan WeIr

The survey data were drawn for a one-meter contour mterval and dIgitIZed The dIgitIZed maps
were redrawn to a scale appropnate for the prehmmary deSIgn of the structures of the
recommended alternatIve The Phase B studIes were delayed by about one month durmg the
survey process because access to a portIon of the alIgnment was derued by a local farmer
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ChapterS

PRELIMINARY DESIGN

A prehmmary desIgn was performed for the replacement of Hwaret WeIr, the mstallatIon of
a pipeime from the new weIr to the Abu Zelghan Canal, and an outlet facIlIty to dIssIQate-the
energy of the water dIschargmg mto the canal

5 1 Project Elements

The project unplementatIon mcludes the followmg actIVItIes

Removal ofthe eXIstIng abandoned Hwaret WeIr, old mtake, and parts ofthe canal,

Constmctlon of.a.new werr and mtegrahnta:kefacIhty WIth appropnate controls,

ConstructIonofa sedunent settlmg basm,

ConstructIon ofa 3 6-km pipehne

ConstructIon oftwo VIaducts to proVIde for nver CroSSillgS for the Plpelme-

Construction ofan-uutlet to permit dIscharge drrect1ymto the-Abu Zel~-eanaL

A large scale plan ofthe project IS shown on Exlubit 5 I

5 2 Design Criteria
,

DeSIgn cntena have been establtshed ill accordance With accepted codes and standards and
specmc SIte COndITIOns General cntena m accordance WIth the scope of work are IdentIfied
herem. Addrttonal feature-specIfic cntena that are better addressed under the descnptlon ofthe
feature are presented m subsequent sectIOns

5.2.1 Materials and MIXes

Concrete Aggregate - Washed nver gravels will probably be used, however, Ifthts matenalis not
SUItable, aggregate can be obtamed from local sources

Cement - Portland (HydraulIc) Type II A cement

Concrete - 28-day compreSSIve strength - 211 kgf7cm2
W/C ratIO - 0 58 by weIght

PIpelme - DuctIle rron pIpe claSSIfied as ANSIIAWWA el50 or sumlar

Backfill- WadI matenals
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526 Washouts and Air Valves

5 2 3 VelocItIes

5 2 2 Internal and External Protection
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maxunum velOCIty will be hmIted to I 0 meters per second A mmImum veloCIty
deSIgnatIOn IS not appr-opoate

maxunum velOCIty will be hnnted to 3 0 mls and the mmUDurn velocity will be 0 3
mls

Temporary slopes
Permanent slopes

AIr valves will be mstalled at every sUmmJ.t pomt or abrupt change downward to permIt the
release of any arr that may accumulate there dunng the fillmg of the pIpe and to allow entrance
ofarr dunng drammg ofwater

Washouts (blowoffs) will be mstalled at each low pomt along the pIpe so that all ofthe water may
be dramed from the pIpe The dIameter ofthe blowoffwill be about 25 cm

The protectIon works will COnsIst ofburymg the plpelme a mmnnum oftwo meters below the final
ground surface

Concrete - Strength cntenon IS 211 kgf]cm2 and 10admgIlmit IS 84 kgf/cm to 96 kgf/cm
depemfmg on the loadmg The modulus of rupture IS 28 8 kgf]cm2

5 2 8 ProtectIOn Works

Ptpehne - -Strength-COteaonls-I~BU kgfkm2 and loadmg hmIt IS 550 kgflcm2

5 2 7 ExcavatIOn

5 2 5 Strength and Loadmg

The maxImum allowable pressure ill the IdentIfied Iron ducttle pIpe IS 10 6 k..g£'cm2

Intake -

5 2.4 Maximum Pressure m Oosed Conduits

Desander - maxImum velocIty will be 0 3 mls A mmtmum velocIty deSIgnation IS not
appropnate

Pipehne -

Internal protectIon will be proVIded by centnfugally-apphed cement.--mtd external protectlOn will
be proVIded from a I-nul-thtck layer ofasphalt coatmg as per AWWA CI51
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5.2 8 ConstructIOn Matenals

See 4 2 1, matenals and IDlXes

5 2 9 Diversion of Flows Dunng ConstructIOn

It lS~expectedthat the weIr reconstructIon will be completed WithIn the dry season As such, the
only fiows~expected m the nver wtl1 be releases from the KTR. T-o accommodate theseTeleases,
wmch cannot be mterrupted, a water ~ntrol plan will have to be Implemented The

- recommended steps for thIs plan are

1 Demohsh the nght SIde ofthe exIstIng structure behInd upstream and downstream
cofferdams ancLbUI1d~the new structure With a 2~O"nrWIde by 1 O-m lugh box
culvert mcorporated

2 Parttally dtsmantle the cofferdams and close the remammg central portIon ofthe
cofferdam mto the left bank on the up and downstream SIdes Water released
from the KID WIll be.:channeled mto-the box-culvert-

3 Construct the Intake and the left SIde ofthe werr-behInd the new cofferdam (the
new cofferdam can be much lower because, unhke step 1, the releases now flow
at the Invert level ofthe-box culvert and do not have 10 pass over the eXIstIng
welf)

4 DIsmantle the cofferdam and SImultaneously construct an ea.rthapproach wall to
gUide the releases through~the mtake Connect the two sectIOns ofthe weIr and
mstall controls In the box culvert

The desander can be under constructIOn at any tIme dunng tlus process, lilltlally as the nver IS

dIverted to the other SIde and later under the protectIon of the gated Intake

5.210 OperatIOn and Mamtenance

Operanon ofthe system will be relauvely sunple and can be accomphshed With eXlstmg personnel
The Intake will remam open under all except flood condItIons Flow regulatIOn, Ifdeslfed, will be
accomphshed With the gates located at the Intake OperatIOn for a mInImum flow release IS
dtscussed m the follOWIng subsectIOn

Mamtenance actlVItles will not constItute a major undertaIang, however, systematIC morutonng
IS very lfilportant The aIr valves must be kept m good workmg order as any malfunctIOn could
result m pressures that nught cause damage to the pIpelme The pIpelIne alIgnment should be
penodlcaIly mspected to detect any leakage or any other damage The skills and eqUIpment to
perform cIeanmg must be obtamed It IS expected that these skIlls are aVaIlable m the MWI as
there are other major plpelmes m theIr system The desandmg basm and the flushIng canal back
to the nver will reqUIre penodIc mamtenance to pernut proper operation A knowledge of Its
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funetlOrung will be requrred m order to make anyon-sIte adjustments that may be requIred It IS
expected that the proposed pIpe lmmgs will prevent corroSIon to the pIpe Ifaddluonal protect1on
IS requIred, for example cathodIc protectIOn, addttIonal mamtenance actiVitIes will berequIred

5.2.11 EnVironmental Impact

Constructlon lffipacts are expected to be mmlIDal as constructIOn will Wcely occur dunng the
summer months as recommended

Compensation for the destructIOn of-any crops dunng constructron IS recommended

- Fuel stora~ and fuelmKareas will be located away from cultIvated areas, areas that dram mto
cultIvated areas and the stream channel

Spdl cleaoIJp-matenals-will-be-proVIded-and--stored olFsIte for qUIckaccess

.Altb.ougltnot prevuied for m the prelnDmary deSIgn, a mmtmum release :fact.hty can be added to
the weIr through the diverSIOn condUit

-5~ 12 TramlDg-R-eqUirements for OperatIon-and Mamtenance Personnel

As tms IS a small, easily operated, low mamtenance project, no addItIonal trammg requIrements
for operation and mamterrance personnel are antIcIpated

53 PROJECT FEATURES

5.3.1 Replacement of the Hwaret WeIr and Intake

As a result of further mspectIOn and the geotechrucal mvestigatIOns, It was concluded that the
better techrncal solutIon for the re-use of the Hwaret WeIr was to completely replace the
structure Therefore, the eXlstmg weIr, mtake, and canal mtake at the Hwaret weIr area will be
demohshed, and the area will be excavated, cleared, and prepared for the constructIOn of the new
structure

The new werr will be sImilar to the old weIr, however It will have a more elaborate stillmg-basm
configuratIon It will COnsIst ofan overflow structure With an mtegral mtake A plan View ofthe
weIr and mtake are shown on Exlnblt 5 2 The weIr Will span 41 5 m across the Zarqa RIver and
Will be a concrete graVity structure With ItS crest at EI -184, deSIgnated as the mmImum water
level The nver bed elevatIOn at the weIr structure IS at about EI -189, resultmg m a hydrauhc
heIght offive meters The maxunum heIght ofthe overflow sectiOn over the deepest foundatIon
level IS about eIght meters The downstream face ofthe weIr slopes four meters over a honzontal
dIstance of SIX meters FollOWIng a 9 5-m honzonta! apron sectIon at El -188 IS a senes of
concrete blocks 125 m high, 1 mWide, and 2 m long to serve as energy dlssIpators The blocks
are arranged m two rows and spaced one meter apart Beyond the dISSIpators IS a gablOn
mattress 6 m long by 41 5 m WIde WIth a thIckness of 05 m The gabIOn mattress conSISts
of 6 X 2 0 x 0 5 ill gablOn boxes, covenng a rockfill sectIon The gablOn mattress protectIon
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along WIth the rockfill adds overall stabIlIty to the weIr structure The sIde waIls of the weIr
are at EI -181, 1 m above the maxnnum water elevatIon A plan and sectIon of the weIr are
shown on ExhIbIt 5 3

The crest elevatIon of the werr IS selected to provide a submergence of 18m over the pIpe fi
the mtake to effectIvely pass the mfilmum release from KTR The maXInlUm water surface
level for the deSign of bank protectIon corresponds to a 1OO-year flood A cutoff under the
weIr, the downstream apron, and the gablOn mattress are .proVIded to ..reSIStuplIft pressure

Thellltake strueturels-connected to the weIr structure by a-shared wall on the left bank The
mvert of the pIpe at the mtake IS at EI. -187 2 The mtake IS 9 0 m long and 30m WIde It

- COnsIsts ofa two-bay entrance whichj:lroVIdes control to the system by 1 5 x 1.5 meter slUice
gates The mtake IS onented on,a, lO-degree angle off the WeIr centerlme to proVIde-for the
entry of-water at all levels because ofa slight bend In the nver at the locatIon of the mtake
To preYent trash ancLdebns-from~entenDg,the-plpeIIne,-th~cture--:IS:eqmpped WIth
trashracks The crown of the pipe IS set 18m below the IDTDIIDum water level and about 0 3
m below the mvert of the mtake to proVIde proper submergence at the pipe mtake. The pipe

mvert elevatIon at the mtake IS governed by the desandIng basm outlet and IS at EI -187 2
Aretammg wall tIes the mtake back to the eXistIng topography. BackfilllS proVIded behInd the
wall A plan-an-section ofthe mtake structureare shown-on-ExhIblt 5 4

4 3 2 Desandmg BaSIn

The desandmg structure IS 49 5 mlong and 75 m WIde and-mcludes two chambers and a::fJ.ushmg
canal The desanding chambers willoe 40 m long, 3 m WIde, and have walls rangmg from 4 0 to
50 m Ingh. The chmenslOllS.ofthe desandmg basm are deSIg!led to-proVIde a flow velOCIty{lfless
than about 0 3 mls (1 foot per second) at the deSIgn dIscharge Tiuswould cause settlement of
all sedIment SIZeS of0 1mm and above and a sIgmficant amount SIZes between 0 062 mm and 0 I
mm. A relatively steep bottom slope IS proVIded to facilitate the transport ofsettlIng matenal to
the flushmg chamber The location ofthe desander relative to the weIr and mtake IS shown on
Exlnblt 5 2, and a plan and sectIon ofthe basm are shown on Exlublt 5 5

Water WIll flow from the mtake structure to the desander, located approximately 20 ill

downstream, at a slope of 0 5 percent The pipe fivert elevatIon at the mlet to the desander
IS EI -187 3 Water enters a basm area and then IS dIstributed fito two desandIng chambers
The entrance to each desandmg chamber IS controlled by a 15m by 1 5 mr SlUice gate
Sednnent WIll settle m the bottom portion of the chamber and slowly flow along the length of
each 40 m long chamber A I-m drop along this span (correspondmg to a 25 percent slope)
Will facIlItate the collectIon of sedIment The collected sedIment wIll flush out to the flver
through a 1 5-mete- WIde flushmg canal controlled by a 15m by 20m SlUice gate
Sediment-free water wIll flow Into another basm and then back Into the pIpelIne The pIpe
Invert elevauon at the outlet from the basm IS located at EI -1870 Water entenng the
downstream basm from the 2 desandmg chambers WIll be controlled by two 1 5 ill X 1 5 ill

slUice gates A 15m-Wide concrete platfonn at EI -184 0 WIll be constructed at the upstream
SIde of the SlUice gates

4.3.3 Plpelme

5-5



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

The ductIle Iron pIpelIne WIll be about 3,655 m long and Include two vIaduct croSSIngs over
the Zarqa River at a dIstance of about 488 m and 2,642 m from the mtake The pIpelIne wIll
be buned over all of Its length except for about 157 m where It crosses the nver The
hOrIzontal alIgnment of the pIpelme IS deSIgned to aVOId envIronmentally senSItIve areas, to
stay away from dwellmgs, to stay close to the road and old canal path, and to utilIze the
allowable pIpe Jomt deflectton The vertIcal profile IS deSIgned to keep the plpelme
suffiCIently below the hydraulIc gradIent to aVOId negatIve pressure and to proVIde an earth
overburden ofabout2 ID-on the-av.erage A plan ofthe pipehne IS shown on ExhIbIt 5 6 The
vertIcal profile IS shown on Exlnblt 5 7 and-data from the vertIcal profile are shown on ExhIbIt
5-8

, The pipe is deSIgned for 11 dtameter of 1,400 mm to reflect a deSIgll dIscharge of 45 cms
ThlS dIscharge allows for a 40 percent growth In use along the KAC WIth a surcharge
represennng a maxunum dally reqUIrement If addltronal capaCIty IS necessary, the pIpe can
transport up to5..5 cms-fve1ocIty aOOut-3 5mls) Tlwmtake can also11andIe tIus flow TypIcal
ptpelme alIgnment detaIls are shown on Exhtbit 5.9.

The gross head betwren the Hwaret WeIr and the outlet IS about 49 m HydraulIc condIuons,
mcludmg an allowance for tranSIent pressures, permIt the use of a pIpe With the mmImum
-handlmg-{}uckness whIch IS about 13 mm 'Fhe-average--truoo1llUm-Velocity In the pIpe WIll be
about 3 0 mIs, -and the antiCIpated head loss over the length of the-plpelme wIll be about 25

1I1

5.3.4 River Crossmgs

The alIgnment ofthe pipelme requITes that the Z-arqa River be crossed two tImes The first span
wIll be located miheVlClIllty ofaneXIStmg plpelme crossmg about 500 m downstream from the
mtake The span will be about 75 mlong over whIch the pIpe wtl1 be supported on a senes of 10
pIers The maxunum heIght above ground over tins span will be five meters The second crossmg
will occur about 2,260 m downstream from the mtake The plpelme span will occur over a length
ofabout 80 m The pIpe will be supported on 10 pIers and will be a maxunum of2 m above the
bed ofthe nver The mvert level ofthe VIaducts WIll be above the 100-year flood level A plan
and profile for the VIaducts are shown on Exlnbits 5 10 and 5 11

5.3 5 Outlet Structure

The outlet structure mc1udes a valve house to contam the diSSIpatIOn valve and an outlet basm
mto the Abu Zeighan Canal The structures are located at the Abu Zeighan WeIr, near the
town of Abu Zeighan A location plan IS shown on ExhIbIt 5-12

The valve house conSIsts of a 12 m by 7 5 m remforced concrete structure, WIth two parallel
pIpeS and valve arrangements, a brIdge crane, and a laydown area for replacement of valves
A plan and section of the valve house IS shown on ExhIbIt 5 13

After bIfurcatIOn of the mam pIpe, the flow enters the valve house m two, parallel 0 6-m
dIameter pIpes The flow energy IS dISSIpated after entermg the valve house by two Batley
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polYJet valves Because ofpotentml for downward adjustment ofthe dtssipatIOn eqUlpment Ifthe
flow volume mcreases, BaIley valves have been selected to chssipate net head at the end ofthe
pIpe Four baIl valves, one on each sIde of the BaIley v-aIves, enable the BaIley valves to be
Isolated for reparr and/or replacement After the flow energy IS dIsSIpated, the flow eXIts the valve
house mtwo 0 6-m-dtameter pIpes The centerlme elevatIOn ofthe valves arrangements IS at El
-232 The pIpe and valve arrangements are seated on a concrete foundatIOn platfonn.

A 4 0 mby 7 5 mlaydown area has been proVIded for the removal, repaIr, and replacement ofthe
valves ThIs area IS located on the south SIde ofthe valve house A large shding door has been
proVIded to aIlow trucks to back mto the valve house, for loadmg and unioadmg ofeqUIpment

, The outlet basm will be a reInforced concretebox-style design With an end sill for flow regulatIon
The flow eXits the valve house toward the camil1n tlie two 0 6-m-diameter pipes ApproXImately
50 mfrom the valve house, the two pipes turn northward toward the canal From the valve house
to the-outlerbasm,4he-centerlme=elevatron ofthe-ptpeLs constanrar-nr ':23I The outlet basm
IS about SIX meters Wide by seven meter long box-shaped structure With no cover The 0 6-m
pIpes will end In the outlet basm WIth a 9O-degree elbow and I-msectIonmp1pe to dtr-ect the flow
mto the basm The waIl of the eXlstmg canal will be removed to a heIght of24m above the
bottom ofthe canal The remammg wall will serve as an end sill to the outlet basm to equahze
the flow entermg the canal A plan and sectIon ofthe outlet baSIn are shown-on ExIubit 5 14
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Chapter 6

PROJECT COST

Cost estnnates have been prepared for the features descnbed m the prelImmary desIgn The
costs used mtlns estImate represent the prevarlmg rates durmg early 1966 The estnnates are
based on the assumptIon that most of the matenals and supplIes wIll be purchased m Jordan
or through Jordaruan agents All costs are expressed m JordanIan Dmars (JD) At the time
of the estImate, the exchange rate for U S dollars was about 0 7 JD

6.1 Unit Cost on Similar Projects

The scope ofservIces- reqmred that umt costs be collected from at least three simIlar ongoing
projects-aIld that they be broken down mto matenal, labor, equIpment, transportatIon,
overhead, anapIOfim- An-attemptwasmade-w collect -tins umt cost data for pipelme-projects
m Jordan, however, no on-gomg or recently completed pipeime projects could be IdentIfied

As a result, the umt cost data for SImIlar works were collected through mqumes to local
manufacturers amLcontractors. The mformatIon collected as a result of these mqumes IS

presentedon Exlnbit 6 1 The rates -shown are=.eomposite rates that mcIude-matenal, labor,
eqUIpment, transport, overhead and profit The manufacturers and contractors contacted were
not wIllmg to break down theIr rate mformatIon mto the varIOUS components HQWever, to
proVIde a generalldea..of.current Iabor;-matenal and equIpment rates, the N A staff proVIded
Information based on theIr expenence on recent projects TIus IS gIven on Exinbitii 2 The
overhead cost and profit rate vanes With contractors As a best guess, the overhead-and profit
may be about 15 -and 10-percent, respectIvely

The compoSIte rates mclude eqmpment operatIng expenses (EOE), equIpment
ownershIp/deprecIatIon cost (EOID), supplIes, matenal and subcontract (SMS) If any, and
mdIrect cost by the contractor The EOE mcludes fuel, lubncants, and reparr parts, but not
operators and reparr labor, who are generally part of direct labor The EOID mcludes the
allocated cost of a pIece of equIpment to the work on WhICh It IS used The depreciation rates
are denved. by allocatIng the pnce of the new eqUipment over Its assumed economIC lIfe The
SMS mclude matenal m permanent works, consumable supplIes (except those under EOE),
specIalIty Items and payment for servIceS, generally obtamed by mqumng supplIers, venders
and manufacturers or subcontractor Indirect expenses are the costs reqUired by a contractor
for project management, SUpervISIon, engmeenng, and admInIstration to proceed WIth the
work These mclude overhead labor, supplIes, general operatIon expenses, outsIde servIces
expenses, taxes, msurance, and performance bond

6 2 Capital Cost

The capItal cost mcludes CIVIl works, mechanIcal eqUipment, access, contmgencies, escalatiOn
dunng constructIOn, engmeenng, and admInIstratIOn AcqUISItIons are not lllcluded because
most of the land wIll contlllue to be used for fanmng as the pIpe WIll be buned and the
remarnder of the land already IS a part of a IVA system or IS along the Zarqa channel No
relocations Will be necessary It IS expected that the project WIll be Implemented lInmediately,
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6 3 OperatIon and Mamtenance Cost

and, therefore, mflatIon to the begmnmg of constructIon wIll be mInimal

521,000
100,000
250,000
881,000

3,559,000
5,311,000

EstImated Cost
(ID)

HwaretWelr
Intake
Desandmg Basm
Outlet FacIlItIes
Pipeime and Viaducts
Total

Beatur-e

Keepmg the above factors m VIew, an annual 0 & M cost of about ID 55,000 IS Judged to be
reasonable and has been used In the economICS analySIS

The annual operating costs mclude the costs of operatIOn and maIntenance (0 & M) for the
varIOUS features, the cost of replacmg short-lIfe eqUIpment, and admimstratlon by the N A
It IS expected that the operatIon and mamtenance wIll be performed by the eXIstmg IVA O&M
staff The major components of the 0 & M cost WIll be for momtormg the system, cleanmg
and mamtenance of the desandmg basm, mamtenance of the valve house, cleamng the pIpelIne,
and replacement of mmor equIpment The N A IS currently maIntaInmg the pIpelInes ZCI
and zcn, ongmatIng at the Thahab WeIr The staff workmg on these faCIhtles can be very
well used for thIS new faCIlIty However, one or two people wIll be reqUIred for the valve
house, and an add1ttonal person wIll be requIred at the mtake/desandmg basm TransportatIon
of the add1uonal personnel can be taken care of by the eXIstmg transport deployed for the
mamtenance staff of ZCI and zcn

Estnnates of the constructIon quantItIes were based on the prelImInary deSIgns and drawmgs
The major Items of permanent eqUIpment mclude the pIpe, valves, and gates The pnces for
CIvIl equIpment were based on the survey ofJordanian manufacturers and contractors The
pnce used for the pIpe was based on the survey and an estunate from a US manufacturer The
prtces for the other permanent equIpment were based on contacts WIth mtematIonal
manufacturers or Barza expenence

The proJect IS estImated to costJD 5,311,000 A summary of the cost IS presented below, and
a detailed estunate of capItal cost IS presented on ExhIbIt 6 3

A contmgency allowance of 15 percent was mcluded m thrs cost estImate for unforseen SIte
conditions, poSSIble omISSIons, approXImatIons, and the chance of future deSIgn changes

- IndIrect costs for enzmeenng servIceS pnor to and dunng constructIon and for the
admffilstratIon costs of the owner chargeable to the project were based on an eXiStIng estlmate
for deSIgn, and an expenence estImate of 10 percent of the d1rect costs for constructIon
serVIces..--and-owner's-admimstration.
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ECONOMIC AND FINANCIAL ANALYSIS

7 1 2 Project Benefits

Chapter 7

7 1 Economic AnalysIs

JD 621,000
JD 250,000
JD 3,559,000
JD 881,000

JD 5,311,000

WeIr and Intake
Desander
PIpelme and CrossIngs
Outlet FacIlItIes

Total

Water salImty (as measured by electncal conductIVity, EC) was used as the water qualIty parameter
to compare yield realIzed under eXlstmg conditIOns WIth potential yields under WIth-prOJect l{t

The project benefits accrue from the supply of better qualIty water to the KAC The benefits wl1l
be measured In terms of Improved yields and a reductIOn In damage to the crops The area dIrectly
affected by water qualIty changes associated With the project IS the" I8-km ExtenSion ProJect," an
area of about 36,915 dunum (du) that receives water from KAC (after receiVIng water from Abu
Zelghan Canal) ThiS area IS a part of Southern Jordan Valley, WhICh also mcludes the Hlsban
Kafrem Project (about 15,947 du, not affected by the pIpelIne) and 14 5-km ExtenSIOn Project The
14 5-km ExtenSIOn Project, whIch IS presently under development, Includes an lITIgatIOn area of
about 60,000 du and Karameh ReservOIr, whIch IS deSIgned to temporanly store excess water from
the KAC and Side wadiS dunng the wmter and return those flows to the KAC dunng spnng and
summer The 14 5~km cAtensIOn Will thus be mdlrectly affected by the plpehne

7 1 1 Pro:1ect Costs

The operatIOn and ma10tenance of the project wIll be performed as an extenSIOn to the eXistIng JVA
operation and maIntenance group As such, the cost of O&M WIll be an mcremental amount to an
eXlstmg budget It IS estImated that the O&M costs for the project Will amount to about JO 55,000
per year ThIS cost WIll Include labor matenals, adminIstratIOn, and general expenses

The economIC JustificatIOn of the Zarqa Conveyance Project has been measured by a companson
of project benefits and project costs over the economic hfe of the project which has been taken as
50 years

ConstructIOn wIll take place 10 one year

The project costs are based on the cntena and drawmgs presented m Chapter 4 All costs are
measured at the 1995 pnce level The constructIOn cost mcludes cIvIl costs, permanent eqUIpment,
contmgencles, and an allowance for engmeenng and owner's admInIstrative costs A summary of
the constructIOn costs are presented below
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conditions Both crop tolerance and YIeld are Influenced by the lITIgatIon water qualIty In terms
of EC values, the data given In Table 7 1 can serve as a gUide to relative tolerance of crops The
values presented are averages ofseveral crops grown In Jordan Valley In the indICated category

Table 71

CROP TOLERANCE AND YIELD POTENTIAL AS INFLUENCED BY
IRRIGATION WATER SALINITY (EC, MMOHS/CM)

per Ayers and Westcot (I 985)

Yield PotentIal as % of Maximum 100 90 75 50

EC Values, mmhos/cm

Vegetables 1 40 200 290 430

CitruS 110 I 60 220 320

7 1 2 1 Average Water QualIty Conditions

The lITIgatIon releases from KTD are mIxed With the salIne water from sprIngs along the Zarqa RIver
reach between the Hwaret WeIr and the Abu Zeighan WeIr ThiS mIXing lowers the qualIty of the
releases from KTD Monthly EC values, averaged over a 6-year perIod from 1989 to 1994 and
presented In Table 72, mdlCate the effect ofthe mIxmg The water released from KTD IS mixed With
the salme SprIngs and seeps Just upstream from the Abu Zelghan Canal and then mIxed WIth the
water ofthe KAC before bemg used for Irngatlon The averaged CC values at KAC-Sawalha, whIch
IS upstream of the dIverSIOn from the Abu Zeighan Canal, and at KAC-MaadI, whIch IS after mIxmg
With the dIverSIOn from the Abu Zeighan Canal, give a clear mdicatIon of the detenoratIOn m water
qualIty due to the salIne springs along the Zarqa RIver
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Table 72

AVERAGE EC VALUES FOR 1989-1994

Month KTD SIte AbuZelghan KAC Sawalha KAC Maadl
Canal

January 248 306 079 1 41

February I 95 279 079 I 50

March I 87 229 081 I 67

Apnl 1 81 1 82 088 1 84

May 1 73 200 093 I 94

June I 65 204 084 I 95

July 1 61 2 16 092 1 97

August 1 79 2 12 078 208

September I 92 224 090 209

October 2 10 235 094 223

November 237 271 1 01 2 10

December 2 19 269 086 1 65

7 1 2 2 Approach to the DerivatIOn of Economic Benefits

Assessment of the effects of the project on crop productIOn and economic returns In the affected area
was based on

Water qualIty data collected by JVA at k.ey locatIons m the lITIgatIOn svstem,

Economic data obtaIned from results of two surveys of randomly selected farms m the central
and southern Jordan Valley, and

Data on croppIng patterns for the southern Jordan Valley was obtamed from publIshed
statistIcs and from unpublIshed data prOVIded by JVA

The assessment approach Involved estImatIng the effect ofEC on the yield ofmdIvldual crops grown
In the southern Jordan Valley dunng the 1990-91 through 1994-95 groWIng seasons Observed EC
data for the KAC-Maadl and the InformatIon In Table 7 I were used to estimate the percentage of
the theoretIcal maximum yield that was obtaIned under actual conditIons PredIcted EC data (ExhibIt
7 I) were used to estimate the percentage of maximum yIeld that would have been obtamed had the
project been In operatIon dunng those groWIng seasons The ratIOS ofthe percentage yIelds WIth and
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without the project were then used to estimate the change In economIC returns that could be attnbuted
to the project

The economIC data used In the study came from two sources coverIng dIfferent perIods and areas In

the Jordan Valley For the 1991-1992 season In the southern Jordan Valley, economIc data were
collected from Salman (J 994) and for the 1993-1994 season In the central Jordan Valley from the
Water & EnVIronment Research & Study Center (1995) Data were avaIlable for most of the more
Widely planted crops and for several technologIes (surface lITIgatIOn, drIp lITIgation, drIp lITIgatIon
In plastIc tunnels, and drIp lITIgatIOn In plastIC greenhouses)

The 1991-1992 perIod was conSidered as a wet penod when EC's m the KAC, even after miXIng With
the dIversIon from the Abu Zelghan Canal, were relatively low and the total area of agrIcultural
productIOn was-relatIvely hIgh due---to-p-lerrtrful water-from -ramfa:ll DUrIng thIS study, crop
productIOn was hkely mInImally affected by salInIty Predicted yIelds for most crops were m the 90
100 percent range, based on the assumed salInIty vs crop productIon relationships

The 1993-94 season was conSidered to be relatIvely dry, and the EC values were relatively high The
economIc data collected as a result of the central Jordan Valley study were from an area that
presently receIves water that IS dIverted from the Zarqa River at Thahab Weir The total area of
agrIcultural productlon In the southern Jordan Valley dunng thiS study was low relative to the 1991
92 season due to a lack of suffiCIent ramfall to supplement supplIes from the lITIgatIOn system
Based on the assumed salInIty vs crop production relatIOnships, production of most crops In the
study area was m the 60-95 percent range

In the assessment of project benefits, productIon costs were treated as fixed, that IS, addItIOnal
productIOn was not conSIdered to reqUIre addItIOnal labor for harvestmg In addItIon, It was assumed
that market prIces for the crops produced would not be affected by any additIonal productIOn
resultIng from Improved water qualIty The latter assumptIOn appears Justified In that the area
directly affected by the project IS approximately 10 percent of the total agrIcultural area of the
Jordan Valley and that the maxImum Impact ofthe project on overall yIeld IS an Increase on the order
of 10 percent

The assessment approach Involved the follOWIng analyses

• Monthly average EC data were collected at four key locatIOn, at the KAC south of or
downstream from the diverSion from the Abu Zelghan Canal or KAC-Maadl (KAC-s), at the
KAC north ofor upstream from the diverSIOn from the Abu Zelghan canal or KAC-Sawalha
(KAC-n), at the Abu Zelghan Canal, and at KTD from the begInnIng of the grOWIng season
m the 1991 water year (September 1990) through the end of 1995 These data were analyzed
to determIne the average monthly mlxmg ratio between KAC-n and water from the Zarqa
River that was diverted through the Abu Zelghan Canal to KAC-s

• The mIXIng ratIO was used to predict the maximum monthly average EC's that would have
resulted had the project been m operatIOn dUrIng the perIod In questIOn Monthly average CC
data for samples collected at Kmg Talal Dam were used In place of monthly average EC
values for samples from Abu Zeighan Weir and "mlxed" With KAC-n water assuming that
the mlxmg ratIO did not change ThiS proVided estimates of the monthly average Ee's In the
KAC-s had the project been m operatIon (I e , no mIxIng With salIne sprIng mflows between
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Hwaret and Abu Zelghan WeIrs)

The observed average monthly EC data for the KAC-s were used to develop average EC's
over the IrngatIon penod for each crop (representmg growmg condItions wIthout the project)
The predIcted EC's for the KAC-s that would have occurred had the project been operatmg
were used to develop average EC's over the lITIgatIOn penod for each crop (representmg
growmg condItIOns wIth the project)

The effect of EC on each crop was evaluated usmg the EC vs crop yIeld relationshIps
provIded In Table 7I, (Ayers and Westcot,1985) ThIs provIded an estImated percentage
crop yield for the average EC occuITIng dunng the lITIgatIOn period Crop yields were
estImated both With and without the project Where the relatIOnshIp was not aVailable for a
specrfi-c-crop;-the relatronslnp-fura-related crop was used as a surrogate

CroppIng pattern data for mdlvldual crops grown m the southern Jordan Valley (Shuna
Janobta) were obtamed for 1990 (Annual Agncultural Statistics, 1990, as reported m Salman,
1994) and for 1994 (Water & EnvIronment Research & Study Center, 1995)

The croppmg data represents the 18-km extensIOn which Will be affected by the Zarqa
Conveyance Project, and the Hlsban-Kafrem lITIgation area that WIll not be affected by the
Zarqa Conveyance Project Data proVIded by JVA for areas of general crop types (CItruS,
bananas, fruIt trees, "wheat," and vegetables) under lITIgation m 1994 m the 18-km ExtenSIon
and the Hlsban-Kafrem areas were used to prorate the croppmg data to estimate the acreages
In each crop category that were under productIon m the 18-km ExtenSIOn area

Data estlmatmg average umt production costs (JD/du) and Unit economIC returns (JD/du) for
Jordan Valley farm enterpnses were complIed from Salman (1994) and Water &
EnVIronment Research & Study Center - UniVerSIty of Jordan (1995) In mstances where
economIC data were not aVaIlable for a crop appeanng m the croppmg pattern (all such crops
are referred to as "other"), the area-weIghted average costs and returns for all dnp-lITIgated
crops were used Separate area-weIghted average umt returns were developed for the 1991
92 and 1993-94 data sets

EstImated percentage crop yIelds for the base penod (1991-92 or 1993-94) m whIch crop
economIC data were collected were calculated usmg the observed EC values for those years
and for the areas (central or southern Jordan Valley) from whIch data were obtamed The
ratio ofthe estImated percentage yield for the base penod to the estimated percentage yield
m the 18-k.m ExtenSIOn area, deternlmed usmg observed EC data, was multiplIed by the umt
return (JD/du) m the base penod to estImate the umt return for each crop Estimates ofumt
returns were developed for each of the years 1991 through 1995 Unit returns were lIkeWIse
estImated usmg the estimated EC's that would have occurred m the KAC-s dunng the years
1991 through 1995 had the Zarqa Conveyance Project been operatmg Project umt benefits
(TD/du) were calculated as the difference between the "With project" returns and the "Without

project lf returns

Two sets ofestimates of Unit benefits were developed In cases where 1991-92 and 1993-94
economIC data were aVaIlable for the same crop, two estimates of unit benefits were made
for that crop Where economic data for a speCific crop were available from only one source,
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those data were consIdered representatIve ofboth the 1991-92 and 1993-94 economIC sample
penods, regardless of the year m whIch the data were collected Each set of umt benefit
estimates was then multiplIed by each set of croppmg pattern estimates (1990 and 1994) and
summed to produce four estImates of gross project benefits for each year

• Gross benefit estImates were divIded by the total cropped area to obtam estImates of the
mean umt benefit (JD/du) provided by the project

Table 73 summanzes the results of tlus assessment Detaded breakdowns of crop productIOn
estImates are proVIded on E...hlblts 7 2 through 7 7

Table 7 3 Illustrates the Wide vanatlOn In project benefits that might occur between years when water
m=the=KAC-n IS relatIvely-plerrtrful and/or flow releases from KTD are hIgh (1990-1991 and 1991
1992) and years when water m the KAC-n IS less aVaIlable and flow releases from the KTD are
relatively low (1993-1994 and 1994-1995)

Table 7 3

SUMMARY OF ANALYSIS OF ESTIMATED FARM-LEVEL
ECONOMIC RETURNS (J D) RESULTING FROM PROJECT IMPLEMENTATION

Input Data Used for Growmg Season
Economic AnalysIs

1990-91 1991 92 199293 199394 1994-95

1991 92 EconomIcs 152396 173674 328801 1924133 1408675
1990 Croppmg 38 JD/du 44 JD/du 83 JD/du 484 JD/du 314 JD/du

Pattern

1991 92 EconomiCs 109604 127099 319224 987881 865302
1994 Croppmg 5 I JD/du 18 JD/du 148 JD/du 418 JD/du 40 I JD/du

1993 94 EconomIcs 21'i 291 202094 439783 2744 607 1880493
1990 Croppmg 59 JD/du 51 JD/du II 1 JD/du 690 JD/du 473 JD/du

1993 94 EconomIcs 15751'i 160 747 459244 1211431 1091 100
1994 Croppmg 73 JD/du 75 JD/du 21 3 JD/du 162 JD/du 'i0 6JD/du

The economlC returns do not mclude direct effects of the project on the areas In two of the lITIgation
development areas (DA 25 and 30) that are located Immediately north of the 18-km extensIOn and
that receive water directly from the KAC The returns also do not consider the mdlrect effect of
project operatIon on the 14 5-km ExtenSIOn project Assummg that directly affected areas In DA 25
and 30 have the same croppmg pattern as the 18-k.m ExtenSIOn project, the total economic benefit.,
ofthe project would Increase by appro'Gmately 15 percent

It IS more difficult to assess project effects on the 14 5 kIn ExtenSIOn project area ThiS area IS

presently under development and therefore, there IS no mformatlon on croppmg patterns m that area
Dunng the first five to ten years after thiS lITIgatIOn project begms operatIOn, It IS expected that crop
productIOn would be pnmanly In the form of vegetables, because fnIlt trees would reqlllre time to
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come mto full productIOn In addition, the water for the 14 5-km ExtenSlOl1 Project will come
pnmanly from storage at Karameh Dam, which wJll denve partly from the KAC and partly from
other sources, mcludmg the Zarqa River Consldenng the area under development for ImgatlOn m
this project (59,750 du), even a small contnbutIon to Improved water qualIty m the ]45-km
ExtenSIOn area wlllltkely have substantIal benefits

7 1 2 3 EconomIc Benefit

As shown m Table 7 3, the total benefits mdlcate a Wide range Under current operatmg conditIOns,
represented by the values for] 993-94 and ]994-95, much of the water m the KAC m the summer
months IS dIverted to Amman for mUnIcipal and mdustnal use This IS lIkely to contmue as long as
supphes-are-scarce ill Jordan An average-ofthe values for 1993-94 and 1994-95 mcreased by 15
percent to mclude DA 25 and 30 (JD 1 7 millIon/year) would be representative of thIS operatmg
conditIon as they mclude a dry year and a wet year croppmg pattern and area lITIgated If the
dIversIOn to Amman vanes dependIng on other supphes, an average ofall of the values (JD 860,000)
would be more representative of the project benefits The economIC analySIS was perfonned for both
values The mdlrect benefits are not considered

7 I 3 Benefit Budd-up Period

Project benefits Will be realIzed m the first year after the project IS completed, which IS scheduled
to be functlOnal after about 12 months from start of constructlOn Therefore, no bUildup penod IS
assumed

7 1.4 EconomIc JustIficatIOn

The economic JustIficatlOn ofthe project IS evaluated USIng net present value and benefit-cost ratlO
cnterIa These cntena were computed usmg a 10 percent discount rate and a 50-year penod of
analySIS Based on a constructIon cost of JD 5 3 mIllIon and benefits amountIng to JD 1 7 millIon
per year, the project IS economIcally JustIfied WIth a benefit cost ratlO of2 9 and a net present value
ofabout JD ]0 mIllIon

71 5 SenSItivIty AnalySIS

Sensitivity analyses were performed to evaluate the effect of changes m mterest rate, cost, and the
value of benefits on the project economics To evaluate the sensltlvlty of project economics to
discount rates, the discount rate was adjusted from 10 percent to 8 and 12 percent To evaluate the
sensitivity to cost, the constructIOn cost was adjusted upward by 10 percent and downward by 10
percent (n a thIrd adjustment, the benefits representmg condItIons over the last five years, which
mcluded a perIod of major dIverSIOn from the KAC for use m Amman, as well as a peflod when
more of the water was used for lITIgatIOn were consIdered fmaIly, a worst case was considered
which mc1uded all of the conservative assumptIOns, I e 12 percent mterest, a high cost, and a low
benefit The results of these sensItIvity analyses are presented m Table 74

<I



Table 74

SENSITIVITY ANALYSIS

7 2 I Investment Cost

7 2 FmancIaI AnalysIs

JD 5 311 mIllIon
0433

ConstructIon Cost
EscalatIOn to the begmnmg ofconstructIon @ 4%

The mvestment cost mcludes the estImate of the constructIOn cost, mflatlOn to the begmmng of
constructIOn and mterest durmg constructIOn The total debt mvestment mcludes the mvestment co"t,
the first-years O&M, and a financmg fee The total debt mvestment IS shown below

The financIal analysIs mcludes a cash flow analysIs based on assumed financIal crltena and the
computatIOn of an equalizatIOn revenue whIch measures the annual revenue requIred to repay the
Project capItal and operatmg costs over a 20-year period

Case Interest Rate Project Cost Project BIC NPV
DescnptlOn (percent) (Milhon JD) BenefIt (1000 JD)

(1000 JD/yr)

Base Case 10 5311 1,700 29 10~000

Interest Rate 8 5311 1,700 35 13,700
Adjustment

Interest Rate 12 5311 1,700 24 7,500
Adjustment

Cost 10 5311+10% 1,700 )'0 9,500
Adjustment

Cost 10 5311-10% 1,700 32 10,500
Adjustment

Benefit 10 5311 860 1 5 2,428
Adjustment

Worst Case 12 5311+10% 860 1 1 750
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722 Repayment

A cost stream, shoWIng the total ofO&M costs, Interest and pnncipal charges IS presented In ExhibIt
78

Based on thIS analYSIS, It IS concluded that If the MWI deSIres to recover the funds expended on the
ProJect, the gross returns to the farmers In the area WIll be suffiCIent to repay the Project costs under
the assumed financmg conditIons

Based on the low estImate ofbenefit, the coverage IS about 50 percent of the benefit If a debt cost
of money equal to 10 percent IS used In the analYSIS, the equalIzmg revenue value IS Increased to
about JD 624,000 per year which IS about 35 percent of the expected average annual net benefit and
about 70 percent of the low estImate of benefits

- ---------~....

0185
0058
0185

JD 6 173 mIllIon

Interest dunng constructIon @ 6%
O&M account
FInancIng fee @ 3%

Total Debt Investment(rounded)

An analysIs was performed to estimate the annual "equahzatIOn revenue" reqUIred to result In a
cumulatrve-present-value of the cash flow equal to zero ThIs approach was taken rather than the
conventIOnal finanCIal analySIS because It IS dIfficult to estImate the revenue to the natIOn (the vehIcle
for repayment) as a result ofthe ImplementatIon of thIs project and, therefore, the denvatlOn ofa
finanCIal rate ofreturn IS not relevant The ratIO ofthis annual equalizatIOn revenue to the total net
benefit prOVides an indIcatIon of the "coverage" that the Project Improvements proVide AlloWIng
for 100 percent debt finanCIng, a 6 0 percent cost ofdebt (based on the assumptIOn of a soft loan),
and a debt repayment penod of20 years, the equalIzatIOn revenue would be about JD 455,000 (m
1995 JD) per year whIch IS about 27 percent ofthe annual benefit ofJD I 7 mIllIon (see ExhIbIt 78)
Therefore, taxes In the amount of27 percent of the additIOnal mcome would repay the Project loan
and operating costs m 20 years
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Chapter 8

PROJECT IMPLEMENTATION AND CONSTRUCTION

It IS the mtentIon of the JVA to Implement the project as soon as feasIble, preferably by the mIddle
of 1997 so that better qualIty water wIll become durmg the peflod when slgmficant dIversIOns wIll
be made from the KAC for supply to Amman Followmg thIS feaSIbIlIty report and prellmmary
desIgn, the major steps for the ImplementatIOn of the project wIll mclude

1 Fundmg
2 Fmal desIgn
3 Prequahficatlon of contractors
4 PreparatIOn of contract documents
5 B1d-preparatIOTI
6 Contract award
7 Order and furnIsh pIpe and accessones
8 ConstructIOn actIvItIes

It IS expected that the prequahficatIOn actIVIties, excludmg the furnIshmg of the pIpe WIll take about
five to SIX months Dunng thIS penod, It IS necessary to secure the fundmg for the project and to
order the pIpe The proVISIOn of the pipe, whether from the USA, southern Europe, or the Far East,
IS on the CrItIcal path The constructIOn should be completed In about SIX or seven months A
schedule for the Implementation of the project IS shown on Exhibit 8 1

8 1 Project OrgamzatlOn

The JVA has suffiCIent expenence to be able to admmister the constructIon of the project A
consultant WIll be reqUlred for the final deSign, preparatIOn of contract documents and other
processes leadIng to the selection of a contractor Because of relatIvely small SIze of the project, It
IS expected that a local contractor Will construct the project OperatIon and mamtenance of the
project can also be performed by the JVA staff The team that currently takes care of ZCI and zen
can also be responSIble for thiS project With the additIOn of several people

8 2 PreconstructIon ActIVIties

The InitIal steps for project lIuplementatIon WIll be the final diSCUSSion and financmg negotIatIOns
by the JVA It IS expected that the JVA will secure the funds from a donor country at favorable rates
The deSIgn must be started Immediately after submiSSion of the feaslblhty report The deSign phase
of the project may reqUIre lImited detailed topographiC survey at the locatIOns of some structures and
dwellmgs at the weir SIte Also some modIficatIOn m the alIgnment of the plpelme, espeCially at the
bndge crossmg may be needed The JVA Will have to order the pipe as soon as fundmg IS secured
ThIS Will permit the constructIOn of the project WithIn the tIme constramts established above

8 3 ConstructIOn ActiVIties

The major components of the proJect are

1 WeIr
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2 Intake
3 Desandmg basm
4 PipelIne
5 Outlet works

The plan for control of the nver dunng constructIOn has been descnbed In Chapter 5 as reqUIred by
the scope ofwork The nght side of the eXlstmg weir wIll be removed and the new weir constructed
behmd the first stage of the cofferdam The left sIde of the weir will be removed and replaced and
the mtake constructed behmd the second stage cofferdam The desandmg basIn, plpelme, nver
crossmgs, and outlet facIlItIes all can be constructed at the same time Delays may occur durmg the
ramy season between January and Apnl, however, they are not expected to be sIgmficant because
the KTR effectively controls floods up to a return mterval of 100 years The IntervenIng area !Sioo
small, With low ramfall, to cause any floodmg
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Chapter 9

ENVIRONMENTAL ASSESSMENT

A stand-alone report entItled, "EnVIronmental Assessment, March 1996," has been ISSUed by
Harza-CC as a part oftlus project feastothty study The report proVldes-detaIled ofall alternatIves
,consIdered at the conceptual level and therr potenttal environmental 1Il1pacts TIns chapter
proVIdes a bnefsummaryufthemajor findIngs and recommendatIons ofthe report, related to the
proposed project, other alternatlves sumlar to the proposed project and the "no act1on"
alternatlve The major Items covered m tins chapter are

• DescnptIon ofthe enVIronment or areas that will be affected by the alternatIves under
consIderatIon

• DescnptIon orthe enVJronmentarconseqzJences oflJDdertakJDgany-ofthe-altematrves
mcludIng drrect and1ndrrect effects, and pOSSIble IDlt1gatlon measures

• IdentificatIon ofmomtonng requrred to measure changes m enVIronmental quahty
resultIng from 1Il1plementatlon ofthe proposed project

9.1 Alternatives-Included for Environmental-Assessment

AlternatIves retamedfor envrronmental consIderatIon mclude

·Construct1on ofa pipelme from the Hwaret Weir to the Abu
Zeighan Werr (proposed project-lRR3a)

• ConstructIon ofcanal-pIpe combmatlon from the Hwaret WeIr-to the Abu Zelghan Werr
(IRR3b)

• ConstructIon ofplpehne from the Thahab WeIr to the Abu Zelghan WeIr (IRRl)

• No-actIon

9 2 Affected EnVironment

DurIng the scopmg process the follOWIng general areas were determmed to be potentially subject
to dIrect enVIronmental effects ofthe project

• The Zarqa River channel from the pomt ofthe flow diversIOn (at Thahab or the Hwaret
WeIr) downstream to the Abu Zelghan WeIr

-Areas In and adjacent to the plpeIme (or canal) comdor In the Zarqa River valley area
from Thahab or the Hwaret WeIr to the Abu Zeighan WeIr,

-The Zarqa River channel downstream ofthe Abu Zeighan WeIr and areas adjacent to the
channel, and

9-1
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• Areas lITIgated from the KAC-s belO\~ the mtersect10n ofthe Abu Zelghan Canal WIth
the KAC TIns mcludes an area of36,915 du desIgnated by N A as the" 18 Ian ExtensIOn
Project", which mcludes lITIgatton development areas (OAts) 26, 27 and 28 Also
mc1uded m the lITIgated area ar-e parts ofDA 30 and parts ofDA 25 that are served by
Pump Statton 78

In additton, the project will have mdrrect effects on an tmgated area known as the "145 k:m
ExtensIOn ProJect,u wluchlS south ofthe 18lanExtenslOn The 59,750 du 145 km (FIgure 4-1)
IS presently bemg developed to store excess flows from the KAC-s and side wadIS at Karameh
Dam dunng the wmter months and pump back the stored water dunng late wmter and spnng to
mamtam lITIgatton

9.3 Companson ofEnvironmentaI Effects

The enVIfonmental effects of proposed project and the feasible alternattves, mc1udmg the no
actIon alternattve, and the proposed project With recommended mttigatlOn are compared The
areas of compansaamc1ude constructton effects, effects on flow In three, potenually-affected
segments the Zarqa RIver, effects on water qualtty m the Zarqa RIver and the KAC, effects on
aquatIc hfe, channel and npanan vegetatton, 1lD.d mtgratory/resldent brrd habitat and effects on
human-uses In affected areas No comparIson of project benefits IS prOVided because the
proposed proJect-ano all feasible alternattves will have the same level ofbenefits re1attve to the
no-actIon alternattve

9 3 1 Construction and Operation Effects oaLand Use (Exhibit -9.1)

The no-act1on alternattve will not affect land use and dwellmgs Construct1on ofthe proposed
project could cause a one-season disruption ofup the 16 3 du ofland that was under cu1ttvatton
for vegetables dunng wmter 1996 This dtsruptlon can be mttlgated-by schedulmg construct1on
outside ofthe normal grOWIng season (September to May) Culttvatton over the plpelme trench
area would lIkely be dIscouraged after completIOn ofconstructIOn (although plantmg over other
ptpe1mes m the area appears to be common practice), resulttng m a permanent loss ofabout 1 1
du of cultIvated land Loss ofup to 0 6 du ofCitruS could occur, however, present plans for
plpeltne construct1on call for aVOldmg this area Construct1on m the nver channle would be
requrred at two locations The effects ofthe the Hwaret canal-plpelme alternative are sImIlar to
those ofthe proposed project, however, the canal would ltkely occupy more area and thus would
Involve a permanent loss of 2 9 du of cultIvated land Due to Its greater length, the Thahab
plpehne alternatIve would temporanly affect 22 6 du of land that was under cultIvation for
vegetables and would result mpermanent removal of7 0 du ofland from vegetable cultIvation and
o3 du ofohve trees Construction m the nver channel would be requIred at five locations

9.3 2 OperatIOn Effects on Streamflow (EXhIbIt 9.2)

The proposed project would dIvert water from a stream segment that IS about 4 7 Ian long The
lower portIon ofthat segment IS affected by salme spnngs and seeps and apprecIable flow would
become establIshed WIthtn the first 2 5 Ian below the Hwaret Welf OperatIon ofa settlmg basm
for desandmg water delIvered to the plpehne (SImIlar to the basm at the Thahab WeIr) may
proVIde ltmtted year-round flows (up to about 20 LIs) m the 1 5 Ian segment upstream ofthe

9-2
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sahne spnngs With the proposed Illiugatlon a nummum flow of20 Us would be released at The
Hwaret Werr to proVIde for mamtenance ofInlgratory brrd and WIldlIfe habitat m the upstream
portion ofthis segment Under the no-action alternative, flows m tlus segment would fluctuate
m response to lffigatlon demands (from 0 to approXImately 2,500 Us), With hmIted flows (up to
about 20 Us) m the upstream 1 5 Ian se~ent for prolonged penods dunng the wmter months

The Hwaret canal-plpelme alternative would have be eqwvalentto the proposed project relative
to Its effects on flow The Thabab pipehne altematlve would affect an additional 5-2 Ian ofstream
channel ThIs segment of channel--would- expenence hmIted flows (up-to about 20 Us)
throughout the year

At present (no-actlonalternatlve), the Z-arqa RIver downstream from the Abu Z-elghanWerr has
a flow ofapproXImately 80 Us from dIverted sahne spnng mflows These flows were estabhshed
recently and account for only a portIon ofthe sahne spnng flows, however, m the absence ofother
measures, iheyworiIcfbe expected"to contInue 1he-pmposed-prOject and feasIDIe alternatives
would mcrease thatflow to 150-300 Us because all-spnng mflow would be passed at the WelL

9 3.3 OperatIOn-mrects on-W-aterlluahty (Exhibit 9.3)

The proposed project would dIvert shghtly bracla.sh (average Ee 1 9 dS/m or about 1 3 %0
salmlty), renovated mumclpaI-and-mdustnal water mtended foum~lOn-use-aroond--an area
recelVl11g saIme-spnng=mflows-ofWlth an EC of7-9 dS/m The renovatedwater IS very eutrophic,
that 15, It 18 lugbly ennched-Wlth-nutrlents (N03 andNH.) and BiolOgICal Oxygen Demand (BOD)
IS excesSive, thus creanng-potential problems With maintenance ofoxygen for aquatic hfe The
sahne spnngs haV'eJow nutnents andBOD Thej)roposed project will remove renovated water
from the stream channel.creatlng condltlons much more favorable for aquatic life m the lower
3 2 Ian ofthe segment below the Hwaret Werr than under the no-actlon alternatlve The Ee m
the area of salme spnngs will mcrease to moderately braclash levels, however, thIs 18 not as
hmItlng ofaquatlc fauna diverSity and productiVIty as IS consumptlon of oxygen by lugh BOD
Low flows mthe stream segment upstream ofthe salme spnngs will not dIffer m qualIty from the
no-actIOn alternatlve but penods of zero flow will probably occur, thus rendenng the area
unswtable for many aquatlc fauna. The proposed project With recommended Illitlgatlon will result
m contmumg polluted conditions m the stream segment above the salme spnngs, however,
penodlc desslcat10n will be reduced Ddutlon ofnutnents and BOD present m the IlliillIDum flow
release by the sahne spnng water will result m conrutlons not appreCiably dIfferent from those that
would occur With salme mflows alone

The Hwaret canaI-plpelme feaslble a1ternatlve would have effects on water quahty eqmvalent to
those resultmg from Implementatlon ofthe Proposed Actlon The Thahab plpelme a1ternatlve
would divert renovated water around an additIOnal 5 2 km ofstream channel, wluch would be
expected to receive low flows and expenence penodlc desslcatlon

934 OperatIOn Effects on AquatiC Life, VegetatIOn and Migratory and Resident Bird
Habitat (Exhibit 94)
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Aquatic hfe ill the Z&qaRIver IS affected, at-present (no-action alternatIve), by flow fluctuatIons,
polluted water and salImty vanatIOns ThIs combmatIon of factors lumts the dIverSIty and
abundance ofaquatIc bIota to speCIes that are very tolerant oflow oxygen, penodic deSSIcatIon
and sahmty levels rangmg from shghtly to moderately braclosh The illgh BOD and nutnents
content ofthe renovated water releasedat KID IS hkely to result m anoXiC condItIons on a regular
basIS Such conditIons probably are the most hmItIng The proposed project will reduce flows
to low levels (0-20 Us) m the 15 Ian stream segment ImmedIately downstream ofthe Hwaret
WeIr The low flowsmay mcrease occurrence ofanoXiC conditIons and deSSIcatIon ofthe channel
would occur frequently; thus, most aquatIc bIOta would hkely be extrrpated The low flows would
-be~nough to mamtam an-area-ofemergent vegetatIon m the stream channel (pnmarl1y reeds) and
support contmued presence ofawell developed commumty oftamanx and oleander at the channel

- margms. The vegetated area will contract somewhat and the eXIstmg open water m the center of
the channel will become overgrown. The vegetation changes will adversely affect bIrds that
explOIt open water m nvenne areas, such as larger herons and longfishers, whIle habitat for
wad.mg bIrds that prefer cover, such as bItterns, small herons and raIls will be mamtamed As the
vegetated1tfea contracts, there mayals-oiJe some reductIon ofthe quantIty ofcover and roostmg
habItat for songbIrds

In the area affected by -sahne spnngs, nnxmg of low flows of polluted water With saline
:::groundwater will result -m-much-Improved levels ofnutnents and BOD There will be a small
reductIon m sahmty of the spnng water (on the order of 0 2-0 5 dS/m) when setthng basm
overflow IS oper.a.tmg,-however,-Sahmty will be more stable than under present conditions
Because channehzatIon-ofthe streambe<lto aVOId nuxing-nngatIon water-and spnng water will
no longer be necessary,. npanan and aquatIc emergent vegetatIOn, pnmanly halophytIc SpecIes,
will become estabhshed The-area should support a greater dIverSIty ofaquatIc hfe as condItIons
will-be more stable and dIsruptIon of the streambed will no longer occur VegetatIon will
probably be hmrted mdIversIty by grazmg livestock and by sahmty Oleander and reeds are hkely
to be the most COnsPiCUOUS plant speCIes Use oftllis area by bIrds will mcrease as vegetatIOn
becomes establIshed. Open-water bIrds and songbIrds ar-e most hkely to benefit

With the IDlffilIDum flow release proposed as a mItIgatIOn measure, the proposed project would
mprove the stability ofaquatIc habItat m the area upstream ofthe sahne mflows Water quahty
would not nnprove over the no-action alternatlve and thus would remam margmal The ffillllffium
flow would mamtam greater diverSIty ofmId-channel emergent vegetatIOn and, pOSSibly, denser
npanan vegetatlon than the proposed project Without mItIgatIon Effects on the brackish water
segment would be slmllar to the proposed project

The Hwaret canaI-plpelme alternatlve would have the same effects as the proposed project The
Thahab plpehne alternative would affect an addItIOnal 5 2 Ian of freshwater stream channel,
compared to the proposed project The effects on tills area would be snmlar to those expected
to occur m the 1 5 Ian reach upstream of the salme spnngs followmg mplementatlOn of the
proposed project The greater extent of the effects on aquatIC hfe and vegetatIOn would reduce
habItat swtability for bIrds compared to the proposed project

9.3.5 OperatIOn Effects on Human Uses ofWater 10 the Zarqa RIver and IrrIgated Areas
(ExhIbIt 9 5)
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The Zarqa River mthe project area IS used by pastorahsts for grazIng and watenng hvestock, by
the local populatIon forvanous types ofwashtng and bathmg and by fanners for lffigatIon. Most
farmers m the area are supphed WIth lffigatIon water from taps on the ZC I pipehne There are
three farms on the south sIde ofthe nver between Thahab and the Abu Zelghan WeIrS that pump
water directly from the nver for lffigatlon purposes All farms along the nver downstream from
the Abu Zelghan WeIr are supphed WIth water from ZC 1, ZC IT or the KAC

Use of the nver by pastoraltsts occurs both upstream and downstream from the Abu Zelghan
WeIr The water quahty for hvestock IS typIcally m the flvery satlsfactoryfl rang~ (Ayers-, 1985)
upstream from the salme mflows (when there IS flow below the Thahab Weir) and, dependIng on

_ the flow past the Thahab Welf, maybe-m the flyery satlsfactoryfl or "satisfactory" range above the
Aim Zelghan Werr Below The Abu- Zelghan WeIr, water quality for pastoral use IS m the
"satlsfilctory" or "lmuted use" range, dependmg on the exact EC ofthe saline spnng mflows (the
hkely EC IS 8+1 dS/m whIch hes at the boundary between-thelwo qualIty ranges)~

Cohfonnbacteria levels m the water in the maIn channel make It ofhmtted swtabthty for human
contact uses Use ofwater from the nver for bathmg occurs at two large thermal spnngs.-(Man
Spnngand Woman Spnng) TIms, bathers are not-subject-to-contact with:bactena-contannnated
water at the bathmg sItes Use ofthe water for washmg.cIothes,--hv--esto.ck,-.agncultural vehIcles
and -eqtI1pment and gravel-waslnngoccurs both upstream and=downstream from the Abu Zelghan
Weir thus the sahmty does not appearto be great enough to restnct those uses

The-pmposed project would affect two fanns that dr-aw wateredrrectly-=from-thenver channel for
trrigation. The flow-I'eqwrement for those farms IS small-compar-ed-to-D.v.er flow and would hkely
be more than satlsfied by the settling basm overflow; howev-er, -without a mmtmum flow
requrrement there would be penods ofno flow when lffigatlon~uld not be accomphshed The
Proposed ActlOn would also affect hvestockuse m the 1 5 km-segment above the-salme-spnngs
The loss offlow would be penodlc and pastoralIsts wauld be requrr.ed -to move flocks 1 5 km
downstream to obtam water from the nver channel The quahty of water would be m the
IIsatlsfactory" to "hmtted usefl range, as dIscussed above The 1 5 Ian segment would also be
unavaIlable for washing, however, nver water for washIng would be no more than 0 8 km from
eXlstmg dwelhngs ProVISIon of a 20 Us contmuous nununum flow (proposed Aetlon With
mItlgatlon) would be suffiCIent to meet all use reqUlfements m the 1 5 Ian segment

936 Selected Alternatives

Effects ofthe Hwaret canal-pipelme alternative are eqUIvalent to those ofthe proposed project
However, the open canal system will have addItIonal potentIal effects and also there will be
rnamtenance problems The Thahab plpehne would affect an addItional 5 2 Ian ofnver channel
ThIs would affect one addtuonal farm and make access to water for hvestock and washtng (when
there IS no flow from the setthng basm) more dIfficult Therefore, the proposed project has the
nurumal envrronmental effects

94 EnVironmental Consequences

The enVIronmental consequences are conSIdered on the followmg resources for the proposed
project and no-actIon alternatIve
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• Streamflow and Water QualIty
• Groundwater
• Wtldhfe and AquatIc Resources
• Swtabthty ofwater for Agnculture and Other Uses
• ProductlVIty ofAffected Lands

The proposed project mvolves constructIOn ofa 3 5 Jan long plpelme diverSion around a 4 7 Ian
segment ofthe zarqa RIver The purpose ofthe plpehne IS to aVOid mixIng ofwater mtended for
lITIgatIon usewrth watex flom saIme spnng mflows The downstream end ofthe plpelme WIll be
located at a site (the Abu Zelghan WeIr) at whtch essentIally all flow m the Zarqa RIVet: channel

- IS-currently dIVertedftom thenv-er (except durmg flood Renods). The project will affect the area
m whtch the PIPelIne IS constructed, the nver segment around -whtch the dIverSIOn occurs, a
segment ofthe river downstream ofthe dtverslOn.and an area that IS presently under rrngatton
The ZarqaJUver_segments affected-by-thC1>roJecl=are ptesenLly---affected-by-diversions, thus the
project will mvolve changes mthe nversegmentspectfic flow regunes assOCIated With the current
cliv-ersJQns Theproject does not JmT.olv.e dev.elopment ofaddItional lands for imgatlon.

9.4 1=C-onstruction-E-ffects

PFOposed Project

The propu-sed--plpelIne Wilfbe approXImately 3 7 kIn m length The-actual area reqUIred for
constmction~-be about 10m wide to allow for excavatloIl,- lay-down and backfill storage The
plpelme WIll follow the abandoned canal for the first 0 5~ wIncnwillresult m dIsruptIon of
cultivatedJand (vegetables) for about-O 1~ the remammg land adjacent to the canal m the
segment below the Hwaret WeIr was not under cultivation durmg wmter 1995-96 Tomatoes
were under cultivatIon Wlthm 20-40 m ofthe lIne ill tms area

In the next 1 4 Ian, the plpehne crosses the nver (a bndge Wtl1 hkely be requIred), and follows the
canal ahgnment The pipelIne ahgnment traverses cultivated land (vegetables) for about 0 8 kIn
of the 1 4 Ian The pipelIne passes Wlthm 100 m of one dwellmg (and Wlthtn 20 m of one
outbUIldIng housmg cows) and 30 m ofanother dwellmg along thIs segment Because the plpelme
WIll replace the abandoned canal, the area ofcultIvated land dtsturbed by constructlon m thIs area
will be reduced At the end of thIs segment, the plpehne passes WithIn about 30-50 m ofa CitruS
grove

The pIpelme dIverges from the canal ahgnment and follows along the west SIde ofan eXlstmg road
to the edge ofthe nver Just west of the Abu ZeIghan Bndge In the 0 7 k:m. to the edge ofthe
nver, the plpelme traverses cultivated land (vegetables and field crops)

After crossmg the nver (channel Width IS apprmamately 100 m), the pIpelme follows a farm road
at the foot ofthe hill on wrnch Abu Zelghan VIllage IS SItuated The road IS adjacent to vegetable
fields for approXImately 0 3 Ian and a CitruS grove for 0 2 Ian Four OCCUpied dwellmgs and a
mosque are on the hillSide above the farm road, WIthin 100 m of the pIpehne
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For the :final 0 4 k:m segment to the Abu Zelghan Werr the plpehne would be m the floodplam at
the foot ofa 10-20 m escarpment A CItruS grove and vegetable fields are located at the top of
the escarpment wrthm 100 m oftheproposed plpehne route The closest approach ofthe plpehne
to the known Bronze Age anttqultIes site near Abu Zeighan village IS approxunately 0 5 Ian.

The total area of cultIvated land that potenttally would be occupied dunng constructIon IS

approxunately 16 3 du that were under cultivatIOn for vegetables-and field crops-dunng-wmter
1996Jllld up to 0 6 du ofCltrus grove

DependIng on the tumng ofplpelme-construetron,-the area---ofvegetables- andiield crops-maybe
realtlvely unaffected Summer .constructton would avoid damage to seasonal crops Adverse

- constructIOn effects on the CItruS grove will be aVOIded or ll1l111II11Zed by altenng .constructton
practice and conductmg alliaydown and temporary storage ofexcavated matenals to areas at
either end ofthe segment passmgihe grove TIns would htmtthe-nnpact area-nrthe Width ofthe
trench adjaceD1!O-the xoad.. Loss=oI:trees, pro.ductlon~onrwhtch wouldTeqU1Te-a-number of
years to replace, -can-probably be aVOIded

Constructton will taIce place adjacent to exIstmg, paved roadways Dust effects from constructIon
traffic will be hnuted Dust generated dunng excavatton and backfillmg ofthe plpehne trench will
have tem.porary--effects--on--dwellings--nea:r-the-ahgnment About-slX-dwelhngs could-be affected
by dust IfconstructIon occurs dunng the-summer season (May-September), effects on crops will
bemmunaI as no vegetables will be under culttvatIon dunng that period At present, constroetlOn
has not been-scbediiled.

Operatton ofthe plpelme wrll reqUIre very httle land area An area approXImately 2 m m Width,
drrectly over the plpehne will be not be avaIlable for cultIvation Although N A dIscourages
plantmg of crops drrectly over buned plpehnes, thIs appears to be a common practtce m the
project area. In some areas crops are planted over the buned eXistIng plpehnes (ZC I and ZC ll),
however, where the exIsttng plpehne alIgnments are adjacent to roads, the edges ofplanted fields
are typically 3-5 m from the plpehne ahgnment Assummg that no plantmg will occur over the
booed hne, approXlIDately 3 8 du ofcultIvated land wtll be removed from future productIon The
canal presently occupies 2 7 du of land m cultIvated areas, therefore, the Proposed ActIon will
mvolve removal ofan adchtlonal 1 1 du from cultIvatIon

Canal-Pipeline CombmatlOn -lRR3b

Construction effects of thIs alternative will be essentIally the same as those descnbed for the
Proposed ActIon. The eXlstmg canal would be demohshed and a new canal reconstructed along
the ongmal alIgnment for approXlIDately 2 0 km The new canal would tenmnate at a pipehne
headworks The plpehne would branch from the eXistIng canal ahgnment and over the final 1 7 Ian
follow the route descnbed for the Proposed ActiOn The canal-pipehne alternatiVe will requrre
that more surface area be permanently removed from productiOn than the pipehne descnbed as
the Proposed Action Assummg that no plantmg will occur Wlthm one meter of the new, 20m
Wide canal, approXlIDately 5 6 du ofcultivated land Will be excluded from future productIon The
eXistIng canal presently occupies approXlIDately 2 7 du ofland m cultivated areas, therefore, tms
alternative would result m removal ofan additIOnal 2 9 du from productIOn
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OperatIon of the canal, rather than theproposed pIpebne, may mcrease the potential for
contammatIon oflITlgatIon water from lITlgatIon return flows or fertilizer and pestIcIde spills The
posItIon of the canal adjacent to eXlstmg roads also bnngs about the opportumty for
contannnanon from fuel spills {)fvehicle aCCIdents

Plpelme from the Thahab Weir to Abu Zelghan Canal- IRR1

The the proposed pipelme will be approXImately 6 6 kIn m length The actual area requIred for
constructIon will be about 10mWide to allow for excavatIon, lay-down and backfill storage The
-ptpelme will parallelihe-ahgnment forthe exIStIng ZC I and ZC nptp-elmes

, In the first 0 2 Ian, mstallatIon ofa new pipelme from the weIr to1he .settbng baSin and expansion
ofthe sett1mg basmwillbenecessary The area around the-basm has been strIpped to the subsoil
by preVIous constructton and-there IS suffiCient room to carry out the expansIOn WithIn the
dIsturbed area Without affectIng crops or natural vegetatIon There IS a small ohve grove (young
trees) on-the1liIfsiae south ofthe settling-basin, WIthin about 50 m ofthe basIn

There are approXImately 0 1 Ian ofcultIvated areas (omons) near the pIpebne ahgnment (whIch
IS along the nght, or north, bank) for the next 0 6 Ian A small ohve grove (mature trees) With
grape tre1hses along-the roadside occurs on-both SIdes ofthe-road forthe-o 1 km The sectIon of
grove on the north Side ofthe road contInues for another-O I-Ian There IS no cultivatIon for the
next 0 1 km to the first stream crOSSIng

The pipelme crosses the nver tWIce at a meander- m the channel m the next 0 4-1an There was
no cultivatIOn along thIs segment of the ptpebne -ahgnment CultIvation along the floodplam
terrace on theleff(south)bank IS supported-by a tap-on the ZC I hne between the-two crossmgs

For the next 1 1km the pipelme ahgnment IS adjacent to the paved road There are two cultIvated
areas (vegetables) alongsIde the road m this segment (0 6 km total) CultIvatIOn (field crops and
vegetables) also occurs on the OppOSIte bank ofthe nver, WithIn 100 m ofthe ahgnment, for about
o3 km along this segment

The plpelme branches offfrom the paved road and crosses the nver, passes through a culnvated
area (vegetables) and past SIX plastIc greenhouses for I 0 km Three dwelbngs are located on the
htllslde above the plpelme and WithIn 100 m ofthe proposed alIgnment m thIs area Tbts segment
ends at the edge ofthe nver at the crossmg pomt for the abandoned canal

In the next 1 3 km, the plpelme crosses the nver, passes Wlth.m 20 m of one dwellmg (and one
outbUlldmg housmg cows) and traverses cultIvated land (vegetables) for about 08 km of the
13 km

The plpehne dIverges from the canal ahgnment and follows along the west SIde ofan eXIstmg road
to the edge ofthe nver Just west of the Abu Zeighan Bndge In the 07 kIn to the edge ofthe
nver, the plpelme traverses cultIvated land (vegetables and field crops)

After crossmg the nver (channel wtdth IS approXImately 100 m), the pipelme follows a farm road
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at the foot ofthe hill on wluch Abu Zelghan village IS situated The road IS adjacent to vegetable
fields for apprmamately 0 3 Ian and a CitruS grove for 0 2 Ian Four OCCUPied dweIlmgs and a
mosque are on the hillSide above the farm road, WithIn 100 m ofthe plpehne

For the final 0 4 Ian segment to the Abu Zelghan Werr the plpelme would be m the floodplam at
the foot ofa 10-20 m escarpment A CItruS grove and vegetable fields are located at the top of
the escarpment Wltbm 100 m ofthe proposed plpehne route The closest approach ofthe plpehne
to the known Bronze Age antlqu1t1es srte near Abu Zelghan village IS approxunately 0 5 Ian.

The total area of cultIvated land that potenttally-would he OCCUPied dunng constructIOn IS

approXImately 22 6 du that were under cultivation for vegetables and .field crops dunng winter
- 1996, 0 3 du-ofolive grove and up to 0 6 du ofCitruS..grove

Dependmg on the tlmmg ofplpebne constructJ.on, the area ofvegetables and field crops may be
rea.l.t:J.ve1y unaffectecLSJJrnrner~constDlchon-woukbaVOld-damage~to seasonal-crops Consbucl:Ion
ofthe ptpehne will itkely InVolve removal ofsome trees m1he ohve grove Mitigation for thIs loss
willhe.requrred. AdYerse-constmcDon effects on the oliYe.and CItrusgroves WJ1l be avouied or
nUDlmlzed by aItermg constructJ.on practIce and conductmg alliaydown and temporaty storage
ofexcavated matenals m areas at either end ofthe s€!gment passmg the grove ThIs would lmut
the tmpact:::area-to-the-Wldth ofthe trench adJacent-toethe-road- Loss-of-trees,-productlOn from
which would require a number ofyears to replace, can probably be avorded mihe-crtrus grove

Construction-wdl take place adjacent to eXIStIng, paved roadways Dust effects from ronstructlOn
traffic W11l be hmtted- Dust generated dunng excavation-andbackfillmg ofthe pipehne trench W11l
have temporary effects on dwellings near the a1tgnment About rune dwelImgs could be affected
by-dust Ifconstruction occurs dunng the summer season (May-September), effects on crops will
be mmunal as no vegetables will be under cultIvatIon dunng that penod~ At present, constructIon
has not been scheduled

OperatIOn of the plpelme will requrre very httle land area beyond that OCCUpied by the settImg
basm (O 25 du) and the werr An area approxunately 2 m ill Width, drrectly over the plpelme will
be not be aVallable for cultIVatIOn Although N A discourages plantmg ofcrops drrectly over
buned pIpelmes, this appears to be a common practIce m the project area In some areas crops
are planted over the buned eXlstmg plpehnes (ZC I and ZC ll), however, where the eXlstmg
plpehne ahgrnnents are adjacent to roads, the edges ofplanted fields are typically 3-5 m from the
pIpelIne alIgnment Assummg that no plantmg WIll occur over the buned hne, approxunately
7 adu ofcultIvated land and 0 3 du ofolIve grove will be removed from future production The
canal presently occupies about 27 du ofland m cultIVated area, therefore, the proposed project
will mvolve removal ofan additIonal 1 1 du from cultIvation

9.4 2 Effects on Streamflow and Water QualIty

No-ActIOn Alternative

Presently (under the no-action alternative), flows ofup to 2 8 m3/s (maxtmum combmed flow for
ZC I and II) are diverted from the Zarqa at the Thahab Werr Flow m excess ofthe rrngatlon
requIrement for ZC I and IT 15 passed at the Thahab Werr and contmues downstream
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approxunately 9 9 Ian to the Abu Zelghan Werr where It 1S diverted, Vla Abu Zelglllm Canal, to
KAC The present diverSIOn affects the Zarqa RIver between the Thahab Werr and the Jordan
RIver (a distance ofapprmamately 27 Ian) Because water IS released from KIng TalalDam
(KID) to support lffigatlOn, flows m the Zarqa RIver rarely exceed the quantity requrred for the
nngatl<mdIversIons at Thahab and the Abu Zelghan Werrs Thus, exceptIng the dIverted saIme
spnng flows ofappro:xunately 80 Us, the present Sltuatlon mvolves dIversIOn ofVIrtually all flows
from the 17 Ian nver segment below the Abu Zelghan WeIr

The-nver segment from the Thahab Werr to the Abu Zelghan WeIr expenences very vanable
flows Based on the maxnnum lITlgatronTeqmrement forthe-KA.-C-s; the annual-range m average
monthly flows below the Thahab Werr IS from 160 Us to approXlffiately 1 6 nr/s With peak flows

• ofabout 2 5 m3/s (Harza, 1996) Natural flood flows are ru.gher, but occur mfrequentIy Low
flows often occur dunng penods of natural raInfall and there may be no release at the Thahab
WeIr for extended penods dunng1he wmter months Operation ofZC I and n may result m
chversIon oraIl flowreaching the Tbahab W:err exceptfor a~small overflow-from the-settImg-basm.
The settlmg basm overflow return channel enters the Zarqa about 2 3 Ian downstream of the
Thahab Wet4 thus the 23 kmreach below the Thahab Werr expenences complete dessIcation
from tlme to tlme The vegetatIOn m the reach between the Thahab Werr and the settImg basm
return IS typIcal of specIes adapted to penodically saturated condItIOns, bemg dommated by
oleander--and-tamariX-WIth scattered clumps ofcommon reed. The settImg-basm overflow IS on
the orderof 10-20 Us Thts-overflow appears to be suffiCIent to mamtam vegetatIOn reqwnng
more or less contmuously saturated substrates such as cattaIls, rushes and sedges, m the reach
downstream

The nver -segment from the Hwaret Werr to the Abu Zelghan Werr IS affected by year-round
spnng mfIows, some ofgeothermal ongm The mIXed inflow-from ~nngs m this segment hasa
htgh sa1uuty (BC ofapproxnnately 7-9 dS/m) Appreciable mflows begm to occur approXImately
1 3 Ian below the Hwaret Werr Total flow accumulatIon at the Abu Zelghan Werr IS 150-300Vs
from spnngs mthe segment below the Hwaret Werr Due to therr htghly salme nature, the spnngs
adversely affect water qualIty m the KAC dunng penods when flow below the Thabab Werr IS
relatively low

For several years, NAhas channehzed the streambed, dlVldmg It mto two separate channels, for
a dtstance ofapproxunately 2 4 kIn above the Abu Zelghan Welf Thts measure partIally separates
salIne spnng mflows from the fresh water flowmg downstream of KID Upstream of the
channehzed area, the sources ofsalme mfIow are too Widely dIspersed over the Width and length
ofthe channel to separate them from the freshwater flow Thus, the roam channel carnes a mIXed
salIne and freshwater flow to the entrance of the Abu Zelghan Canal The secondary channel
dtverts approxnnately 25-40% ofthe salme mfIow (about 80 Us) over the Abu Zelghan Werr to
contmue downstream

ChannehzatlOn of 2 4 km of the nver above the Abu Zelghan WeIr was done m response to
problems With salIruty m KAC that occurred dunng 1993 and 1994 Pnor to channehzatlon all
flow was dIverted to KAC at the Abu Zeighan Werr ChannehzatIon has had some unanticipated
negatIve benefits on water qualIty as a "new", relatIvely htgh-volume salme spnng developed m
the channelIzed reach m 1995 AdoptIOn of the no-actIon alternative would thus result m a
release of approXimately 80 Us ofsalme water nnmedrately below Abu Zelghan, assummg that
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the annual channehzation program IS contmued m the future Although channehzatlOn has had
a Imnted effect In unproVIng water quahty ofthe KAC-s, It would be expected to contmue under
the No-ActIon Alternatlve

DiversIOn at the Hwaret Weir

The-proposed project wouln mvolve a dIversJon at the-Hwaret WeIr The eXisting dIversIOn at
the Thahab WeIr would contlnue to operate The reach ofthe Zarqa RIver between the Thahab
Werr and the Hwaret WeIr would contlnue to expenence fluctuatlng flows WIth penods-ofhttle
or no flow dunng the WInter months, as would occur Ifthe no-actIon alternatnre-w-ere.adopted

- Zarqa-RIver between theJIwaretWeir and -the AbuZetghan War.

The 4:7-km reach ofthe Zarqa RIver between the Hwaret WeIr and the Abu ZeIgha.n-Weir will
be subject to desSlcaton ofthe streambed for approxunately 1 3-Ian-downstream This area-will
receIve mmunal flow from leakage at the Hwaret WeIr and OccasIOnal flood flows dunng wet
penods when the flow from w.adIs-exceeds the UJlgatJoo requrrementsforZC 1, ZC IT and the
KAC-s

The remamder-ofthe reach will receIVe mflow5 fr-om ~rings=and seeps The lD1Xed mflows are
predonunantly braclash m the-mesohaIme -range (BC 7~-dS/m) TIns equates to a reductIOn m
the present range m EC winch IS about 1 5-10 dS/m d~end1ng on the flow fromKlD whIch IS
passed tIrrough the reach. Because water onginatmg::at:=JcrD typically will notbe--PJ=esent m-tIns
reach.m large quan1:Itles compared to the mflows from spnngs, the water will be relatIvely free-of
bactena contammation and nutrients

Zarqa RIver between the Abu Zelghan W-eir and the Jordan River

Water entenng the channel between the Hwaret and the Abu Zelghan WeIrS from seeps and
spnngs will be passed over the Abu Zelghan WeIr and allowed to contmue downstream for
approxunately 17 Ian to the Jordan RIver TIns represents a net gam m flow of 70-220 Us
(dependIng on seasonal vanatlons in spnng flow and assummg that channehzatIOn contlnues) m
the reach downstream ofthe Abu Zelghan WeIr compared to the No-ActIon AlternatIve No
InformatIon on water qualIty m the reach below the Abu Zelghan WeIr was avaIlable, however,
some spnngs are known to occur along the nver channel below the Abu Zelghan WeIr Water
qualIty IS lIkely to be sImIlar to that In the reach above the weIr

Irngated Areas along the KAC-s

Changes m water quantity and water qualIty m the areas along the KAC-s depend on several
factors mcludmg the quantity ofhIgh qualIty water from the Yarmouk RIver that IS avaIlable to
the KAC-s The recently completed peace treaty With Israel mcreases the amount ofYarmouk
water potentIally available to Jordan by about 140 Mm3/yr The ultImate destmatlOn for thIs water
will be greater Amman, where water shortages are chrOnIC and the gap between mUnIcipal and
mdustnal water demand and water availabIlIty IS mcreasmg Demand projectIons developed by
Harza Group (Harza, 1995) mdIcate that the water supply shortfall for all uses will be 429 Mm3/yr
by the year 2000, even consldenng the peace treaty water nghts Thus, It IS unhkely that the
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supply ofYarmouk: water for 1ITlgatlOn will mcrease There may be an mcrease m supply dunng
the first year or two ofthe project, however, that will rapIdly be lost and only excess (flood) flows
will be avaIlable dunng wmter months m the future

The quanbty ofwater avaIlable mthe KAC-s would be expected to decrease somewhat due to the
bypassmg of 150-300 Us ofsalme waters, approXImately 70-220 Us ofwmch are now lTIlXed
WIth KID water pnor to diversIOn to the KAC-s However, smce the volume ofwater released
at KID 18 regulated to meet rrngation requIrements, It does not appear that there will be an
appreaable-change m water dehvery EC of-water m the KAC-s wtlllffiprove compared to that
wmch would-occur With the-No-Actlon Alternanve

~ To assess project effects onEC ill the KAC-s, five years ofmonthly average EC data (1991-1995)
were used to compute-monthly mixIng rabos for water-from the Zarqa RIver at Abu Zeighan With
water from the KAC-n (Yarmouk: RIver) The moong ratiOS (Annex 4) wereapphed to KID EC
data to obtam the monthly -average EC that would nave occurred m the KAC-s had the project
been operatmg Exlnbit 9 6 presents the annual average EC's and the average EGs for typIcal
wmter and summergrOWIngpenods

The results presented m ExhibIt 9 6 mdicate that dunng 1991 and 1992, the project would have
bad -lIttle effect on water quahty m the~K.AC-s In 1-994-and 1995, the project could have
produced agnculturally SIgmficant reductIonsm EC The mean reductIon1ll average annual EC
due to the project would have been 039 dSJm from 1991-1995 The project's potentIal effects
on:EC-m the KAC-s are controlled-bymteractin-s factors, however, the volumeofw.ater released
at KID has a substantIalmfIuence on the magmtude1)fchange observed Large volumes (greater
than 2-3 m3/s) ofKTD water1end to dilute the sahne-seepages to a pomt where they effect only
a small change m the EC, thus the project has httle effect Dunng penods when flows bypassed
at the Thahab W~Ir-are substanbally less than 2 m3/s, bypassmg the sahne spnngs will be very
effectIve atTeducmg EC m the KAC-s

Ifwater from the KAC-n IS not avatlable for rruxmg With Zarqa water, the Impact of the Proposed
Actlon on rrnganon water qualIty will depend solely on the quantity ofwater passed at the Thahab
WeIr Figure 6-1 ? illustrates tlus 1lllpact for a saIme spnng flow of 150-300 Us, sahne spnng EC
of8 dS/m and an EC for KTD water of1 88 dS/m (the average for September 1990 - September
1995, see Annex 4) At flows ofup to 1,400 Lis at the Thahab WeIr, the sahne spnngs could
reduce the SUItability ofwater for rrngabon to the "Severe Restnctlon" level At flows ofless than
1,600 Lis at the Thahab WeIr (the est1mated maxunum monthly 1ITlgatIon requIrement for the
18 Ian ExtensIOn), the sahne sprmgs cause apprecIable sallruty degradatIon ofwater delIvered to
the KAC-s In this case, the Proposed ActIon would produce a decrease m EC of 0 5-1 0 dS/m,
whIch would be eqUlvalent to a mInImum 7 5 percent mcrease mtomato productIon or a mmIffium
11 9 percent mcrease mCItruS (oranges) productIon (Ayer, 1985) Even at the project deSIgn flow
of4,500 Us, the decrease m EC IS greater than 03 dS/m

An additIonal effect of the project, not readily observed m the long-tenn average data presented
above 15 the ehmmatlOn of epIsodIC hIgh Salllllty events m the KAC-s For example, durmg
January 1994, the daily average EC m the KAC-s exceeded 30 dS/m on 9 of24 days on whIch
EC was measured (maximum> 7 7 dS/m dunng one two-day penod), however, the monthly
average for January 1994 was 2 11 dS/m Overall, dunng a two-year penod ofdally momtormg
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(Saturday-Thursday) from Apnl 1993 through March 1995, there were rune months dunng winch
daIly average EGs m the KAC-s exceeded 3 0 dS/m (31 days m 20 separate events) Events
occurred durmg summer (June -September), through autumn and WInter (October - early
February) m both 1993 and 1994, WIth most events occumng m 1994 Had the project been
operatIng, only two separate events totalhng 3 days oflngh sahmty would have occurred dunng
the two-yearpenod (m January-February 1994)

The occurrence oflngh sahmty events has senous unphcatIons for sensltlve vegetable crops, such
as strmg beans, carrots and omons Even a few days rrngatIon With very sahne water can result
m substanttally more damage (possibly total loss) than a long-tenn average for the growmg season

_ would suggest The project W1ll prove very effectIve m lmutmg the potential for damage due to
perroIDe lngh sahmty events

DdutlOn with salme sprmg water and assllDllatlOn m the reach between the Thahab Werr and the
Abu Ze1ghan Werr may reduce nutnent concentratlOns m water reachmg the KAC-s Operation
ofthe project mIght be expected result m somewhat Ingher concentr-atlOns ofammoma and mtrate
mKAC-s-waters compared-to the No-Action AlternatIve, however, observed changes in nutIients
mmcates that such effects may be seasonal and assuruIatIon IS not appr~le Some- small
assnrulatlOn or chIunon ofnutnentswI1I~e lost by dIvertIng water through the pIpelIne TIns IS
not necessanly a negative Impact as the nutnents m the water can reduce femhzer apphcatons
Water quahty data for two nngatton returns mthe central Jordan Valley areas served by2C I and
ZC II mmcates that fanners do not account for tlus nutnent enncbment oflITlgatlon-waterin--therr
fertIhzer-apphcanon (Umverslty ofJordan, 1995) FaIlure to accountfor=excess nutnents ill the
source water presently contnbutes to exceSSIve nutnent ennchment.in1he J.ordan RIver

Average concentratIons oftrace metals mthe water released at KTD were-found to be well WIthm
the suggested gUldelmes for rrnganon waters and not appreCIably chfferent from average
concentratIons m the KAC-n (Umverslty ofJordan, 1995) Project operatIon IS not expected to
affect trace metal concentratlOns

9.4 3 Groundwater

Due to ItS sahmty, groundwater m the project area IS generally unSUItable for for rrnganon,
domesnc or mdustnal uses Wells dnlled m the area had EC's rangmg from 8 to 15 dS/m The
groundwater IS under pressure, as evIdenced by the flOWIng sahne spnngs along the nver channel
between the Hwaret and the Abu ZeIghan Werrs Several sources have geothermal ongms Other
than pastorahsts who may make use of the less salme spnngs for watenng hvestock, there are no
known users ofgroundwater m the area that W1ll be affected by the project

The ma..Jor area of groundwater recharge IS located m the hIghlands The groundwater ill the
project area denves from sources that are spatIally and temporally separated from water flOWIng
from spnngs mthe Jordan Valley In addItIOn, water from test wells has generally been found to
be more salIne than spnng water flOWIng mto the Zarqa RIver channel Changes ill groundwater
qualIty are not expected as a result ofproJect operatIon

In the areas rrngated from the KAC-s, operatIon of the project will probably result m a small

9-13



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

decrease m sooty OflITlgatIOn return flows MOIlltormg ofretum flows m the central Jordan
Valley ill 1993-1994 illchcated that these flows typIcally have average sahmhes ill the range of3
6 dS/m Effects of return water on groundwater won't be apprecIable because groundwater
sooties are expected to be higher than the 3-6 dS/m observed ill return flows (Umversity pf
Jordan, 1995b) and apprecIable recharge probably IS not occurrmg

9.4.4 WIldlife and AquatIc Resources

The major Impact of project operahon will be deSSicatIOn of the streambed for some dIstance
downstreamfr-om the mtake structure for each conveyance-altemahve At-present, thenatural
npanan and streambed vegetanon mcludes plant specIes adapted to wet, or frequently wet

- conditions These are doniinated by, and sedges, rushes, common reed and cattalls ill the wet
areas of-the streambed -Oleander and tamanx are also present ill areas expenencillg OCCasIOnal
mnundahon.

DiversIOn at The-Hwaret Weir

The proposed project and the canal-pipelme aItemahve will dIvert water from approxunately
4 7 Ian ofriver channel between the Hwaret and the Abu Zelghan WeIrs Approxunately 1 3 km
can be-descn1>ed.:as-fr~water-habltat-and=the-remamder as_braclash The.n-eshwater habltat-will
be affected SIgnificantly by dessicahon, and appreCiable loss of emergent aquatIC vegetatIOn IS
expected. It IS hkely that plant SpecIes adapted to penodlc wet condthons, partIcularly oleander
and=tamanxwdIT~Iace the sedges-and cattaIls Common reed IS hk-ely to mcrease m abundance
andbecome.more Widely dlstnlmted because~t IS more tolerant oflIuctuahons m water level and
desslcahon

Structural dlverstty ofthe vegetation IS hkely to be reduced m the absence ofcontmuous flow ill
the reach. TIns will, ill turn, reduce the swtability ofthe streamside habitat for some brrd speCIes
(e g wadmg bIrds) However, the remammg tamanx and oleander will hkely offer acceptable
restmg habItat for mIgratory songbIrds and related speCIes

FIsh and aquatIc anunaIs mhabIhng the upstream segment ofthe reach will lIkely be lost from that
segment due to deSSicatIOn In the lower parts of the bracIash segment, swtable habItat will
remam for fish and aquatic illvertebrates AmphibIans are unlIkely to reproduce at the saIuntIes
found In the braclash segment AmphibIan populatIOns dependent on the freshwater reach for
reproductIon may be mamtamed through use oftemporary pools left after high flow events

Effects on the bracIash habItat will be less pronounced as mflow from saIme spnngs will be
mamtamed, however, transItIOnal freshwater-brac1a.sh habItat Will be lost and Sa1lllity will mcrease
and remam relahvely constant m remammg habItat Compared to present condItIOns,
channelIzatIon of2 4 km ofthe streambed will no longer occur and a more natural npanan and
aquahc commumty, adapted to bracIash condItIOns, may develop Oleander, because It IS both
salt tolerant and tOXlC to lIvestock IS 1Ik:ely to become more abundant

HabItat Downstream of the Abu ZeIghan Weir

Increased flow m the nver channel downstream of the Abu ZeIghan WeIr will result from
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ImplementatIon of the Proposed Actton or eIther feasIble alternatIve The mcrease m surface
water may proVIde Improved opportumty for use ofthIs reach by tranSIent shorebIrds, wading
bIrds and ducks The lack ofcover and level ofhuman actIVIty m thIs area will, however, hmtt ItS
Immediate attractIveness to many spectes HabItat for tnlgratOlY bIrds and other small wtldhfe will
probably mcrease over tIme With the mv.asIOn ofhalophytes such as oleander and common reed
that can take advantage ofthe avaI1ability of salme water

Use ofthIs stream segment by fish and aquatIc mvertebrates adapted to bracktsh condItIons IS
lIkely to mcrease InvasIOn ofspecIes from the Jordan River IS lIkely to occur and such specIes
are Wceiy-to become estabhshed over a penod of1Ime- There will be a large net mcrease m
aquatIc habItat m thIs area

Habitat In Irngated Areas

The project IS not expected to result m any changes ill habItat m rrngated areas Wtldhfe habitat
ill rrngated areas will be sltnllar to that found under the NO-ActIon AlternatIve

945 SUitability ofWater for Agriture and Other Uses

Bnder the no-actIOn-alternatIve, water ill the-KAC-s IS SUItable for trngated agnculture With
lTIoderate to severe restrIctIons due pnmanly to salmtty, chlonde and bactenal contamInatIon.
Sahmty will be vanable and may reach levels Implymg severe restnctIOn for agncultural use
(>3 0 dS/m)-for short penods oftune ColIform bactena contammatron IS frequently Neater than
1,000 MPN/l00 m1, whIch mdicates that water should be used only for crops that are cooked
completely before eatmg Adverse sahmty and chlonde conditIons result pnmanly from the
dIversIon ofwater from the ZarqaRiver Bacterial contannnatlon ofwater ill the KAC-n, whIle
lower than that ill the Zarqa, IS hIgh enough to restrIct rrngatIon only to crops that will be rooked
completely

Cultivated Areas

The proposed project and both feaSIble alternatIves will have IdentIcal effects on sahmty and
chlonde ill the KAC-s The average sahmty and average chlonde concentratIOns will be reduced
Bactenal contamInatIon levels will not change appreCIably The changes ill water qualIty are
expected to benefit-agncultwal users along the KAC-s (see Section 68)

Pastoral Uses

DIverSIon ofKTD water wIll result In reduced avaIlabIlIty ofwater for lIvestock use along the
nver channel between the Hwaret WeIr and the Abu Zeighan WeIr Avatlable water will denve
from salIne sprmgs an seeps ill the area downstream ofthe Hwaret WeIr Water With Eels ofless
than 5 dS/m are conSIdered lIvery satisfactorytt for lIvestock use With lIttle chance ofeconOmIC
loss or phySIolOgical dIsturbance ofthe ammals (Ayer, 1985) SalmttIes m the 5-8 dS/m range are
conSIdered "satisfactorytt for lIvestock use Water With htgher ECs (8-11 dS/m) IS SUItable for
tthmIted usett With dairy and beefcattle, sheep, SWIne and horses, but ItS use should be aVOIded for
pregnant or lactatIng arumalsl EC's above 16 dS/m are "not recommended" for hvestock The
groundwater data presented In SectIon 5 1 4 mdlcates that salme spnng InflowS could have EC's

9-15



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

on the order of5-10 dS/m DaIly momtonng at the Abu Zeighan Welf reported a maxnnum EC
of8 7 dS/m With most readmgs dunng penods when essentIally no water was bemg passed at the
Thahab Welf of8 0 dS/m or less durmg Apnl1993 - March 1995 It IS bkely that EC's m durmg
project operatlon will be mthe "satisfactory" range for hvestock use Livestock use ofthe Zarqa
River channel between the Hwaret and Abu Zeighan will not be precluded by dIverslOn ofKlD
water

Water from the spnngs will be relattvely uncontarntnatecLby cohformbactena as compared to
KID water Although there IS no mfonnatlon avaIlable on the mClrlence ofwater-bome diseases
amonghvestock:, tlus may prove-beneficral-as-nvestock will be less exposed to potentIal dIsease
orgamsms

The channel downstream of the Abu Ze1ghan Welf had, for a number ofyears,- recerved only
ocCaslOnal flow from upstream dunng lngh flow penods The channehzanon ofthe Zarqa to
dIvert salme mflows over the werr proVIdes a supplementary water source for use by grazIDg
hvestock m the streambed downstream of Abu Zeighan. The qualtty of tins water should be
smnlar to that up.stream and 18 expected to be IIsatIsfactory" for hvestock use Because the
channehzed condItIon 18 conSIdered representative ofthe No-Action Alternative, the Proposed
Act10n and feasible alternatIves will not affect suItability ofwater for downstream uses, however,
the-quantlty ofwater avadable wtllUlGfease.

Other Uses

Zarqa River water IS used for washIng clotlung, wool, agricultural equIpment-and velncles and
gravel mmed mand adjacent to the channel The level ofsahmty mthe spnng water-IS not Itkely
to preclude any of those uses In fact, reduced contammatlon from fecal cohform bactena IS

expected to occur, thus the qualtty ofthe water for any actIVIties mvolvmg human contact will
lIDprove from the human health standpornt

9.4 6 Mamtammg ProductIvIty ofAffected Lands

Sahmty bUIldup m sods undergomg lITIgation IS a concern where the source water has a relatively
lngh saltmty, evapotransplfatlon rates are htgh and ramfallis scarce IVA has unpubhshed data
for the central Jordan Valley that have mrncated some sahruty bUIld-up m soils lfflgated With water
from KID dunng dry years Dunng years With ample ramfalliocally, or avaIlability of excess
water from KAC-n, It has been pOSSible to conduct leachrng and to mamtam soil productIVIty
(Rassem Anshasl, IVA, Water QualIty Laboratory, Personal commumcatlOn)

By VIrtue ofredUCIng sahruty mwater dehvered to the areas rrngated from the KAC-s, the project
will shghtly reduce salrnIty buildup rn soIls rn the affected area

9 4,7 AntIqUItIes

There are several eVIdent rums mthe general VICIDlty of the project, however, there are no known
resources In the pIpelme comdor ConstructIOn ofboth the abandoned canal rn the 1960's and
the ZC II pIpehne along a substantIal portIOn ofthe proposed pIpehne alIgnment dunng the nud
1980's dId not result In known dIsruptIOn of antIqUItIes ThIs suggests that potential effects on
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antIqUIties m the project area are not hkely to be sigruficant The Amencan Center for Onental
StudIes (ACOR) has mdIcated that they have no knowledge of unportant antiqUities m the
comdor area, although there IS a potentlal site on the hillside east ofAbu Zelghan village ACOR
has recommended a reconruusance ofthe Zarqa RIver and pIpehne ahgrunent to determme whether
antiqUities are ltkely to be affected by the project

AntiqUIties are protected under Jordaruan Law Fatlure to report the dIscovery ofsites -andlor
fatlure to turn cultural artIfacts over to the Department ofAntIqUItIes carry penaltIes ofboth fines
and unpnsonment ReportIng the dtscovery ofantIqUitIes IS a general proVISIon ofconstructIon
contracts m Jordan

- 9.4.8 Human Population

Employment

Effects ofthe proposed-project on the employment sector are dtfficult to assess In general, gtven
the large vanatlons mthe tata1number ofdUDums under cu11lvatlOn from year toy~ 1118 likely
that effects mcreased agncu1tural productIon resultIng from unproved water qualtty will be
masked by annual changes mthe area ofland under productIon In general, the project will have
the greatest-poSItIve-eft"ect-on productIon dunng dry years, when the ar-ea cropped may be
reduced, and--a small effect on productIon--durmg wet years, when a larger area IS hkely to be
under cultivatIon QualItatIvely, It appears that the project may mcrease stability m the year to
yeardemand for casuallabor

Dunng the constructiOn penoel, there will be a requIrement for a modest number of-laborers If
construction IS undertaken durmg the summer months, when demand for casual farm labor IS
lower, the project will have a short-term benefit m the Derr AlIa area

Human Health

The effects ofwater development projects on the mCIdence ofwater-bome dtseases IS often a
concem The proposed project IS not expected affect the mCIdence ofmalana and bIlharzIa both
because new rrngatIon areas will be not be developed and because malana and btlharzta are
relatIvely rare mJordan ReductIon ofcolrform bactena m the Zarqa channel IS hkelyas a result
of the dIverSIOn ThIs should reduce the nsk of dIarrhea and water contact related health
problems for that portIon ofthe populatIon that uses the nver for washmg ofc1othmg, eqUipment
and hvestock

The only known use ofthe channel for personal bathmg occurs at flowmg, geothermal spnngs
between Hwaret and the Abu Zeighan WeIrs Man Spnng and Woman Spnng, so-called, are used
as bathmg areas The use of spnngs for bathmg probably poses lIttle health nsk dunng normal
flow condItIOns because the spnng water does not have bactenal contarrnnatIOn and the spnngs
are Isolated from the mam channel flow

9.5 Recommended MItIgatIOn Measures
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9 5 1 ConstructIOn Impacts

Disruption of Cultivated Areas

Construction unpacts on cultivation can be reduced by tmnng construcbon to occur dunng a
penod-when httle or no cultlvatlon IS ongomg m the VlClnlty ofthe plpelme alIgnment The best
ttme penod for tlus would appear to be June through September Conclusion of constructlon
actlv1tles as late as December would stl11 allow a full growmg penod for some WInter crops and
would present mmunal dIsruption ofcultivatIon practlces m the pr-oJect constructIon area

Dust generatIon by constructIon acbVItles will probably be worst durmg the summer months due
- to dry, sunny condItions However, due to the reduced level ofvegetable cultIvation dunng

mIdsummer, there will be httle lffipact-on vegetable crops

Although It18 mtended that constructIon be completed WIthout removmg any mature fruIt trees,
It 18 poSSIble that the final alIgnment ofthe plpehne will pass through an orchard or grove In such
cas~ compensatIOn for lost productJOD should be pmvided to the affected f$lnner Such
compensatIon should Ideally replace the lost trees and prOVIde a subSidy or payment for lost
productIon untll replacement trees are beanng at full productIon

ACCIdental fuel spills assoCIated With constructIon actIVItIes can-damage cultIvated areas and cause
Slgru.ficant and lastIng harm to aquatIc Me and npanan vegetatIon. Fuel storage -and fuehng areas,
Ifany arerequrred, "Should he located away fr-om cultIvmed areas-=and away from ar~hat dram
mto cultIvated areas or the stream channel TIns 15 partIcular!)' important WIth respect to assunng
contInumg use ofthe stream as a source ofwater for rrngatton-amf=fivestock durmg construction
The constructIon contractor shoulnbe responsIble for proVidIng spill cleanup matenaIs on-SIte and
properlY remOVIng and dIsposmg ofany spilled materials promptly

Dwellings

Dust will affect dweIhngs mthe constructIon area, however, the effects will be short-hved and the
number ofdwellmgs IS small Excavated matenals Wlthm 50 m ofInhabited dwellings should be
covered to reduce heavy dust depOSItIon

Stream Channel ConstructIOn

ExcavatIOn of the streambed for rehabIhtatlOn of the Hwaret WeIr and for buned pipelme
crossmgs should be conducted when flows can be controlled Tlus will aVOId the pOSSIbility of
washouts due to unantIcIpated hrgh flows Measures to prevent slltatIOn of the streambed
downstream ofcrossmg SItes will also be more effectIve Ifflows can be mamtamed at a low level
when the streambed IS berng trenched The best penod for tlus actIVIty appears to be June through
September Irnganon demands are partIcularly low dunng July and August, thus flows could be
reduced to low levels wlule constructIOn IS underway ExcavatIOn ofthe streambed should be
aVOIded between the months ofOctober and March

Matenals for cofferdams to protect ongomg work m the channel should be thoroughly washed
to remove silt and fines pnor to mstallatIOn Sump pumps should not discharge dIrectly mto the
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stream but should dIscharge to a detentIon facthty to allow mud and silt to settle out before water
IS returned to the stream.

AntIqUities

Not later than the Filla! DeSign Phase of the project and pnor to any COnstructIOn, an
archaeolOgIcal reconruussance should be undertaken along the proposed ahgnment ofthe plpelme
The purpose ofthe archaeolOgIcal reconnalSsance will-heto IdentIfy areas where cultural remams
are, or may be present The reconnatsance will report on any areas along the proposed route
where remams-are-such1har-

• conslderatron shouldbe gIven to chang,nZ the route,
• ITthe route can not be changed, then nutlgatlon-m the form ofan archaeolOgical

excavatlon will be conducted pnor to construction, or
• an archaeologISt should be present dunng construct1on m areas where rernams may occur

but the need for archaeologtcal preservatlonlexcavatlon can not be estabhshed unttl
constmc1:JoD excava1:lonlS underway_

9:S-2 DiversIOn OF KTD Water from the River Channel

DiverSIon of-water from the river channel will affect npanaIl vegetatlon that represents-valuable
wtldhfe habitat, use-ofnver water for lfflgatlOn m the-nver .segment between the Hwaret Werr,
and=potentlal use ofthe channel as a source ofwater foclnr-.estock The most SUItable form of
mingatlOn for these effects-would be to prOVIde a nunimum-flowrelease to the channel Tlns
release should be mamtamed at a level suniIar to that proVIded by the-setthng basm overflow at
the Thahab Werr ThIs quantIty offlow IS oftenihe only flow below the Thahab Weir dunng the
WInter months and It apparently IS suffiCIent to mamtam emergent vegetatlon ill the channel Tlns
measure would mamtam vegetatIon dtverslty and wtldhfe habitat qualIty at satIsfactory levels A
small mtmmum release would also proVIde enough water for extstlng lfflgatIon Withdrawals along
the left bank: downstream ofthe Hwaret Werr and proVIde a source ofwater for hvestock use m
13 Ian ofstream channel below the Hwaret Werr The mmnnum flow would also proVIde a small
reduction ill EC ofthe salIne spnng water flowmg ill
requrrement, wlnch IS esttmated at 1,100 Us or 35 Mm3/yr

96 Momtonng

Water quahty momtonng of the Zarqa RIver and KAC IS mstltutlOnahzed m the N A Four
measurements ofa hmtted set ofparameters (BC, temperature, pH) are obtamed each month from
a number ofSites Water samples are collected serm-annually (Apnl and October) for analySiS for
major catIons and amons, nutnents and selected metals TIns program should be contmued With
additIOn ofparameters to address effects ofproJect operatIOn Momtonng ofdissolved oxygen
and total and fecal coliform bactena should be mcorporated mto the monthly momtonng program
for the Zarqa RIver One additIOnal momtonng statIOn should be added to those presently
momtored to assess the qUalIty of water ill the nver downstream of the Abu Zeighan Werr
Momtonng conducted m the VlClIDty of the Yarmouk-Dead Sea Road bndge over the Zarqa
would proVIde such Information
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To detennme whether the expected econonnc benefits are realIzed from the project, an econonnc
survey program should be estabhshed m the 18 Ian ExtenSIOn Project area The methodology
should be sumlar to that used by the Uruversity ofJordan for the lITlgatIOn management study of
the central Jordan Valley A survey conducted pnor to project ImplementatIOn, followed by a
survey one to two years after project completIon would be appropnate
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Chapter 10

PROJECT IMPLEMENTATION AND CONSTRUCTION

It IS the mtentIon of the NAto unplement the project as soon as feasIble, preferably by the
mIddle of 1997 so that better qUalIty water wIll become durmg the penod when SIgnIficant
dIverSIons wIll be made from the KAC for supply to Amman Followmg thIS feasIbrlIty report
and prelunmary deSIgn, the major steps for the Implementanon of the project wIll mclude'

1 Fundmg
2 FIlla! deSIgn
3 PrequalIficatIon of contractors
4 PreparatroIrof contract documents
5 Bid-preparanon
6 Contract award
7 Order and furmsh pIpe and accessones
8 ConstructIon act1VI11es

It IS expected that the prequahficanon actIVItIes, excludIng the furmshIng of the pIpe will take
aboutfive to SIX months Dunng tills penod, It IS necessary to secure-the fundIng for the project
and to order the pIpe The proVISion ofthe-pipe, whether from theUSA, southern Europe, or the
Far East, IS on the cnncal path The constructIon should be completed m about SIX or .8eyen
months A schedule for the ImplementatIon ofthe project IS shown on Exhtbit 10 1

10.1 Project Orgamzatlon

The NAhas suffiCient expenence to be able to admtnlster the constructiOn of the project A
consultant will be requlfed for the final deSign, preparatiOn of contract documents and other
processes leadIng to the selectIon ofa contractor Because ofrelanvely small SIZe ofthe project,
It IS expected that a local contractor will construct the project OperatiOn and mamtenance of the
project can also be perfonned by the N A staff The team that currently takes care ofZCI and
zcn can also be responsIble for tills project With the addItIon of several people

10.2 PreconstructIOn Activities

The tnltIal steps for project unplementatlon will be the final dISCUSSion and financmg negotIatiOns
by the N A It is expected that the N A will secure the funds from a donor country at favorable
rates The deSign must be started munedIately after subffilssion of the feasIbility report The
deSIgn phase of the project may requlfe hnuted detatled topographIc survey at the locatiOns of
some structures and dwellIngs at the welf Site Also some modIficatiOn In the altgnment of the
plpelme, espeCIally at the bndge croSSIng may be needed The N A will have to order the pipe
as soon as fundIng IS secured Tills WIll perrmt the constructiOn ofthe project WithIn the tlme
constramts estabhshed above
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103 Construction ActivIties

The major components of the project are

1 WeIr
2 Intake
3 Desandmg basm
4 Plpelme
5 Outlet works

The plan for control ofthe nver dunng constructIon has been descnbed m Chapter 5 as requIred
- by the scoQe of work. The nght side of the eXIstIng weIr will be removed and.the new weIr

constructed behInd the first stage ofthe cofferdam The left sIde ofthe weIr will be removed and
replaced and the mtake constructed behmd the second stage cofferdam. The desandmg basm,
ptpeIme, nver crossmgs, and outlet facilities all can be constructed at the same tIme Delays may
occur dunng the ramy season between Janumy and Apnl, however, they are not expected to be
significant because the KTR effectIvely controls floods up to aretummterval of100 years.. The
mtervening area IS too small, With low ramfa1I, to cause any floodmg
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EXHIBIT 1 3

HISTORICAL MONTHLY STREAMFLOW (CMS)
ZARQA RIVER AT KTO

PERIOD WY 1954-1994

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

1954 1 90 216 1 94 243 488 269 1 77 1 94 1 89 1 57 1 57 177 221
1955 1 83 1 89 261 217 1 57 1 49 1 31 1.23 ~0..96 078 075 0..96 146
1956 1 27 367 291 220 1 52 213 204 1 57 1 35 1 27 1 19 1 12 1 85
1957 1 23 1 16 243 228 889 672 1 97 209 177 1 46 13B 1 35 2.73
1958 1 49 1 85 217 269 827 1 61 1 62 1 49 1 27 1 08 1 08 1 23 215
1959 1 27 1 23 127 493 322 325 1 12 1 12 096 1 01 093 1 04 1 78
1960 1 08 1 12 142 1 72 1 28 1 27 1 04 056 050 041 078 081 1 00
1961 078 1 12 149 362 500 157 1 81 1 g8 039 067 o71 069 1 60
1962 1 as 1 81 635 441 616 1 90 093 090 096 1 08 1 31 1 43 236
1963 127 1 31 175 172 8.23 1 64 1 43 452 1 12 1 as 1 08 1 08 218
1964 210 252 755 383 669 434 1 86 1 11 1 09 074 073 081 278
1965 1 85 1 22 6 05 941 627 330 515 283 236 1 56 1 62 219 365
1966 1 16 054 071 072 075 938 1 40 1 06 1 00 083 080 087 1 60
1967 1 01 143 2-69 549 3~89 310 1 81 1 12 1 04 093 093 1 08 204

1968 1 01 093 392 754 483 317 216 1 46 1 23 093 093 081 241

1969 1 16 232 1 91 310 330 1330 314 223 1 58 1 25 099 1 28 296
1970 1 50 1 60 1 61 282 20-S 370 1 79 1 52 144 1 23 1 94 212 1 94

1971 12S- 1 37 1 64 257 1 46 1 73 11 82 055 037 032 028 042 1 98

1972 082 1 08 360 1 90 259 225 215 051 031 037 053 053 1 39

1973 052 1 20 075 2 00 1 17 1 56 063 064 069 062 054 046 090

1974 048 1 50 1 09 21 28 12 07 578 369 1 99 1 23 095 077 078 430

1975 058 1 22 1 69 1 46 473 223 344 053 035 030 032 034 1 43

1976 034 086 1 28 1 61 1 80 592 075 068 055 052 047 042 1 27

1977 053 074 087 1 55 1 55 1 29 098 047 027 022 030 031 076

1978 1 36 066 2 03 2 00 1 as 1 90 073 037 010 012 016 018 089

1979 028 041 1 16 1 01 066 090 049 a 11 007 010 038 033 049

1980 1 97 1796 968 5 11 459 13 05 343 1 90 1 19 082 a 71 077 5 10

1981 080 1 04 11 54 277 4 08 323 1 86 1 15 081 074 093 093 249

1982 090 1 15 1 09 1 55 442 212 574 397 094 092 1 09 074 205

1983 1 26 1 85 1 46 4 04 718 11 17 336 272 1 59 1 54 092 1 06 3 18

1984 1 24 328 1 57 283 241 375 203 1 59 1 27 1 09 1 03 093 1 92

1985 1 54 351 334 1 19 1035 352 1 92 1 10 a 50 041 040 068 237

1986 081 098 1 32 1 83 299 1 36 1 74 1 02 084 089 079 096 1 29

1987 1 10 871 1 84 279 1 71 1 40 a 71 076 076 077 o 71 077 1 84

1988 696 1 32 221 436 1548 789 2 04 1 65 1 25 1 12 1 23 1 55 392

1989 1 44 1 51 647 259 2 11 253 1 62 1 42 1 28 117 1 26 1 36 2 06

1990 1 31 217 287 307 335 3 06 223 1 52 1 28 1 40 1 39 1 28 2 08

1991 1 37 1 52 1 65 324 3 05 389 1 68 1 58 1 36 1 16 1 18 1 20 1 91

1992 1 30 1 65 1371 985 3029 11 73 628 412 360 277 264 256 754

1993 262 347 593 590 540 432 368 355 363 210 216 212 374

1994 223 326 293 413 388 344 225 1 90 1 73 1 39 1 59 1 46 252

AVG 1 37 220 3 18 370 5 00 4 01 238 1 56 1 14 097 099 1 04 230
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EXHIBIT 14

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 011 012 011 011 025 015 008 007 008 0-07 007 008 011
1955 011 012 015 .0 11 Q.DB -0.07 008 007 004 004 :0.04 004 008
1956 007 019 015 all 008 011 012 007 008 007 007 1) 08 010
1957 007 008 all all 045 037 012 011 008 007 1)07 008 014
1958 007 oocr 011 015 045 007 008 OOT 008 007 0.07 11.:0.8 012
1959 007 008 007 026 017 019 008 007 004 004 004 .0.04 010
1960 007 008 007 007 008 0.07 004 004 004 004 004 004- 006
1961 004 008 007 019 025 007 008 0.fi7 -0 c04- 004 004 004 008
1962 004 008 034 022 033 011 004 004 004 007 007 008 012
1.963 0-07 o.oa Q.D7 l1.O7 OA5 0-07 o..na Q.22. :0.08- -D.D4 .:0...04 .Q.04 0.11
1964 012 014 043 022 038 025 010 0.06 D 06 004 004 005 016
1965 010 007 034 053 036 01.9 029 016 013 009- 009 012.- .021
1966 o{)7 003 004- 004 0--04 053 008 006 0.06 0-05- 004 O-OS 0--09
1967 004 008 015 030 021 015 008 007 004 004 004 004 010
1968 004 004 022 041 024 015 012 007 0..08 -004 004- -0-04 012
19£9 0.07 0.13 011 01.8 0."9 076 018 01.3 o-og D07 D06 007 017
1970 009 009 009 016 -012 021 010 0..09 008 007 011 012 011
1971 007 008 009 015 008 01.0 067 003 002 002 001 002 011
1972 005 006 021 011 015 013 012 003 {) 02 002 003 003 008
1973 003 007 004 012 007 009 003 004 Q 04 003 003 003 005
1974 003 008 006 1 21 069 0-:33 021 011 007 005 004 005 024
1975 003 007 010 008 027 013 020 003 002 002 002 002 008
1976 002 005 007 009 010 034 004 004 003 003 003 002 007
1977 003 004 005 009 009 009 005 003 001 001 001 002 004
1978 008 003 015 015 007 018 a as 002 000 001 001 001 006
1979 002 003 010 010 004 005 002 001 001 001 a 01 001 003
1980 039 1 13 1 03 040 024 077 010 007 007 006 006 005 036
1981 004 005 079 014 023 016 010 006 a as a as 006 005 015
1982 006 007 007 008 024 015 051 033 005 004 004 004 014
1983 006 009 009 029 048 064 016 014 014 011 013 013 021
1984 009 010 009 014 o 11 018 010 009 007 005 006 007 010
1985 all 025 024 009 074 025 014 008 003 003 003 005 017
1986 005 007 o 11 012 015 014 008 005 003 003 003 003 007
1987 006 010 016 018 021 019 012 007 005 004 004 005 011
1988 014 022 034 038 044 041 025 015 010 009 009 010 022
1989 007 012 a 18 020 024 022 013 008 005 005 005 005 012
1990 007 012 a 18 020 024 022 a 13 008 005 005 005 005 012
1991 007 o 11 017 018 022 020 012 007 005 004 004 005 all
1992 026 042 064 072 083 079 047 029 019 017 017 018 043
1993 o 13 021 032 036 043 040 023 015 010 008 009 009 022
1994 009 014 022 024 029 027 016 010 007 006 006 006 015

AVG 008 a 13 020 022 026 024 014 009 006 a as a as 006 013
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EXHIBIT 1 5

HISTORICAL MONTHLY INTERVENING FLOW (CMS)
KTD TO THAHAB WEIR

PERIOD WY 1954-1994

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

1954 008 008 008 008 017 010 005 005 005 005 005 005 008
1955 008 008 010 008 006 005 005 005 003 003 003 003 006
1956 005 014 010 008 006 008 008 005 005 005 005 -0 OS- 007
1957 005 005 008 008 032 026 008 008 005 005 005 005 010
1958 005 005 008 010 032 005 005 005 {) 05 005 0~05 005 0.08
1959 005 005 005 018 0_12 013 005 005 003 003 003 003 007
1960 005 005 0..05 005 006 005 003 003 003 003 003 003 004
1961 003 005 005 013 017 005 005 005 003 003 003 003 006
1962 003 005 024 016 023 008 003 003 003 005 005 005 009
1963 005 005 005 a as 032 OOS 005 016 005 003 003 003 008
1964 008 010 030 015 027 017 007 004 0-04 n-o'3 n03 003 011
1965 007 005 024 037 025 013 021 011 009 006 007 009 014
1966 005 002 003 003 003 037 006 004 0.04 003 003 004 006
1967 003 005 010 021 014 010 005 005 003 003 003 003 007
1968 003 003 016 029 017 010 008 005 005 -0 -03 003 003 009
1969 005 009 008 012 013 053 012 009 006 .005_ -004- 0.05 012
1970 006 006 on6 all 008 015 007 0-06 0..06 -0:05 008 008 008
1971 005 005 007 010 006 007 047 002 002 001 001 002 008

1972 003 004 014 008 010 009 009 002 001 002 002 {) 02 006
1973 002 005 003 008 005 006 002 003 003 0-02 002 002 004
1974 002 006 004 085 048 023 015 008 005 004 0-03 003 017
1975 002 005 007 006 019 009 014 002 0-01 001 001 001 006
1976 001 004 005 006 007 024 003 003 002 002 002 002 005
1977 002 003 003 006 006 Q 06 004 002 001 001 001 001 003
1978 005 002 010 a 11 005 013 003 002 000 001 o 01 001 004
1979 001 002 007 007 003 003 001 001 001 001 001 001 002
1980 027 079 072 028 017 054 007 005 005 004 004 004 025
1981 003 004 055 010 016 all 007 004 003 004 004 004 a 10
1982 004 005 a as 006 017 o 10 035 023 004 003 003 003 010
1983 004 006 006 020 034 045 all 010 010 008 009 009 014
1984 006 007 007 010 008 012 007 007 a as 004 004 005 007
1985 008 018 017 006 052 018 o 10 005 002 002 002 004 012
1986 003 005 008 009 010 010 006 004 002 002 002 002 005
1987 005 007 011 012 015 014 008 005 003 003 003 003 007
1988 010 015 024 026 031 029 017 a 11 007 006 006 007 016
1989 005 008 013 014 017 015 009 006 004 003 003 004 008
1990 005 008 013 014 017 a 15 009 006 004 003 003 004 008
1991 005 007 012 013 015 o 14 008 005 003 003 003 003 008
1992 018 029 045 a 50 058 055 033 020 013 012 o 12 013 030
1993 009 o 15 023 025 030 028 016 010 007 006 006 007 015
1994 006 010 a 15 017 020 019 a 11 007 005 004 004 004 010

AVG 006 009 o 14 a 15 a 18 017 010 006 004 004 004 004 009
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EXHIBIT 1 6

HISTORICAL MONTHLY INTERVENING FLOW (CMS)
KTO TO HWARET WEIR

PERIOD WY 1954-1994

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

1954 010 011 010 010 023 014 007 007 007 007 007 007 010
1955 0,0 011 014 010 008 007 007 007 004 003 003 004 007
1956 _ON 01'8 014 010 007 010 all 007 007 007 007 007 009
1957 007 007 010 0.10 043 035 011 010 007 007 007 007 014
1958 007 007 010 014 043 0..07 007 007 007 007 007 007 011
1959 007 007 007 024 015 017 007 007 004 003 003 004 009
1960 007 007 t) 07 007 007 007 004 003 004 003 003 004 005
1961 003 007 007 017 023 Oll7 007 007 004 003 003 004 008
1962 0-03 007 031 021 031 010 004 003 004 007 007 007 o 11
1963 007 007 0"07 007 043 007 007 021 007 003 003 004 010
t964 011 '01-S- 1)"4'0 O-W '0$ 023 010 006 006 004 004 004 015
1965 010 006 032 050 033 017 027 015 012 008 009 012 019
1966 006 {l03 004 0--04 -004 0..50- 008 006 005 005 004 005 009
1967 003 007 014 028 019 014 007 007 004 003 003 004 010
1968 003 004 021 038 022 014 011 007 007 003 003 004 012
1-969 O.!l6- _'0.12_ -O_tO o H5 017 071 017 012 008 0_07 005 007 016
1970 008 009 008 015 011 0.20 009 008 008 007 010 all 010
1971 0.07 007 0-09 014 008 009 063 003 Q 02 002 001 002 a 11
1972 005 006 019 010 014 012 012 003 002 002 {) 03 003 0.07
1973 003 Q 06 004 all 006 008 003 003 004 003 003 003 005
1974 -0.02 008 006 1 13 064 031 019 010 006 005 004 004 023
1975 003 006 009 008 025 012 018 003 002 002 002 002 008
1976 002 005 007 008 010 031 004 003 003 003 002 002 007
1977 003 004 005 008 008 008 a as 003 001 001 001 002 004
1978 007 003 014 014 007 017 004 002 000 001 001 001 006
1979 002 003 009 009 004 005 002 001 001 001 001 001 003
1980 037 1 06 096 037 023 072 009 006 006 006 005 005 034
1981 003 005 074 013 021 015 009 006 004 005 006 005 014
1982 005 006 006 008 022 014 047 031 005 004 004 004 o 13
1983 006 008 008 027 045 060 015 013 013 010 013 012 019
1984 008 010 009 013 a 10 016 009 009 006 005 006 006 009
1985 010 024 022 008 070 024 013 007 003 003 003 005 016
1986 004 007 010 012 014 a 13 008 005 003 003 003 003 007
1987 006 010 015 017 020 018 a 11 007 004 004 004 004 o 10
1988 013 021 032 035 041 039 023 014 009 008 009 009 021
1989 007 a 11 017 019 023 021 012 008 005 004 005 005 a 11
1990 007 all 017 019 023 021 012 008 005 004 a as 005 o 11
1991 006 010 015 017 021 019 o 11 007 005 004 004 004 010
1992 024 039 060 067 078 073 044 027 o 18 016 016 017 040
1993 o 12 020 030 034 041 037 022 014 009 008 008 009 020
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DATA FROM VERTICAL PROFILE OF PIPELINE

Dlst

Along Hydraulic
Pipe Ground Pipe Grade Bend Bend Excava Trench Trench

Align Elev Elev Lme loc Angle Depth Area Vol
(m) (m) (m) (m) (m) (G) {m) (m2) {m3}

0 -1-850 -1860 -1840 1-0 33 94
20 -184 5 -1862 -1841 17 61 60
28 -1840 -1863 -1842 23 89 110
40 -1840 -1864 -184.2- 24 9-4 42
45 -1845 -1864 -1843 1 9 72 53
55 -1855 -1865 -1843 1 0 33 70
70 -1850 -1866 -1844 1 6 60 51
n -1845 -1867 -1-845 22 86 62
84 -1845 -1868 -1"84-5 23 9-0 36
88 -1845 -1868 -1845 23 91 130

100 -1840 -1869 -1-84=6 29 125 90
108 -1845 -1870 -1847 2.--5- 101 72
116 -1850 -1871 -1847 21 79 144
13.6 -1855 -1873 -1848 1 8 64 94-
150 -1855 -l8r4 -r8~9 19 70 61
160 -1860 -1875 -185.0 1 5 52 17
164 -1865 -1875 -1850 10 33 18
168 -1860 -1875 -1850 1S 55 69
180 -1860 -1877 -1851 1 7 60 20
184 -1865 -1877 -1851 1 2 41 70
200 -1865 -1878 -1852 1 3 47 23
206 -1870 -1879 -1853 09 29 32
220 -1875 -1880 -1853 05 1 6 26
234 -1875 -1882 -1854 07 21 59
258 -1875 -1884 -1856 09 28 18
264 -1875 -1884 -1856 09 31 99
292 -1875 -1887 -1858 1 2 4 1 13
296 -1880 -1887 -1858 07 23 9
300 -1880 -1888 -1858 08 24 96
332 -1880 -1891 -1860 1 1 35 329
400 -1880 -1897 -1864 412 11 1/4 1 7 62 332
440 -1875 -190 1 -1867 26 104 75
448 -1880 -190 1 -1867 21 82 24
452 -1890 -1902 -1867 1 2 40 25
460 -1895 -1902 -1868 07 24 10
464 -1895 -1903 -1868 08 25 26
478 -1900 -1904 -1869 476 221/2 04 1 2 6
488 -1905 -1905 -187 a 00 00 0
500 -19' 3 -1905 -1870 00 00 0
512 -1920 -1905 -1871 00 00 0
532 -1940 -1905 -1872 00 00 0
544 -1950 -190 5 -1873 00 00 0
554 -1945 -1905 -1874 00 00 0
556 -1940 -1905 -1874 00 00 0
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EXHIBIT 58
Sheet 2 of 4

DATA FROM VERTICAL PROFILE OF PIPELINE

Dist
Along Hydraulic
Pipe Ground Pipe Grade Bend Bend Excava Trench Trench
Align Elev Elev Line Loe Angle Depth Area Vol

(m) (m) (m) (m) (m) (0) (m) (m2) (m3)

564 -1940 -1-905 -1874 00 00 0
572 -1905 -1905 -1875 00 00 52
580 -1875 -1905 -l875 -SO 12-9 144-
590 -1870 -1905 -1876 35 159 182
601 -186.8 -1905 -1877 3-7. 172 200
612 -1865 -1905 -1877 40 192 520
634 -1853 -1905 -1879 52 281 382
648 -1855 -1905 -1879 50 265 388
665 -186-5 -1905 -1880 40 1'92 228
678 -1870 -1905 -1881 35 159 208
1)94 -1880 -1905 -1882 25 101 -247
726 -1890 -1905 -188A 726 45 1 5 53 265
767 -188-5 -1905 -1887 20 76 278
810 -1890 -1905 -188-9 810 45 1 5 53 161
838 -1888 -1905 -189~1 17 6..2 181
863 -189-0 -191 1 -1892 21 82 230
8.93 -1900 -191 9 -1894 893 30 1 9 71 690
954 -190 0 -1934 -1898 34- 155 543

1000 -1925 -1946 -1901 1000 11 1/4 21 81 244
1032 -1935 -1954 -1903 1 9 72 114
1054 -1950 -1960 -1904 1 0 32 68
1075 -1955 -1965 -1905 1 0 33 62
1090 -1950 -1964 -1906 14 50 30
1095 -1945 -1964 -1907 1 9 71 122
1110 -1940 -1963 -1907 23 92 114
1121 -1935 -1963 -1908 28 11 6 81
1129 -1940 -1962 -1909 22 87 77
1138 -1940 -1962 -1909 22 85 79
1149 -1945 -1961 -191 0 1 6 59 47
1159 -1950 -1961 -191 0 1 1 36 25
1166 -1950 -1960 -191 1 1 0 34 33
1172 -1940 -1960 -191 1 20 76 43
1180 -1950 -1960 -191 2 1180 111/4 1 0 32 126
1200 -1935 -1959 -191 3 24 94 65
1208 -1940 -1958 -191 3 1 8 68 147

1227 -1935 -1957 -191 5 22 87 69

1235 -1935 -1957 -191 5 22 85 221

1262 -1935 -1956 -191 7 21 79 160
1283 -1935 -1954 -191 8 1 9 73 43

1290 -1940 -1954 -191 8 1 4 49 59

1300 -1935 -1954 -191 9 1300 5 5/8 1 9 69 160

1324 -1935 -1952 -1920 1 7 64 157
1353 -1938 -1951 -1922 1 3 45 64

I
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Along Hydraulic
Pipe Ground Pipe Grade Bend Bend Excava Trench Trench

Align Elev Elev Line Loc Angle Depth Area Vol
(m) (m) (m) (m) (m) (0) (m) (m2) (m3)

1366 -1935 -1950 -1923 1 5 54 26
1370 -1930 ~950 -1923 20 76 255
1400 -1925 -1949 -1925 1400 11114 24 94 594
1470 -192J> -19.4.5_ -19.2.9 2.D 76 2358
1700 -1930 -196 {) -f9't3 30 129 1228
1800 -1.935 -1963 -194"9 28 11 7 66
1805 -1930 -1963 -1950 1805 11114 33 147 229
1819 -1925 -1963 -1-950 38 181 182
1830 -1930 -1964 -1951 34 151 681
1874 -1'93"0 -f905 -f9S4 ~5 159 58
187-8 -1935 -196.5 -1954 30 129 138
1890 -1-940 -t96S -1955 1'890 111/4 2.5- 101 89
1-900 -195.2- -1-972 -1955 20 76 182
1924 -1975 -1995 -1957 20 76 84
1935 -198LQ ~200J)- -1.9513 20 76 228
1965 -200-0 -202"0 -1:959 20 76 129
1982 -2005 -2025 -1"960 -20 76 137
2000 -2014 -2034 ~1961 20 76 760
211lO -2045 -2065 -1968 20 76 456
2160 -2060 -2080 -1971 2160 55/8 20 76 304
2200 -2072 -2092 -1974 20 76 760
2300 -2102 -2122 -1980 20 76 319
2342 -211 6 -2136 -1982 2342 5 5/8 20 76 106
2356 -2125 -2145 -1983 20 76 182
2380 -2130 -2150 -1985 20 76 38
2385 -2135 -2155 -1985 20 76 152
2405 -2140 -2160 -1986 20 76 289
2443 -2155 -217 5 -1988 20 76 91
2455 -2160 -2180 -1989 20 76 122
2471 -2165 -2185 -1990 2509 221/2 20 76 372
2520 -2180 -2200 -1993 20 76 266
2555 -2190 -2210 -1995 20 76 27
2560 -2200 -221 0 -1995 2560 30 1 0 33 12
2567 -2210 -221 0 -1996 00 00 0
2570 -2215 -221 0 -1996 00 00 0
2572 -2220 -221 0 -1996 00 00 0
2582 -2235 -221 0 -1997 00 00 0
2593 -2235 -221 0 -1997 00 00 0
2603 -2230 -221 0 -1998 00 00 0
2609 -2235 -221 0 -1998 00 00 0
2611 -2235 -221 0 -1999 00 00 0

2619 -2230 -221 0 -1999 00 00 a
2621 -2225 -2210 -1999 00 00 0

AdO;) J78'r17tVl\\f lS38

DATA FROM VERTICAL PROFILE OF PIPELINE

EXHIBIT 58
Sheet 3 of4
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EXHIBIT58
Sheet 4 of 4

DATA FROM VERTICAL PROFILE OF PIPELINE

Dlst
Along -Hydraulic
Pipe Ground Pipe Grade Bend Bend Excava Trench Trench

Align Elev Elev Ltne Loc Angle Depth Ar~a Vol
(m) (m) (m) (m) (m) (0) (m) (m2) (m3)

2627 -2220 -2210 -2000 0-0 0-0 0
2629 -2215 -2210 -2000 00 00 0
2630 -221 a -2210 -2000 -0-0 00 0
2642 -2215 -~1 0 -2000 00 00 186
2755 -2200 -2210 -2007 10- 33 13
2758 -2195 -2210 -2008 1 5 53 97
2773 -2190 -2210 -2008 20 76 44
2772 -2:1.8.5. -22LO -200.9 2.5 101 150
2791 -2180 -2210 -2010 30 129 103
2799 -2180 -2210 -2010 30 l29 115
2809 -2185 -2210 -201 1 25 to 1 :J06
2821 -2195 -22-1 5 -2011 20 TO 228
2851 -2197 -2217 -~01 3 2851 221/2 20 76 53
2858 -2200 -~-o ~"201 4 20 76 106
2872 -2205 -22Z5 -2014 20 76 274
2908 -223.0 -2250 -2017 20 76 304
2948 -2250 -2270 -2019 20 7-6 -365
2996 -2265 -2285 -2022 20 76 1-98
3022 -2270 -229~0 -2024 3022 111/4 ~O 76 144
3041 -2275 -2295 -2025 20 76 99
3054 -2280 -2300 -2025 20 76 319
3090 -2285 -2310 -2028 25 101 292
3123 -2300 -2320 -2030 3123 221/2 20 76 228
3153 -2305 -2325 -2032 20 76 129
3170 -2305 -2325 -2033 20 76 47
3174 -2290 -2325 -2033 35 159 47
3178 -2305 -2325 -2033 20 76 152
3200 -2310 -2327 -2034 1 7 62 237
3246 -231 5 -2327 -2037 1 2 41 118
3269 -231 0 -2327 -2039 3269 111/4 1 7 62 52
3275 -2300 -2327 -2039 27 11 2 49
3280 -2305 -2327 -2039 22 86 63
3290 -231 5 -2327 -2040 1 2 41 41
3300 -231 5 -2327 -2040 1 2 41 21
3304 -2310 -2327 -2041 1 7 62 134
3330 -231 5 -2327 -2042 3330 30 1 2 41 21

3334 -231 0 -2327 -2043 1 7 62 339
3400 -231 5 -2327 -2047 3400 221/2 1 2 41 443
3458 -2300 -2327 -2050 3458 11 1/4 27 11 2 148
3475 -2310 -2327 -2051 3506 5 5/8 1 7 62 294
3545 -2320 -2327 -2055 07 22 147
3563 -2295 -2327 -2056 3563 11114 32 141 326
3603 -2320 -2327 -2059 07 22 115

3655 -2320 -2327 -206 2 07 22
Total fill vol= 22509 (m3) Total trench vol= 27472
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10 INTRODUCTION

ThIS I epol1 pI esenl~ the re<;utls 01 [he geotec!1l11cal investigatIOn for the
ploposed sIte In DClf Alia

I I Purpose Of Sludy

The pUlpose of tills ,,>tudy I~ to delcl mine the

')UI fc1ce and subsurfc:1ce conc!l{lon,> a{ {he ploJect SltL (mel
lhe physIcal and mechanlccll plopelllL~ 0/ the !ouncl.llloll

gloune! 111 01 cler 10 proVIde IhL ~tlUC(lIlat cngll1eer wIth

'iufficlcnt IIlformalJOn fOI the dC<;lgn ofmos! SUitable and
'>alc loundallons

I 2 <.>cope OrWorks

1 he scopc ofwOIk conSls1f, ortile [ollowmg

Collect1l1g information and map<; par llcular to the
PIO)ccl sIte '>uch as public scrvlcc<;, ')Ile plan
,md land use I1ldpS

2 Makmg Visil') to the site to COIlLCt lIl/onnallon
about pI Cf,cnt land u~c ~UI/<ll.C tOpOgl aphy,
gcologlcal fcatul cs <lnd SUI f..1CC dJalllagc

3 Dllllll1g of eIght hOI ehok~ and sampling 01
dlStUI bed and undlsllll bed <;dlllp!e<;

c; Pcllol 111ll1g cnglllcu I11g analY\IS 01 held ,md
lc1bol <ltOI y fmdlll~\

6 DevcloplIlg cOllclu<;lOl1\ and I CLOfll Illcnda lions 101
1011lldatJon dcslgn ane! LonsllUc[lon

I he P10Jccl con">I'>! 01 ,I plpc-Imc dnd Ib clSSOSI<l!cd SllllCllllC'> to
l,lIly pallor the /alqa river Welter (I dl,d f),11l1 outlet Wdlcl) 10 ~cparc1le 11
".llme bd\C flow watu
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Sl1 E DESCRIPTION

The surficial ground IS COVCI ed with wadi deposlt~ composed ofsandy
silly clay with gravel and cobbles of hme~tol1cand chel t

No c1eclncct! 01 lelephone pok~, scwer 01 wtltcr pipes wei Cobscrvcd
Wllhll1 the ~Ilc area II0WCYCI, e!cdlluly and wcllCi ~<..rVICC~ are pi ovrded 101 the
clf ea

Accordlllg to the geologl<Jtll IllclIJS fOI Dell Alia <lICa and followmg OUI
II1spectlon~, the gcnc/al Sitc cuea belong,> to the AJlun GIOUp, Na'UJ 10lmaron
(A 1/2) wblclJ IS mamly fOlllled of hme~(one marls, c1ay~, marly clay, mally
IrmC';lone and occasionally c:;hales No ftllJlt~ 01 othel ~pecled geologIC fCelture,; wei e
observed at thc SltC

A genclal SltC plan c:;howlllg [he locaUon of the blllldlllg and bOlcholes l~

pI e~ented III IigUl C110 1

l'IFLD EXPLORATION AND LABORA JORY TE~TING

4 I fIeld E,<ploralJon

4 I I DnIlmg

On lan 20 and 21, 1996 clght boreholes weI e drilled ell the
'lIte The bOlCholcs arc numbclcd Hhlough 8 and thcy wcre dlllled
to a depth of 6 0 m cach below the c)o,,/stll1g ground surface,
Icspecllvcly The 10ctlllons of the bOI ehok~ aI c shown 111 f1gul c no
1

Thc (II dllllg \V,\" c\.eclltcd With [It\mb Lngland-Olill
Master 18 rotcry /Ig, mounted on Mcrcedcs LK 608, rrllk, capacity
= 120 111, lISll1g the Iot,ll y elll !lush c1nllmg 111cthod The logs of the
[Ill ce bOI eholes aI (... P[ l.<.,enlecl Il1 AppendiX A

2
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EXHIBIT61
Sheet 1 of 2

UNIT COSTS ON SIMILAR PROJECTS

I UNIT RATE
JD

EARTHWORK
Excavation for structures on general ground CUM 1 1
ExcavatIon In rock CU~M 11 9
Compacted fill to make up levels and to form embankments CU M 1 2
Surfacing of pumping stations and turnouts SQM 07
Trenching for single pipe including beddmg and backfilling

standard depth below formatIon level
20m deep for 600 mm dla M 148
23m deep for 900 mm dla M 208
26m deep for 1200 mm dla M 41 1
AdditIOnal excavatton over standard depth CU M 52
Extra over normal for excavatIon In rock CU M 11 9

CONCRETE WORK
Concrete class "C" CUM 714-
Concrete class trC" sufate resistance CU M 727
Concrete class «A« CUM 143 3
Concrete class "An sulfate resistIng CUM 1460
20/20 CU M 481
25/20 CU M 505
30/20 CUM 548
35120 CU M 622-

40/20 CU M 640

REINFORCEMENT STEEL
High tenSile deformed TON 5276

DUCTILE IRON PIPES
Class K8,600 mm M 88
Class K8,700 mm M 111
Class K9,800 mm M 207
Class K9,900 mm M 281
Class K7,900 mm M 275
Class K7,1200 mm M 380

DUCTILE IRON PIPE FITIINGS
11-1/4 degree bend section all sockets

600mm No 378
900mm No 1190
1200 mm No 1950

22-1/2 degree bend all sockets
600mm No 531
900mm No 1665
1200 mm No 1950

45 degree bend all sockets
600 mm NO 974

900mm No 1665
1200 mm No 2626

Tee section all sockets
600 mm * 100 mm No 565
600 mm * 150 mm No 645
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EXHIBIT61
Sheet 2 of 2

UNIT COSTS ON SIMILAR PROJECTS

I UNIT RATE
JD

600 mm * 200 mm No 629
900 mm * 150 mm No 1477
600 mm * 500 mm No 1485
70D-mm * 450 mm No 1940

Tee section socket-and flanged branch
450 mm * 100 mm No 780
500 mm * 100 mm No 966

Invert level tee section & flangedJJranctT
450 mm * 100 mm No 812
500 mm" 100 mm No 1003

Reducer all sockets
500 mm * 400 mm No 269
500 mm * 450 rom No 210
600 mm * 250 mm No 647
700 mm *-400 mm No 842

IsolatLOn valve. dIameter
400mm No 4649
450mm No 5795
50.0 mm No 7100

Air valve
lC No 757
2C No 781
3C No 781

Flexable couplmg
700mm No 483
800mm No 572
900mm No 655
1000 mm No 756

GATE AND MECHANICAL WORKS
Steel slldmg gate

762 mm * 610 mm No 3516
914 mm * 762 mm No 3648
1067 mm * 914 mm No 3770

Heavy duty slUice gate
762 mm * 610 mm No 4947

914 mm * 762 mm No 10119

1067 mm * 762 mm No 12992

Chain link fencmg,gate & concrete blocks M 23

Gate for fencmg, 5000 mm wIde No 530

Gate for fenCing, 1200 mm wIde No 116

Heavy duty cast fron manhole cover,800mm ~ 800mm No 159

3-stage pump &motor, 100 HP No 23150

3-stage pump & motor, 150 HP No 29625

7-stage pump & motor, 200 Hp No 52950

Slow clOSing aIr and vacuum valve,150mm No 3071

WADI AND GULLY CROSSING
Stone pltchmg In concrete CU M 227
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EXHIBIT 6 2
Sheet 1 of 2

DAILY WAGES SCHEDULE

ITEM UNIT COST,JD
FINE AGGREGATE CUM 633
COARSE AGGREGATE CUM 633
CEMENT AT SITE TONS 47
RFT AT SITE TONS 325

EQUIPMENT DEPRECIATION, 25 DAY/MONTH, 8 HOURS/DAY

DUMPiRUCK MONTH 4000
CAT 09 MONTH 6000
LOADER, 966E MONTH 3000
SCRAPER MONTH 9000
GRADER MONTH 4000
COMPACTOR MONTH 6000
WATER TANK 1500
OPERATION AND MAiNTENANCE COST

ASSUME EQUAL TO DEPRECIATION COST
EQUIPMENT HOURLY RATE
EXCAVATOR HOUR 50-75 1200 HP-400 HP, EXCLUDING OPERATOR

LOADER HOUR 28-71 1260 HP -375 HP. EXCWD1NG OPERATOR

TRACTOR INCLUDING DOZER HOUR 30-58
GRADER H0tJR 30
ROLLERS & COMPACTeR HOUR 20
DUMPER, 35 TONS HOUR 43
WATER TANK,-20 CU M HOUR 20

LABOR RATES FOR CONSTRUCTION TRADES

SKILLED
H P OPERATOR HOUR 478
L P OPERATOR HOUR 339
H V DRIVER HOUR 339
L V DRIVER HOUR 251
HEAD MAN HOUR 781
MASON HOUR 414
CARPENTER HOUR 414
SKILLED LABOR HOUR 414
BLASTER HOUR 414
JR QUALITY SUPERVISOR HOUR 288
JR COST CONTROLLER HOUR 288
FOREMAN HOUR 534
ACCOUNTANT HOUR 288
LAB ASSISTANT HOUR 288
DRAFTSMAN HOUR 251
CAMP MANAGER HOUR 3 10

CLERK HOUR 218

SECRETARY HOUR 251

CASHIER HOUR 288

STORE KEEPER HOUR 288
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EXHIBIT 6 2
Sheet 2 of 2

DAILY WAGES SCHEDULE

ITEM UNIT COST,JD
STORE ACCOUNTANT HOUR 288
DRESSER HOUR 251
SECURITY OFFICER HOUR 288
MECHANICS HOUR 585
STEEL BENDER/FIXER HOUR 414
~ATCH PLANT SUPERVISOR HOUR 398-
AUTO ELECTRICIAN HOUR 318
ELECTRICIAN HOUR 414

SEMISKILLED
LABOR HOUR 339
DRlLLER HOUR 3.39
ELECTRICIAN HOUR 414

UNSKILLED
~BOR HOUR 162
WATCt=fMAN HOUR 161
OFFICE BOY HOUR 1 69
CLEANER -HOUR 169
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EXHIBIT 6 3
Sheet 1 of 2
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Item
Quant~ty Unl.t Un~t Cost Total Cost

Hwaret W~er (JD) (JD)

Concrete, w~er 1,324 cu m 146 193,304
Concrete, d~ss~pators 64 cu m 146 9,344
Concrete, reta:Ln:Lng walls 5% cu m 146 87,016

ReInforcIng Steel 119 tons 527 6 62,784

Roekflll 423 eu m 3 1,269

Gablon Mattress 149 cu m 1 5 224

FoundatIon PreparatIon -5,000 sq m 1 5, 0.00

Clear1ng 10,000 sq m 1 10,000

Demol1sh1ng ~ng we1r LS 10,000

Cofferdam LS 1,500

Excavat10n LS 10,000

Subtotal Hwaret We:Lr 390,44.1

Hwaret Intake
Excavat~on 3tr5 cu m 3 8 1 387

Concrete 214 cu m l46 31,244

Re~nforc1ng Steel 13 tons 527 6 6,859

Demol~sh~ng-~~st~ngl.ntake LS 10,0.00

Slul.ce Gates (1 Sm X 15m) 2- number 10000 20,000

Trashracks (1. Sm X 15m) 1 nUmber 3000 3,000

Subtotal Hwaret Intake 72,490

Desandl.ng Basl.n
Concrete 644 cu m 146 94,024
Rel.nforcl.ng Steel 39 tons 527 6 20,576
Excavatl.on 1,718 cu m 3 8 6,528
Foundatl.on Preparatl.on 3,750 sq m 1 3,750
Clearl.ng 7,500 sq m 1 7 500
Demoll.shl.ng eXl.stl.ng canal LS 5,000
Slul.ce Gates (15m X 15m) 5 nUmber 10000 50,000

Subtotal Desandl.ng Basl.n 187,379

Vl.aducts (2 )
Concrete 30 cu m 146 4,380
Rel.nforc~ng Steel 3 tons 527 6 1 583

Excavatl.on 110 cu m 3 B 418

Subtotal V1aducts (2 ) 6 381

Valvehouse
Excavatl.on 210 cu m 3 B 798
Backfl.11 (l.ncludl.ng Pl.pe) 135 cu m 2 270

Concrete Valvehouse 82 cu m 146 11,972
Concrete Valve foundat1on 12 eu m 146 1 752
Rel.nforcl.ng Steel 6 tons 527 6 3,166

Subtotal Valvehouse 17,958

\~
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EXHIBIT 6 3
Sheet 2 of 2

COST ESTIMATE

I
Item Quant~ty Un~t Un~t Cost Total Cost

P~pe to Outlet

I Excavat~on 18 cu m 3 8 68
Subtotal P~pe to Out~et- 68

I Valveh~use e~pment 1 LS 619,595 619,595

(see attachment A)

I Outlet BaSlil

Excavat~on 818 cu m 3 8 3,108

Backf~ll 512 cu m 2 1,024

Coneret=e-, removal £rom channel w~ 20 cu m 3 60

Concrete, for Outlet Bas~n 95 cu m 146 13,870

Re~nfDrcmg Steel 7 ton-s- 527 6 3,693

Subtotal Outlet-Bas~n 21,756

Road to Valvehouse

Excavat~on 100- cu m l.8 608

F~ll 4 cu m 2 8
Subtotal Road to valvehouse 616

616

P~pel~ne-

P~pe 3,655 m 580 2,119,900

Excavat~on 27,472 cu m 3 8 104,394

Backhll 22,509 cu m 4 90,036

Concrete (Encasement) 200 cu m 90 18,000

FJ.eld AlJ.gnment LS 1,500
;-

F~eld InstallatJ.on LS 5,000
;-

Steel P~pe (V~aduct CrossJ.ng) 50 tons 2000 100,000
Bend (5-5/8 deg) 4 number 2600 10,400
Bend (11-1/4 deg) 11 number 2,600 28 600
bend (22 -1/2 deg) 6 number 2,600 15,600
Bend (30 deg) 4 number 3,000 12,000
Bend (45 deg) 2 number 3 500 7,000
Concrete for Thrust Block 1 728 cu m 80 138 240
DemolJ.shJ.ng EXJ.st~ng Canal LS 10,000 10 000

Subtotal PJ.pelJ.ne 2 660,670

Subtotal DJ.rect Cost 3 977 353

ContJ.gencJ.es (about 15S-) 596 648

Total DJ.rect Cost 4,574 000
EngJ.neerJ.ng DesJ.gn 280,000
ConstructJ.on EngJ.neerJ.ng & 457,000

Owner's Overhead (about 10%)
TOTAL CONSTRUCTION COST 5,311,000

I
I
I
I
I
I
I

I
I

I
I
I
I
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exhibit 71

Sheet 1 of2

ELECTROCONDUCTIVITY (EC) MEASUREMENTS. MIXING RAnos, AND
ESTIMATED AVERAGE Ee's, WITH AND WITHQli'T PROJECT

JVA Monthlv Averaaes
Zartt. Rfvtr King Abt;fullah Canal

pz'C

KTO Abu KACs KAC,"" Mixing Estlmated PrOJect.
1<1"9 Talal Zelghlln 80Uth north KTO KAC-G RatIo ECwrth related

Date Oam Canal (M~adO (Sawalha) (oorrecled)' (COITected)? (KACfAZC)2 Project changa
(dSfm) (cJS/m) -(dSIm) (dS/m) (dSfm) (dSfm} (dSlm) (dSIm)

$ep.90 216 209 221 081 209 209 000 209 000
oct-SO 230 228 242 OS2 228 228 000 228 000
Nov--90 259 264 249 140 259 24~ 014 245 -004
Dee-SO 278 280 219 oes 278 279 001 2n -002
Jan 91 273 204 230 092 264 230 025 230 000
Feb-91 176 2.08 124 091 176 124 255 115 ~09

Mar~91 234 217 215 093 217 215 002 215 000
Ap(91 224 115 183 069 175 175 000 175 000
May 91 179 204 182 089 179 182 024 162 -020
Jurr91 04 192 1~ 091 174 185 001 168 ~17

Jut 91 186 222 192 093 186 192 030 164 .() 28
Aua-91 210 228 217 065 210 217 006 200 -017
$ep...91 235 256 224 093 235 224 024 207 -017
Qct·91 261 272 227 098 261 227 035 219 -008
Nov-91 2'52 279 219 094 252 219 048 201 -018
Oeo-91 150 209 091 on 150 091 843 065 -006
Jan 92 063 054 063 063 000
Feb-92 115 053 049 053 053 000
Mar-9=l 103 115 091 051 103 091 060 084 -oOB
M'92 110 119 117 076 110 117 005 106 .(JOO

Mav·92 112 128 12S 093 112 125 009 110 ..() 15
Jun-9:? 126 128 120 096 126 120 033 119 -002
Jul92 125 142 14{) 090 125 140 004 1.24 -016
Aua-92 123 140 139 092 123 139 002 122 -017
$~p.92 124 140 136 092 124 136 009 121 .() 1S
oct 92 131 139 142 096 1 31 139 000 131 -008
Nov·92 1n 155 185 093 177 185 000 1n -008
Oec-92 16-4 194 134 071 184 134 095 129 .{lOS

Jan 93 210 176 139 083 176 139 04S 139 000
Feb-93 168 171 099 066 166 099 216 098 .(l01

Mar·93 160 163 158 075 160 158 006 155 -oro
Atll'93 158 1n 158 082 158 158 025 143 .() 1S
May 93 t 51 174 174 088 157 174 000 151 -017
Jun-93 160 234 232 O~ 160 232 -001 159 '{)T3

Jut 93 161 233 227 095 16\ 227 005 158 -069
AlJO-93 158 222 218 065 158 218 003 156 -06:2
5ep-93 t 72 227 232 090 172 227 000 172 ..Q55
Oct 93 190 225 225 093 100 225 000 190 -{)3S
Nov 93 213 251 250 094 213 250 001 212 -038
Dec 93 212 262 271 092 212 262 000 212 .050
Jan 94 24.( 562 211 000 244 211 290 129 -082
Feb-94 ~62 456 326 088 262 326 055 200 .126

Mar·94 258 420 186 093 258 188 244 1 41 -047
Ap(94 195 255 253 091 195 253 001 194 -{)59

Mav94 202 275 279 096 202 275 000 202 .0 73
Jun 94 202 289 262 095 202 282 004 198 ..084
Jul94 201 301 240 092 201 240 041 169 -011
Aug 94 220 216 271 093 220 271 003 211 .054
Sep-94 239 289 263 093 239 263 015 2~ -o.Q
oct 94 243 313 295 093 243 295 000 2 :)f ..oM
Nov 94 300 375 182 095 300 182 222 159 -043.
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ExhibIt 71
Sheet 2 of2

ELECTROCONDUCTIVITY (EC) MEASURE"MENTS~MIXING RATIOS~ AND
ESTIMATED AVERAGE EelS, WITH AND WITHOUT PRO.7ECT

JVA Monthlv Averages
Z.trqa RIver t<lflO Abdullall Canal

f(lC

KTD Abu KAC-s KAC-o MIJdng E:atlmatad ProJect-
King Taral Zelghan tooth north KTO KAC.. Ratio ECwIlh related

Daft! Dam Cf;tl1sl (Maadi) I(Sawalha) (corrected)1
r (COfTected)2 I(KAc/Ale)' ProJect change

D&C-94 228 402 137 098 228 137 679 115 ..Q22
Jan-95 190 423 141 081 100 141 470 100 -041
Feb-9S 173 292 152 057 173 162 147 104 -048
Mar 95 140 228 218 071 140 218 007 136 .oS2
Apt·95 140 226 210 083 140 210 013 134 .() 76
Mav-95 138 2e:.J 211 084 138 263 000 138 -125
Jun-95 155 229 243 064 1SS 22!J 000 155 ..074
Jul-95 145 237 215 OB7 145 215 017 136 ..(179

Aug 95 154 215 215 087 154 215 000 154 ..Q61
$eC)-95 157 218 190 090 157 190 028 142 -048
Oct 95 152 202 192 089 152 192 010 146 -{)46

Nov 95 203 279 197 088 203 i 97 075 154 .043
Dee 95 208 271 160 085 208 160 148 135 -025

max 300 562 326 140 300 326 843 277 000
min 103 115 053 049 103 053 000 053 126

median 184 22e 2.13 091 178 211 009 158 .0 18
1d" oen;enlJre 125 140 120 071 126 120 000 104 -on
90111 oercentlle 258 332 271 095 258 264 2:29 219 000

mean 1~ 241 195 087 188 194 070 160 -033

Notes 1 Thfs value Is the lesser of the EC at KTD 0. Abo ZelQhan lower values at Abt.l Zelghan
likely Indicate that high fl(M'G were released at KTD Elnd/Of thBre was substantial Inflow
from side wadl$ ..mlCh lowered EC sf Abu lelghan

2 It 18 unlikely that EC In the KAC G \$ ever hlgh6r than Ec at .Abu ZeJghan
The IQwer oHhe two yalues IS ull8d Thl!$ effectively &as the contributIon from !<AC-n Elt zero

3 This ralJo IS biIsed on the equatlOl'l

EC(~l X Q1 +ECwc) • EC(KAC s)

(Q1 + 1)

where Q1 .. the rato of flow In KAC-n to flow tr'l1>ZC

which Implies

EC\AZcJ • EC(~)

EC(I(AC-.) EC(KAC-<ll
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Estimated Cost and Irrlgated Area for Vanous Crops

Exhiblt 72
Shee( 1 012
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Economic: Information Est'm&tlfd Afu.

18km 18lan
S\llTQl;jata Ba~ E~$Mlon E)jen~lon

Spoclos for EC Costs Returns MargIn Cost Pro]lld ProJoe( ll'l1gatron Ba&a BawV..r
Analysis IfJOldu' i (JDldu) I(JDldu} Year 199(1 ((fu) 1994 (du} P';lOod YaarEC Elit Yield

FRUIT TREeS
Cltru. 2125 :1 \79
CftnJlt OranfN 237 ~4J 406 1993 2125 217f} llpr-d~ 200 79%

LllmOfl Ora~o 114 600 585 1991 540 551 .pr-<!ec 1 :37 9<4%
C1.monllno Orang. 114 519 405 1991 I 257 287 lor-d~ 1 ~7 9-4%
Mend,rlM OnmgEl 114 638 524 1991 1'l~l.I 729 730 lIor-deo 137 9-4'li
GnlQl;lfrult Grapefruit 114 427 313 1991 31 33 8or-d6C 137 911%
Pummtllor GrpoofWlt 114 861 747 1991 87 9<4 aDr-dfx: '31 96%

othef$ Orange 50 252 233 1991 480 5G4 eOHl$C 137 ~'l4

BfnanSIl Apneot 193 m 116 1993 444 599 lan..<fee 140 52%

Mile T,u. 1~2 1938
Appki Puc" 79 492 413 1991 32 3~ aDl'~ 130 9<I'lb
APP/~ Pifllcn 102 62 99 tOgS 32 32 .pr~ 210 69'14
GraPG Gl'3pe, 149 279 130 1991 461 461 fub-MV 125 96%
G,.~ Gr8peB UI 617 276 1~~3 461 481 t./).nov 218 83%
POIIl(tl Paaeh 78 ~1e 440 1991 73 73 llP(~ 130 94'%
PHch P~,ch 2U 61:t Z39 19~3 13 73 apt-$6p 210 69'l6
Guava Orange 47 268 221 1991 ~ 405 IlIn.<foc 120 98%
Oltkm Puch 100 30~ 1~ 1991 540 965 al>r-dec 137 91 'l'
Othm PfJ~ch 241 491 250 f9(J3 876 1370 aor-dee 200 72~

FIELD CROPS 1739 1$ 778
Whe{ll Wheal 8 17 g 1993 76 58:! dec may 233 100".4
Malu Com maize 26 56 32 1991 294 1031 IT\llf lun 1 13 00%
Girlie Omon 101 238 137 1991 66 6Gp..aDl 13Q 67*
Gllrlk OnlOtl 115 123 ~ 1993 88 $OO-llm ~ 18 67~

Others Bart"y 22 50 27 1991 1389 2,797 apr-jtJ1 126 100%
O~ B6rltly 21 42 21 1993 1369 2797 llDf..fuf 210 100%

Autumn 27899 11256
Tomato (PI-/) Tomato 508 5137 79 1991 2033 82 oct-may 123 100%

TomAto Tom.to 153 330 ln 1001 C400 342 oet-m8~ 123 100%
fom_to (PH) Tom. to 10n 2607 1~5 1993 2033 82 oct m.o.v 222 92%

Tom,1\) Tom.to ~34 2BO 46 1993 &480 342 oct may 222 9:Z'l4

&QUlIth Squash zucchini 117 275 158 1991 3324 1612 wEXfoc 190 100%
EggplAnt Potato 14~ 315 188 1001 '2 ~76 15Z3 Bugl.n 174 89".4

t:Ollpl(lnt l PH] Potato 1391 7187 796 1993 2071 1223 oct 80( 225 79%

Cucumb.Jr PH) Cucumber 566 1000 434 1991 1~ 11)5 oct-may 123 100%
CucumbM PH} CucumbtJr 11tl 2107 990 1993 1544 165 oct-msv 222 90%

Potalo PollllQ 179 291 113 1991 623 204 ~n 150 93%
Potato Pota!o 179 291 113 1991 118 38 ~lMr 103 100%

Polaro pot~ro 345 542 197 1993 623 204 oct fan 215 8~%

Pol~ro potato 345 542 197 1()c}3 118 38 ~;nsf 22t) 79%

TABLE CONCLUDES ON FOU OWING PAGE
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~tunated Cost and Irngated Area for Vanous Crops
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Economic InrQlffiatloJl fstlmated Arf!a!

18 km 18 Ion
Surrogate &~ Exttmton EJttsnslon

Sptelo$ for fQ Cotits 1l9lums Margin Co1;1 Project Proj4oet Irrigation But ea~Yoar

Anlly$f$ I(JOIdu' fJOll,fLJ} (JDldu) YAIlr 1990 (du) 1994 (dU) Pff!od Y6Ilt EO Est Yltkf
CabbagO Cllbbage 84 165 81 1001 288 375 QGt..feb 131 96%

CaulJftiWJer I'3rQ(:(:(lfi 82 273 191 1991 981 857 nov feb 107 100%
Hot flij)per (PH) PIWMr 300 600 210 1991 319 47 aua-dac 196 llO""

Swoot PGIlPtr (PH) PG~r 375 692 317 1991 405 69 IU~ 196 Wl(.

610ad ~an Broadbolln 67 n 10 1991 2116 1,500 ~ 190 88%
Strlng Bnn (PH) &an 309 410 102 1991 38 1 jln apr 081 97~

$Ir/ng Bean Bean 172 315 143 1993 1M 4 QCt.-Q8C 205 61%
ltttuc.e L,lfu~ 79 190 111 1991 ~ 130 1811 oel may 123 9~'l'

Splnach StllnQCh 115 269 154 1991 150 3S oct-doc 179 94%
OnIon 01\1011 54 124 70 1991 25 197 nov mllr IOJ 940.4
Ofl/OI7 OntOn 182 417 235 ,QQ3 25 197 nov mar 231 64%
Tumlp TurnIp 4Q 200 163 1ge1 18 . eep-Jan 165 116%
CelTot caf1'o( 80 584 48-4 1991 27 73 sep.'~ 14a 84~

C~1TOt CIfTOt .55 flU 139 1993 27 73 seo- eb 218 69"-'
Otlws TomatQ e5 182 97 1991 509 1029 sep- GI'\ 1~ 100".'
Of.f1lJrl Tom.!to 113 2:34 121 1993 509 1029 ~p- an 206 95%

Tomato TomAto 124 2ge 174 1991 935 64 Jan may 090 100%
Tomato (tun) Tomato 98 363 21J5 1991 117 8 dtc may 000 100'lt

Tomato Tom.to 234 280 4(j 1993 935 6-4 Isn may :2 32 91%
Tom4'to{ttJn) Tomato 587 f288 ~!l9 1993 117 tl dtc may 233 91'1/.

Squash Squash, ~11(nl 60 194 1~ 1991 116 dec-apr 100 100%
CU¢umber Coeumber ~ 1000 "'34 1991 8 d.c mav 000 100%

Okra Sean 30 31 1 1993 53 apr-jul 210 60%
CaullflQwer 8fQ¢CIi 62 273 191 1991 1'" Ian mllY 090 l00~

SlrlngBMn Bean 3O!l <l10 102 1991 16 2 marrnav 1 11 88%

StrlfIQ B••" 8(Jfn 143 20$1 6~ IPfJ3 18 2 mtlr.may 21<1 WJ4
MoIokhIa SpInach 35 171 13e 1991 7 e; Ilprjut 128 1~

P.k>Iokhla (PH) Sp[n~ 131 400 269 1993 14 11 apr lui 210 91'l4
f3weet rnell,)ll Squash &Gallop 24 93 69 1991 3254 243 apr ~ua 128 100"

EogP!llnt Potato 149 315 168 1991 66-4 ;p8 dec maY' 090 100%
Soopl.nt Pot~fO ~5 77 1B 19;:I tS6-'l 238 qo<;-may 233 76'11.

Otners Tomato 9-4 188 94 1991 978 166 maNun 113 100%
O~ Tomato 89 137 48 1993 978 166 mllr-lun ~26 92'11.

AREA TOiAL 39766 21560
Not..

rt~ In ~1le1 are uwd to d.v~op wlmal9ll ralarred 10 as 1993 data
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Analysis of Extlmated Fann-Level Economic Returns (JD)
ResultIng from Project Implementation
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I
I
I
I
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I
I
I
I
I
I
I
I

1990 1991 SeallOll

WlthOlrt ProJf!Cl With ProJect

OIOU; Grou
Estlmltod btfmllted Pr~ B6noflt aenefit

Est % Returns EstImated Est % Returns Bonefit (1990 (1994
EC CdS/m) Yiefd (JO/du) EC (dS'",) Yillld (JOIdu) (JOIdu) Cl'opplng) Cfopplng)

FRUIT TREES
Oltnl, --~

Citro. 190 81~ 662 176 e.4% 6SO \ 26 296 60128 61~

l.omOl1 190 6'% 605 178 84% 631 25'853 13968 14249
Clamentlne 100 81% 449 176 84% 468 19196 4933 5125
Mlnchln"e 190 81 'l6 $52 178 504% 576 23597 17205 17 220
GralXifnJlt 100 83% 371 176 61% 3116 15401 482 ~1

PummolQf 190 8J'l6 748 176 87% n9 31055 2699 2934
OthQI'$ 190 81" 244 176- 6-4% 255 10444 S016 5261

Elananlll 1.00 70'l1> 418 178 75% 444 25646 11 3.80 15380

Mise Tr".
Apple 100 13% 3l}3 179 76% 410 26 ;67 853 853
Ap/M 196 73'lla 66 179 7(l'l' 71 -4633 1"" 148
Grap$ 196 66% 249 163 68% 255 5597 2579 2,581
G,,~ 196 6$% 537 163 S8~ 549 120n 5S64 5568
Peach 196 73% 404 179 78% 432 211161 2063 2 0Ela
P.,ch 196 73% 546 179 78"4 5lJ.4 38100 2789 2795
Guava 190 81% 222 178 8-4% 230 7617 2558 3087
Olh.r. 100 75% 241 178 79~ 262 1049n ~ 8081 14450
Ot1lMi 190 75~ 512 176 79% 543 31013 27 t61 0(2 .(91

Sub-total 1it1 data 71821 831188
Sub-f¢r./ 1993~u 107,188 126011

FIELD CROPS
Wh$llt 201 100% 17 196 100% 17
Malle 189 56% 50 1W 67% 51 0963 263 993
Gar1~ 21.. 6e% 187 212 69% 168 1257 65
a,rlle 214 68% 125 212 69% 126 oa.ll 57
OlMI'S 164 100% 50 167 100% ~

Oth~ 1M 100% 42 167 100% <42 . -
Sub-total ill1l1 data 283 1078

&Jb-tQtItI 1993 d.tR 283 1050

AutuMn
Tomato (PH) 210 94% 552 206 95% ~ 3902 793\ 321

Tomato 210 94-.1. 310 ~06 95% 312 2194 18558 7'!IJ

Tom.to(PHJ 210 w% :2 657 206 &5% 2675 1~ 787 3818S ,5+4
fom,tQ 210 94% 268 206 95% 288 2019 1700 69\

Squash '241 100".4 275 240 100% 215
Eggplant 232 78% 278 230 76% 278 087,( 1738 1027

t;llgplar'lt (PH) '214 81% 2239 212 62% 2250 10616 22402 13 232

Cyoumbor (PH) 210 92~ 921 206 93% 930 8732 13481 l.u4
Cuc(JmJ>.r PH} 210 92% :2 161 206 93% 2182 204U 31650 3387

Potato 247 76% 237 245 78% 238 011134 557 182
Potato 219 00% 234 2Hi 81°.4 236 1 6Q.4 1M 62
PoWo 247 7a~ 5Q.4 245 76'1& 500 1000 1 1&4 387
potato :2 19 ~ 554 216 61% 557 3761 «6 148

TABLE CONCWDES ON FOLLOWING PAGE



~nofil (JO) vlllrog 1991 datA Hl2936 109 6Q.(

~Iit (JD) u~~ 1993 c.tI 235 291 157515

11M benefit (JDldu) U$lng 1991 dat. 3 s.c6 500-4
unit be>nellt (JOIdu} uslng 1993 <l~ 59'7 7306

chlJl~ rn crop production 1991 ~ll 09% D%
cn.nge In crop production 1993 data Oe'l(, 13%

parcelltage I"eru" In ratumli 1991 data 10% 1 5~
porcffltaoa- IncrtlllS<l III rofum,. 1993 data 10% 19%

I'-rottl Items In rtafi"-ll lire Jsed II) Q'evck.p ~Imal~ refamxl to ll'i' 11193 dat. 13j/

1180 18$1 Salon
WIthout Project With Proj&d

Grosa Groas
Esllmalad ESllmattd Proifoet e.n.o-nt flon6llt

Est % R~ms E$l{mat4d flit ~ ReturM 8&Mflt (1990 (199-(
EC(dS/m) Y1G1d (JDldu) fOe (dS/m' Yltld fJD/dul (JDldu) Cropping) Cropping)

Cabbage 222 85% 143 219 88'l6 144 0749 21~ 261
Ceurff\ower 221 96'.4 261 217 96% ~83 t .181 1-433 1252

Hot p• .,per (PH) 232 73~ 543 231 73% 5<15 , 993 635 9.ot
Sweet PepPQr (PH) 232 73'l6 fS2.7 231 73% 629 2299 931 159

BrOldS.." 2 <41 81% 71 2.co 81'1(, 71 0200 ..28 3Hl
String Bean (PH) 156 67% 283 184 88'1(, 266 2m 98 :3

String a&i11l 252 .fa'" 240 250 49% 249 31Hl 450 12
lettuce 210 76".4 155 20S 77"14 157 1775 3761 321-4
Spinach 252 ~% 245 250 86% 2-46 0697 105 26
Onion 219 81'l6 88 216 68'l(, S9 0954 2,( 190
OnIon 219 67'14 434 218 6e'l4 439 .fm 117 9040
TurnIp 239 7/1'16 185 236 78% 1~ 0«20 8
Carrot 220 68% 459 ~ 17 00".4 462 :3 676 100 270
C.rrot 2~ 6/3,'lI1 191 217 6$% 193 1535 42 113
otMrs 239 90% 163 :i!3I;\ 9O'li le3 0347 176 357
OfhM$ 239 9O'li 221 238 90°-' 222 0471 239 4&4

Sub-tot.' 1981 ct••• 73239 23190
Sub-total tgU &u 121 153 27307

lomato 185 98% 291 179 99% 2Q4 ;l602 2432 167
Tomato (tun) 201 e5% 366 196 00% 369 2978 347 2.4

TQfTlflto 185 96% 302 179 e9% 305 2696 2520 173
TOtr!lItQ (full) 201 95% 1353 196 96% 1364 I I 0~3 1288 68

Squash j? 1:l 100% 194 209 100% 194
Cucumt>.f 201 S4'l4 940 196 95% 950 10207 79

Okra 184 88% 35 167 12% 37 2362 - 127
Qar,fIIffQWer 18S l00'lf. 273 179 100~ 273
Sttfna Bean 191 86% 304 164 67% 313 8942 145 15
StntlfJ B11«11 t 91 66'34 233 184 67% 240 6~ 111 12

f.fQlQkhla 164 9-1% 160 187 96% 164 311-4 21 17
Molol<hrl (PH) 164 9-1'1,0" 413 181 00'l4 422 8175 11" Q3

8weetmelon 1I;l0 l00'll, 93 174 100% 93 .
Eocplant 201 64% 264 196 85'14 266 2924 2000 697
t=ggplllnt 201 a4'l(, 83 100 85% a4 () 917 627 21a

OtIMI"I tell 1l7% 162 180 99% lSS 2590 2533 oI~

OfMrs 169 97% 145 180 99% 1-47 2053 2008 340

SUb-t0l1lIl&i1 am 7,m I &ol7

Sub-toW 19U d.m 6687 1 f.47

I
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Analysis of Extunated Fann-Level EcOUOIWC Returns (JD)
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19911~g2 ~lIon

Wrthout ProJect WltllProJeet

OrOSI Grou
E£trmated Estlmatad Pr$ct Bontnt Beneftt

E4t 'l6 Retums I;strmllt«l Est % R.luml &Mfit (1m (199-4
ECldS/m' Yleld CJO/du) fC (dS/m Yield lJO'eju) (JDldu) CroDDfnll) CroppIng)

FRUIT TREeS
CtffUS
Cltros 137 94'l6 765 127 00% 785 20230 4298.4 44073

lemon 137 9-4% 699 1.27 96'16 717 18482 9965 10187
Clomontine 137 SoC'16 519 127 00% 533 13723 3527 368<1
Ml!ndarlne 137 940,(, 638 127 96'16 ess 18870 12 3()() 12310
Gl'lpefnJlt 137 00'\4 -427 127 98'l4 438 11010 3-"C 35a
Pumm.lor 137 96% tl61 '27 98% 883 22201 1930 2~

Others 137 94% ~8~ 121 96'l6 290 7468 3566 3761

8.llnanlS 120 ~% 572 1 12 99116 591 18528 8221 11096

Mise. T'..I

""pple 130 94% ~2 1 17 98% 512 19 7~2 629 529
A(J~ 130 94% 85 117 sa% 89 3418 109 109
Gnl~ 1 :25 96% 279 1 15 98% 283 .. Ole. 1851 1853
Gra/HI 125 96~ 802 115 98'l6 Sit 8870 3994 3997
Peach 130 &4% 518 111 00% 539 20788 1,5.21 1525
P.,ch 130 9<4'16 700 117 98% ns 28101 2.051 2062
GU.!IVII 120 00% 268 1 12 100'l6 274 5502 1,848 2230
Othtr$ 1 :37 91 'lb 302 D7 95% 313 10707 57ef 1033/)

OlMttJ 137 91% 625 127 9S'l'. 6-47 22171 19417 30376

Sub-totat 1U1 data ~1 S23 60040

$ulI toIB11993 d,,'" 76782 91713

FIELD CROPS
Whoat 090 100~ 17 084 l00,*, 17 .
Malz$ f 13 99% 58 105 100'14 58 0339 100 349

Girlie 138 87'l6 238 1<!7 89% 243 53S0 J63
a.rfk; 136 87% 159 127 89~ 163 :3 579 243

Othet$ 126 100% 50 115 100% 50 - · ·
O~ 128 1(,l1)% 42 115 100% 4~

5ub-total1991 datil 100 712
Sub-toe.l1993 cUt. too 592

Autumn
Tomato (PH) 123 foo,*, 587 115 100% 587

Tomato 123 100% 3.30 115 100'" 330
Tom,to(PHJ 123 100% 2,826 115 100'l6 2828

rom4to 1 :lJ 100% 304 115 100% 304 · ·
Squash 190 100% 475 178 1lXJ'l6 275 ·
EaaDJ.nt 174 8S'lIi 315 182 91% 322 89M i8oo'1 10 s:)6

Eggplant (PH 123 98% 2687 116 99% 2722 3'1 193 10819 041830

Cocumt>.r PH) 123 100% 1000 1 15 100'1(, '000
Cucumw PM 123 l00'Jl, 2346 1 15 100% 2346 ·

Patillo HO 93% 291 142 a.4% 200 4575 2851 931

PQt.ato t 03 10<.l'l' 291 097 l00~ 211l ·
Pot.to 150 93% 819 142 94~ 629 9nO G057 197&

Potstc 103 100tA, 688 097 100% 888 ·
TABLE CONCWP€$ ON FOLLOYr1NG PA.9f
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boMflt (JD) utJng 1991 dett 1736704 127000

berHllit (JO) U~"g 1&93 c!lotJJ 202 09<l 160 7017

unit benefit (JDldu) u~ng 1991 dllUl 4367 5~

unit bane1i1 (JDldu) tnlng 1993 dltl 5002 1,(56

change In crop Pfoductlon 1993 <lata 08% t2%
change In crop production 1991 data 05"J4 12~

p"runta~ lncMa£llIn retums 1991 data 1~ 15%
~roMtaga IncretlM In retunw 1993 da~ 08% 1 6%

1J1
Ncl~ ltem!l. In ~I~ ~r~ u$O(/ to de\elop otlItlmll1~ Merr&d 10 as 1993 dabl

18911992 Season .
WrthQl.tt Project With Prot-ct

Grou Gross
Estrmllod EstImated Projoct BenoIit a.n.m

J;sf 'I(, RelUm$ E~lm~ted Est % Retun'\$ t1enelit (1990 ('994
EC (dSJm) YItld (JDldu) EC{dS/m) Yield (JDldu) (JDldu) CroppIng) CroPlllngl

C8Ibbego 131 981J4 155 124 99% 1fi7' 1S86 456 595
Clluflftower 107 100lll. 273 '00 '00% 273 .

Hot Pepper (PH) 100 60':4 GOO 182 8:l% 821 20650 6579 1m
S\W4t P'Pl* (PH 196 60% 692 182 63% 715 23818 9,647 , S5~

BtoAd B4llln 1.90 88" 17 178 90" 79 1 SS4 3308 2~

Slriflg t;lean (PH) 081 97'14 ''10 on 9a"4 415 4656 175 5
Sll1na ~n 179 6!l~ 353 1&6 72% 3S9 15948 2300 60(

Lutlu~ 1 <3 93~ 100 1 HS 95% 193 31~ H22 $715
Spinach 179 94% 269 168 96% 273 3661 538 13-4
Onion 103 94% 124 097 96% 12ij 200t 49 394.
Onion 103 94% 614 097 96"'lf. 6~4 9909 244 1953
TurnIp 165 66'l6 209 155 87% 212 3260 59 ·Carrot 146 8-4% 584 1SS 86% 576 " 823 323 867
C61'1Y)( 1~ 64"16 235 138 881J4 240 4936 135 362
Othtf1J 165 100% 182 1SS 100% 1$2
Othertl 165 1oo'l9 247 155 100'l4 247 ·

Sllb-tota11991 dati 12t.831 00243
Sub-rqW 1993 fhtJI 125043 88343

Toma~o Q90 100% 296 064 100% m ·
Tomato (tun) 000 100'\& 3a3 084 100% 3e3 ·

Tom.to 090 100% 309 084 100'" 309
Tom.fo (tun) 000 100% 1419 084 100~ 1<119

Squ~$h 106 100% 194 099 100% 194 · . ·
Cucumber 090 100% f 000 084 100% 1000 ·

0krI D8 84% 43 115 87% 045 1513 81
C.uftflowtr 000 100% 273 084 100% 273
Slrtno Bean 1ff 6{.\'l4 -410 101 91'" 0424 1357.c 220 23
Slrfng S••n 111 88% 314 101 91% J~" 10 ~g, 189 18
M~llII 128 100'll. 171 115 l00~ 171

MQIokhlll. (PH) 126 1QO'lII, 440 11S 1~ 440
$WMtmtlon 126 100% £13 117 100% 93

eggplant 090 100% 315 06-4 100% 315
I;ggpillM 090 100% 99 084 1oo,*, 99
others 1 13 l00"J6 188 105 l00aA 188
Others 113 tOO'l4 149 105 100% 1<49 ·

Sutrtotal1~1l1 data 220 100
Sub-row 19(13 date 169 96

I
I
I
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Analysis of Extimated Farm-Level EconOmIC Returns (JD)
ResultlOg from PrOject Implementation

Exhlbll75
S~l 012

I 10921993 Season

WIthout Pro~

I
I FRUIT TREES

Cltrul

EC (dSlm'

Estlmlttd
RlIlums EstrmatfKf
(J01du) EC (dSlm)

Est %
Yield

WlthPro~

Eltlmaflld Proj.tct
Rot~rm ~nefit

(JOIdu) (JDldu)

Oms
Beneflt
(1990

Crol'p/ng)

Groq
84ntft(
(1994

CroppIng)

2532

7,108

1585

438

8298

9289

a138

9225

45112

45 749

16227

16851

S0C5t7

15336

19S 181

1524

8279
1645

6123

7,102

44 221

25802

15619

15,324

190~7

~ 113100

784 96 317

0446 79457
n 13754
~84 1S <416

479 76642

240 22763

470 83656

548 98165

389 48 759
580 7<1708

635 81851

570 33 261

85%

91%

67%
87%

85%

85%

80%

91'lf.

113
173

157

163

163

157

157

160

157

160

450
~17

307

223 173

505 173
4tl t 73

386

340 173

402

600 173

600 173

553 t 73

522

249

117

537

74%

7!Wl

70'l4

70%

76%

70%

70%
66%

74%

74%

76%

68%

74%
219

219
219
219

219

206

219

206

206

219

206

:2 19

197

197
197

197

119

lemon

P~,ch

Olhm

Gra:le

Q!hers
Pummolor

MandarfM

MilO TrM.

Bananu

I
I
I
I
I

I
I
I

FIELD CROPS

Gar!k;

OthtrJ

144
Hl1
144

198

100%
87%

100%
100~

17
51

156
50
42

137
153
137
137
15<1
1504

100%
92%
67'lfl
87%

100%
100%

Sub4ota11H1 dlrU
&lb-foe.1199J d.,.

17
~ 2613

237 ~ 486
1513 2988
50 •
42

$ub-tolJlI19i1 data

223272

827

827

280040

2900

203

3203

2828

3103

1280
160

8431

627

3617
207

58285
1<1274

4151

1758

5537

8287

26141

626
216

275

2610
1000

Sub-total 1993 cUt.

95%
95%

100%

l00'l6

100%
100'16

100%

137

140

144
140
1-44

140

1 41
1 41

141
141
141
141587

292

647
820

332

274

275

2581

:2 6213

93%

l00~

100'16.

100%

100~

1OO~

100%
100%

145

149
143

148

148

149

148

148

149
145

148

Tomat(l

Tom,'o

Potato

Po/a'"
Potato

TolTWto (PH)

Cucumber PH)
Cucumber PH}

Autumn

I
I

I
I

I
fABLECONCLVDES ONfOUOWlNG PAGE

I



I
I
I
I ADalyst~ or Extimated Farm-Level Economic Returns (JD)
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••IIJ'!I~..! ,...., "C4IaUlI
1111111111 I I I II I' ,

WlthoutPro~ With ProI&cl

GfOS$ G(OSG
Etflmll.cl E$trmlllod Project Benolit B.ntflt

Est % RtllUIM ESlimafed E$t 'lli Retums Bdnofil (1900 (1994
EC(dSlm) Yieflf (JOIdu) EC(dS/m) Ylafd (JO/dU) (JO!c1u) Cropplng) CrQPpInQ)

C41bb1gt 139 97% 16.3 135 Q8'lf. 164 ton 308 402
CaulrftOlNtr 139 tOO~ 271 136 100% 273 · ·

Hot Pepper (PH) 1 ~7 90% 676 13a 92% ~3 18m 5215 no
Sweet Pepper (PH) 1047 90'14 700 136 92% 799 16879 7~7 t 300

8rolIIId B6an 149 94'14 82 140 96% M t 130 2390 1769
aIling Beell (PH) 1.39 5O~ 340 13-4 62% 3ot6 5~ 207 6

SIring Bun ,.53 76% 392 146 76% '102 10315 1,487 of1
LMtuetl 148 89% 180 1041 90'14 la3 2844 6058 lS,151
SpinaCh ,ti3 91% 278 146 9a% 2&0 2301 34e 87
Onion '43 85'14 112 140 88% '13 1006 26 108
OnIon t ~3 85% 553 140 69% 558 5231 '29 ',031
Tvmtll 147 88% 215 139 89% 211 2~ ,43 .
Carrot 139 85% 575 133 87% 584 8767 239 643
C/lrrot 139 85% 240 '33 87% 2-t4 36GO 100 289

Others 147 100% 182 139 100'14 182
Oth.,-a 147 100" 2~7 1 ~9 100~ 2..7

Sub-total llil dafa 96578 53 91~

Sub-tor.l1PU MC« 1oo~ 55131

Tomlto 146 100% 298 13a 100% 298 ·
Tomato (tun) 1+4 100% 36J 137 100~ 383

Tom,to 146 100% 309 138 1004(, 309
r-----rom.to (tunJ 144 100,. 1-419 07 100% 1419 ·

SQuash 148 100'14 194 140 100% 194 · .
¢UCI,lm~ 144 '00% 1000 137 100"" 1000

om 1$8 &4% 33 154 7e" 39 6 4UI 3<11
CauldiOWflr 1<46 100% 273 138 100% 273 ·
SIring Eloan 163 73'1(, 3of1 152 77" ~ HI 4$3 251 2S

Strlf!9 s',n 163 73% 261 152 n" 273 11661 192 20
Molokhla 196 £12% 158 ,,.. 97% 168 8552 56 045

M9loI<hle (PH} Ua 92~ -«>6 154 97" 426 22027 :!JIJ7 250
Sweet melon 202 100% 93 155 100% 93
Eao~"t 144 94" 2913 1 37 ~% 300 3~ 2631 917
EfIQIJ/.nI 144 94% g3 137 95" 9<l 1206 825 267

~ 161 98% 165 153 100% 1.88 29<43 2,878 488
O~ 181 ~% 1-47 153 1001\4 1-49 2.333 2281 3a7

&ub..fotal 1Q~1 dAt.a 6124 2068
Sub-tor.{ U9J~ 3661 1331

I

WWit (JD) u~ng 1001 ~ta 32& eol 319224

beneftl (JO) using 19$:3 data 439763 4592+4

unit~ (JDldll) UAlnl1tWl data 8268 14806
uM 00t1afit (JDldu) u*Ig 1993 data 1105a 21 JOO

c:ha~ In ctOp fJfooucbofI 1993 d,t. 16% :J5%
ch.ng. In erop productloC'l 1991 data 17% 3 B~

perc.enlaQe In(:l"NU In fttums 1991 dm 19% O~

percantag4 InerNS4 In retufTl1l 1993 data 1 !'Jtf, 51"14

Nola Item'.! In ~n~ arQ used '0 rl<lVltlop ~$t1rnalQS rete<rod 1(1 II' 1003 o'llta l'9b
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Analysis of E:~:timated Fann-Levl,ll Economic Returns (JD)
Resnlting from Project Implementation
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-
19U 119-( Sot..""

WllhoutPr~ Wrth Prof6ct

Gross Grou
Etl/mated E,.rmalod ProJo<;:t ~ 6enofil

Elit ~ Return, E'SlImat&d Est 'J4 RGtums 8eMfll (1990 (1994
EC rdS/m' Y1Gtd (JDldu) EC (dSlm' YIeld (JOIdu) (JOIdu) Cropping) Crol)l)rno}

FRUIT TREES
Citrus
Citrus 244 68% 557 191 81% 861 104 129 221252 226859

lemon 24<4 68% 509 191 81% 604 ~135 51,300 52433
Cfementlnll 244 68% 37& 191 81% <148 70837 18154 18860
Mlndarfn. ~44 $6% 464 191 &1% ~1 86633 63310 63365
Or.Ptf\'U1t 244 7l)/l(, 314 1 91 83% 370 ~673 1n2 1 &43
Pl,lmmal(l( H4 70% 632 191 63% 71.7 114~74 £1932 10197

Othet'& 244 68% 20S 191 81% 2+4 38432 1a,<lST 19360

Bananas 244 51% 300 166 79~ 471 170783 75762 102265

MISO TrM'
Apple 264 52% 272 200 n% 377 104 99Il 3346 3346
ApwfJ 264 52".4 47 200 72% 65 18176 579 579
OraD4 258 T1% .223 179 89% 256 32958 15184 15195
GraM 25B n% ~:z 179 89% 5S3 71107 ~761 32785
f'6aC11 264 52'14 286 200 72% 397 110547 8092 aut
PfJ,ch 264 52% SIl7 200 72% 536 149 455 10940 10966
GUBII8 24<4 88'11. 167 166 870/0 231l ~n2 17.035 20556
Othel'$ 244 58% 192 191 75"" 247 551H 21) 7~7 5317..
Oth~ 244 5fl% ~7 191 75% 511 11-4 120 99 946 156357

Sl,ib-toLl/1911 dtrta 312214 36932..
Sub-rof.t 1993 cu:' 441261 529830

FIELD CROPS
Wlwal 253 100'l6 17 181 100% 17
Maize 25C1 75% 44 189 88% 50 6278 1 il46 6 ..70
Gar11c 243 81% 188 1 61 76% 208 40 102 2724
GarlIC 2.43 61% 112 1 61 18~ 139 ;26831 1.822
Othltrs 263 100% ro 200 100'l4 50 .
O~ 263 100% 042 100 100% ~2

SutHot.ll1 1991 data 1~ 919-(
Sub-tom! f993~ 1846 8293

Autumn
Tomato (PH) 249 88% 516 185 98% 57.. 55818 113481 <1588

Tom.to 249 88% 291 185 98% 323 31380 265~2 10735
Tom/lto(PH) 249 88% 2~ 185 98% :2 763 2e8n1 548 328 22091

Tom.fo 249 88% 268 185 ~% 297 28686 244 385 9882
Sauash 241 100t;/. 275 197 100% 275
EaQplant 2~2 16% 217 179 88% 311 33943 87493 S1679

Eaool.nt (PH 245 76% :2 cea 183 67% 2,m 300 494 63-04 605 :174955

Cucumbolf" (PI-!) 249 35'l6 e4G 165 97% 971 12~ 923 192 663 20~1

Cvcumf>H' PH) 249 85% 1%4 185 97% 2277 293098 452500 .-a 452
Potato 237 n% 243 100 66% 271 28 (i19 1783<l 5625
Potato 2 ~7 75% 220 160 ~% 255 3.5239 '" 1!)3 1357
Patllto 237 Tr% 516 188 66% 578 60001 37687 12376
Pwato 247 75% 519 180 88% 602 83200 980S 3203

TABLE CONCLUDES ON fOLLOWING PAGe
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Analysts or Exthnated Famt~LevelEconomic Returns (m)

Resulting from Project Implementation

Exhibit 7 G
B'-t 2 «2
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1i1l3 19'4 Sellon
Without rrOjeCC With Pr$ct

Grca Gross
E1itImated ESllmallld Pro)tcl a.nofIt ~nefit

Est '" Retums Estimated Etit % Rulums Benefit (1990 (1994
fC (dSfm Yield (J0I4u) EC(dSfm Yield (JO/du) (JOIdu) C~nol CroPPing)

CebbaO& 255 80% 135 189 90% 151 16046 4816 B019
C.l.lrlllowtr 262 90% 246 188 100% 273 27395 26882 23 <ta,

Hot Pepper (PH) 238 72% 538 188 82% 6t! 7-4881 ~385Q 3524
S'NtIOt Pepper (PH) ;l36 72% 519 188 82% 705 86370 34,967 5991

Bf*e.t.n 241 61'l4 71 19'7 67% 76 5612 11 672 a 785
SIring Beln (PH) 245 50% 212 173 11% 2913 e6i16 3108 00
String~n 246 ~ 4155 205 62% 315 59952 8644 2.co
Lett~ 249 69% 140 185 81"11. 165 25391 540604 45981

Spinach 240 67% 241 205 91% 261 13407 ~ 014 503
Onion 2047 60% 79 181 76% 100 20840 S07 -4008
Onion 247 60% 391 181 76" 493 102205 2512 20143
TurnIp 2 3~ 76".4 186 163 83% ~C13 17002 311 .
Carrot ~50 B2% ..15 166 15~ fl:J7 91976 2512 8148
C.rrot 250 6:2% 173 168 75% 212 38397 10-49 2617
OtherS 235 90% 184 183 98.% 178 14075 7,162 14478
OthMs 235 00'li 223 183 98% 242 1~ 107 9723 196504

SutHotal111U data 10400,~ 500 690t
Sub-rood '893 dabl 2196 8e5 ese 003

Tom,to 25\ 88% 2~ 193 97" 2M 25/SSO l;J,97S 1,644
Tomato (tun) 253 88% 336 lll1 98% 3n 40825 .c 7&4 327

Tom.fo 251 56% 272 193 97% 298 26577 24642 1704
Tomato (tunJ 253 86% 1244 161 98% 1,395 151111 17632 1209

$QuaSh 248 1()Q'j(, 194 181 100% 194 -
Cucumber 253 64% 838 181 98% 978 139925 1088

Oklll 263 45" 23 200 63% 32 9238 492
Caull110wer 251 92'" 250 193 100% 272 21 ssg 310
Glrtl\Q Bean 239 52~ 241 \84 68'l4 314 n931 1184 124

StrlftQ S••" 2 ~13 52'74 184 184 68% 240 5$833 &00 Q5

MoIoI<hla 28.3 85% 145 200 !Y.1% 1S1 12310 00 55
MoIokhla (PH) 263 85"Jlo ~73 200 92~ 4015 31705 442 300
Swootm61on 2&4 87% 81 204 100% 93 12001 3900 2912

ElHlplant 253 75% 235 161 67% 27~ .010 090 27,412 9550

EwpJant 253- 75% 74 181 87% 86 12 S69 85g..c 29S4

othef$ 250 88% 166 189 97% 182 16864 18513 279El

OthtI/TJ 250 88~ 131 189 97% 145 13383 13089 2216

Sub-totaI111i1 data 1130'16 19889

Sub /Q,., '9"" tUt6 1o.l 635 13+16

~ (JD) ullng 1991 <.tlItlI 1 924 1:l~ 987681

beoefi( (JO) l.l~ng 1993 dabl 2.7+c 007 1:111431

unit l)eooffl (JDfdu) u~lng 1991 data 4a 38-C ..~ 1519

unit 00fwtIt (JDldu) u$lnll'993 daUl ~O18 5e18tl

chan~ In crop Pfoductlon 1993 data 114% 111~

chango In crop production 1991 dati 11.(% 110%

p.:l1ceola9a IncruM In r.turns • 1991 data 132% 152~

peteOn~Inc:rOot'>4 In fetUiTlI 1993 data 131% 1~ 6~

Note (tllm' In ItaIIC'>i "re u~ tQ dw.J¢p O$tlm;lIWl r..f&tToo to as 1993 datA J?i
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AnalysIS of Extimated Farm-Level Ecol10IWC Returns (JD)
Resulting from Project Implementation

1""·18$6 Sea&«!

WrthoutP~ Wrth~

Oms Grot.t
fBtlmlr.d £stimllted ~ e.nelit BonoIIl

EI,II '" R.turns !:stlmatlXl Est ~ Rofuml: B4ntf1t (1990 (19904
f;O rdSlm\ Yield (JQ!dll) EC (dSlm) Yield (JOfdv) (JDldo) CrOllpIng) CrooPlnc)

Cabbage 181 SI'li 153 142 97% 162 9660 2,n9 3624
CauhllOW(lr 153 100% 273 119 100'li 273 . . .

Hot PClCl)tr (PH) 230 73* 547 188 82% 612 ~8S0 20 SSl 3052
Sweot PaD()8/' (PH) 230 73'l' 631 11}1.l 82% 708 74794 30297 5188

£ir(llld ~,n ~ 19 84" 73 181 00% 78 4839 10230'3 7,575
Strlna B6an(pH) 180 ~'li 290 118 88~ 365 7-4912 2700 75

String Bun 205 62lJ' 315 168 12% 369 53671 7739 215
ke!tYCIf 200 18" ISQ 139 90% 1804 240« 5121e 43542
Sclnac:h 205 91'16 261 166 06% 273 1:l 003 1800 0450
OnI9n 166 80" 104 123 00% 118 13570 ~ 2,674
Ohlofr ,66 8O'li 517 123 9O'l' 584 67100 1652 132043
Tumlp 204 81" 196 165 68% 209 12176 233
carrot 195 73% 0494 1 ~5 82')6 552 157820 1 S79 4242
C,1TOt 195 73'16 200 155 82% 230 24 135 659 1m
Others 204 95% 173 165 100'16 162 9120 <1641 9381
OIhtH's 204 95% 234 165 100% 241 12381 6300 (2735

$Llb-totlliOD1 data 1.004 642 4ot9 054
Sub-total 1993 1»,. f 3~e:;g 0487200

TornillO f ~7 00% 288 122 1QO% 298 11924 11 145 76-4
Tornllto (tun) 187 97% 37-4 1 21 100% 3a3 9630 1,12-4 n

Tom,to 197 96% 297 122 100% 300 12355 11548 792
TomlJlo (tun) 161 97% 1383 1 21 100% 1419 35645 4159 265

Squash 173 100% 194 124 100% 194
Cucumber 187 97.", 967 1 21 100% 1000 33007 2S6

Okrl 229 55% 26 141 6O'l(, 41 13050 69-4
CauJr1Iawer f 97 9:9% 210 122 100% 273 2578 . 37
stnng Sean no 54% 252 136 51,. 377 125509 2037 213
StrfrIQ Be,n 230 54% 193 138 81% 200 ge085 1 SS9 183

MoklktUB 229 ~" 151 1 .. , 99% 189 17 :'s69 113 92
Molokhlll (PH) 229 sg" m 141 99'l4 435 <14786 B2S 509
Sweott m&lon 22El 96% {lg U3 100% 93 3631 Hale 1181

Eoap!ant 187 00% 271 121 9804 308 3e99'2 2S~3 '''''2
EggpI,nt 187 88% 65 121 00% 97 11598 1930 2783
Oth~ 230 91% 171 1 .oil 100% 188 16316 Hl«6 2787
Othttr.t 230 91% 136 1 41 100% 149 13330 13007 2209

SutHouI1$!ll dati 6/! 6().j 15123
Sub-totll/1993 ct.bt 50 787 8881

b4n-'it (J~) UlIlng 1001 data 1408875 865 302
Mno/it (JD) Inlog 1m dab! 1 MO.($3 1091,100

uM b<>neIIt (JDldll) ulll"l11001 dm 35423 <401,J.4
unit~ (JDldu) uslng ,m dabI 47287 ~007

chango In crop ptOductlon 1993 datla 11% 92%
~Ing" In crop produetlOtl 1991 (!lila 7 1"4 93%

ptrcMJtag/;llncruUl 10 returns· 1991 da~ 66% 120%
per~ IncNla:HI In r.tums 1m dllt.a 82ilf, 127%

N¢((l rt~ in italics IOr" ...»<I 10 devEllo{> ~Imal.ml r~&rT«llo ,n. 1993 dll~

EldIlbil 77
S!leet 2012

19'90-1994 AVERAGES
Cl'OOODO P1ttQlD
1m 1m
79? 644 .ca1 822

1 lOO"'~ SIS 001

20 058 22 J4a
27672 26 :571

43% 52"
... ,,% ~3"

49% 6 6"
H'l6 71%
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Analysis of Extlmated Fann·Level Economic Returns (JD)
Resulting fcom Project ImplementatIon

189l1hrs S..IOIl

Wlthout~ WIth Protec<
Gross OlT.*

Elltlmated ~dllTlll~ Proj4et a.~ BtMlIt
Est '14 Rfturns EGlJmlltQd Est % Rll'tlJm/jl Benefit (1990 (1994

EC(dSlm) Y1t1d (JDfdu) EC (dSlm' Yield (JOIdu) (JO/d'ul CroppIng) Crolmlne)

fRUIT TREES
Citrul
Cltru, 208 "17,* 627 144 92~ 752 124857 255290t 2n01S

lemon 208 77" 573 14<1 92'14 687 114073 61629 62.670
CI,menlint 208 77~ 426 .44 92'l6 510 84698 2' 767 22615

Mandanne 208 n,. 523 144 82% 627 104 118 7M13 75978
GraPtlfnJIt 208 7~ 352 144 9'\% 420 67954 2125 2210
P",mmelor 208 79~ 710 144 94% 847 137021 l1,l:l'O 12946

Others 208 77% 232 144 92% 276 48063 22130 232104

e."."1II - .99 67" 400 136 ~ 537 131294 60922 8222S

Mice Tr...
API:~ 220 ~% 343 1'43 90" 469 126217 .e ln2 4022
Appo 220 00% 59 .043 00% 81 21849 896 696
Gra :Ie 208 84% 244 140 904% 273 28591 13,173 '~"e2
O,,~ 208 84% 526 140 94% sea 61689 28.421 28443
Peach 220 66% 361 '43 90% 494 '32687 9.1Z7 97ro
P••cll 220 00% ~ 143 90% 6G8 179659 13151 13.162
OU.VI 199 79% 217 136 !M% 256 <IOns 13895 16525
OtheB 208 69% 229 144 69% 295 68001 35G80 83,758
Oth«'$ 201.1 69% 474 144 89% 611 136 637 l1H41 187461

Sub-total1&91 d.... 33~,~2 3139 296
Sub-lot-' 1993 daf.fl 488328 584,045

FjELD CIlOP$
WhNt 1&7 1('J()% 17 1 21 l00~ 17 · ·
Maize 230 79'% 4tl 141 95% lS5 9310 274. 9flQ7
Garlic 200 71~ 196 150 83~ 229 32708 · 2221
GarlIC 200 71% 131 150 83% 153 21884 - 1486
Olhtl"l '229 '00'14 ~ 1041 100'14 50 . ·
O~ 229 100% 42 1 41 100% 42 · ·

Su~otaI1t91 <hila 2741 11628
Sub--toW 1993 dstlJ 2741 11 093

Autumn
TQmtco(PH) 200 00'1'- 56t 139 1()f.)% 51:\7 26065 52,001 2,142

Tomlto 200 9G~ 315 13e 100% 3JO 14653 123967 15 013
Tom,to (PH) 200 96'16 2701 139 100% 2826 12~ 5G4 255109 10315

TOTTI(lfrJ 200 96% 2'90 139 100% 3O-t 13439 114118 4,614
SqlJa~ 219 100% 275 HI1 100% 275
Eggplant 215 51% 288 '73 89% 315 26255 S7an 39974

Eagplant (PH) 1 91 88% 2355 140 95% 2600 251024 ~19 916 "!iJ7095
Cucumber (PH) 200 ll4'l6 942 139 100% 1000 58333 90058 9643
Cucumb«{PH 200 ~% :2 209 139 100% 23-46 136~ 211m 22625

Potalo 189 66% 270 151 ~3'li 291 21123 13f~ .em
Pot.Co 166 llO'lb 262 123 ~% 285 22se4 :2 661 009
p«_to 189 66% ~3 151 93% 816 «877 r.--. 27964 9135
Pof,ro 188 00% tH9 123 00% G73 633:lt 626« 2M3

TABLE CONaUD€.S ON FOl.LOYt7NO PAGE
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- ------------- - - - - - - -
FINANCIAL ANALYSIS

T---- ----- ---- ---- ----- ZARQA RIVER CONVEYANCE STUDY ---- ---- ------ ---I

JDxl,OOO 1
Equalizing Revenues (1995 JDxl,OOO) 455 Reference Year Cost 5311 1
ConstructIOn Cost (1995 JDxl,OOO) 5311 Escalated Cost 5744 1
0& M Cost (1995 JDxl,OOO) 55 EqUIty Fmancmg 0 1

InflatIon Rate 30% Debt Fmancmg 5,744 1
Debt FinanCing 100°j, Interest Dunng Const 185 1

Debt Cost of Money 60% O&MAccount 58 1
Dlscount Rate 60% Debt SeIVlce Reserve Acc 0 1
Interest on Debt 60% Interest on Invested Fund 0 1
Debt Repayment penod 20 Years Fmancmg Fee 185 I
Fmanclng Fee 30% Total Debt Investment 6,173

----- ----- ---- ---- ----- ----- ---- ----- ----- ---- ----- ---- ---- ---- ------

IYl.ar 1997 1998 1999 :WOO 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 I

Zing Re\enues 0 482 497 512 ')27 543 559 576 593 611 629 648 668 688 708 729 751 774 797 821 846
, Costs 0 58 60 62 64 66 68 70 72 74 76 78 81 83 86 88 91 94 96 99 102

2apltal Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ce 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
latlOn 0 Ib 115 115 115 115 115 115 115 115 115 115 115 115 115 115 115 115 115 115 115

)peratmg Expenses 0 173 175 177 179 181 183 185 187 189 191 193 196 198 201 203 206 209 211 214 217
"Crating Income 0 309 322 335 348 362 377 391 406 422 438 455 472 490 508 526 546 565 586 607 628

Charges 0 370 360 350 338 326 314 300 286 271 255 238 220 201 180 159 136 112 86 59 30
: Before Taxes 0 -61 19 15 10 36 63 91 121 151 184 217 252 289 327 368 410 454 499 548 598
~ Taxes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
~ome 0 -61 39 J5 10 36 63 91 121 151 184 217 252 289 327 368 410 454 499 548 598
al Repa)rnent 0 168 178 189 200 212 225 238 252 267 284 301 319 338 358 379 402 426 452 479 508
low 0 114 102 88 75 -61 -47 32 17 1 15 32 49 66 84 103 122 142 163 184 205
Valul. of Cash llow 0 102 85 70 56 -43 31 20 10 1 8 16 23 29 35 41 45 50 54 57 60

alive Present Value 0 102 187 257 113 356 187 -407 -417 -418 -410 394 371 342 307 -266 221 -171 -118 -60 0
sh Flow

tT1
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~-............ -.....l
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- - - - --Task Name

PRECONSTRUCTION ACTIVITIES
- - - - - - - -- - --- ------

Arrange for Funding

Design and Contract Documents

Contractor PrequallflcatlOn

Bid Preparation

AnalysIs and Award

Order and Furnish Pipe & Ace
-----

CONSTRUCTION ACTIVITIES
----- - ----~-------- - ----- -----

Mobilization

L- . ~._.. _) I

•

[ I

--- -

Replace Weir I I ~

-
~

-- - - -- - ------ ---- - - ---------
Install Right side Cofferdam

---
Construct Right side Weir

---
Install Left side Cofferdam

Construct Lef1 Side Welf
-- - -- --- ------

Construct Intake
---

Construct Desandlng baSin
-----------

Install Pipeline

Construct River Crosstr\gs

Construct Outlet FacIlities

Cleanup

•- •- __---1

Zarqa River Conveyance Study
Jordan Water Quality Improvement and Conservation Project

IMPLEMENTATION SCHEDULE

~go
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00
.....
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Exlublt 91

Effects ofConstructIOn ofAlternatIves on Land Use and DweIImgs

Loss ofCultivated Land (du) Total Area for Plpelmel Dwellmgs

ConstructIon Canal Affected

AlternatIve Temporary Pennanent EProJect (du-) RIver

(One Season) LIfettme) Crossmgs

No-ActIon 0 0 0 0 0

Proposed 163 11 (vegetables) 37 2 6

Project (Vegetables) 0- 0 6 (CItruS) 1 bndge,

Hwaret 1 boned

PIpehne

Proposed 0 Same as Proposed Same_as Same as Same as

Project WIth Project Proposed Proposed Proposed

MItIgatIon Project Project Project

Hwaret Same as 29 (vegetables) 37 2 6

Canal- Proposed 0-06 (CItruS) 1 bndge,

Plpehne Project 1 buned

Thahab 226 70 (vegetables) 66 5 9

PIpelme (Vegetables), 0- 0 6 (CItruS) buned

03 (OlIves) 03 (olIves)



Thahab to Hwaret Hwaret to Abu Zeighan Downstream from Abu
-

Altemauve (52 Ian) (47 Ian) Zelghan (17 Ian)

No-ActIon KAC Imgaooni KAC Imgatoon Partlal-Salme Spong

Inflows (80 Us)

Proposed Same as No- No Flow m upstream Salme Spong Inflows

Act1on. ActIon AltematJ.ve Ulan (150-300 Us)

Hwaret (0-20 Us) - Salme Inflows Increase vs No-ActIon

PipelIne mcrease downstr-eam3

Proposed Same as No- 20 Us m upstream 1 5 km - Same as Proposed

ActIonWlth ActIon AlternatIve Salme Inflows mcrease Project

MingatIon downstream

Hwaret Same as No- Same as Proposed Project Sam~asProposed

Canal- ActIOn AlternatIve Project

Plpelme

Thahab No Flow Same as Proposed Project Same as Proposed

PlPelme (0-20 Us) Project

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

Notes 1

2

3

ExhIbIt 9 2

Effects ofAlternatIves on Zarqa RIver Flow below Thahab WeIr

Flow passed at Thahab won't exceed KAC lITIgation requIrement unless
slgruficant runoff from ratnfaliis occurnng There may be penods of no flow,
however, setthng basm overflow (10-20 Lis) may be released when there IS no
KAC requrrement, but there IS a reqUIrement for ZC I and ZC II
Setthng basm overflow (10-20 Lis) may be released nearly contmuously when
plpehne headworks IS operatIng properly
Spnng flow mcreases from 0 to greater than 100 Lis between 1 5 and 25 km
downstream from The Hwaret WeIr



Effects ofAlternatives on Water QualIty ofZarqa RIver at Sites Downstream ofthe Thahab
Werr and m the KAC-s

Hwaret AbuZelghan Below Abu Irngated Areas
Alternative (52 Ian) (99 Ian) Zelghan (KAC-s at Maadl)

(iO-27km)

No-Action EC 13 - 2 61 EC 14 - 3 1 EC 7-9 EC 12-26
BODs-20-282 BODs 14 - 20 BODs 1+ BODs 4 - 32
NH4 6-8 NH4 2 - 3 NH4 1+ ~ 2-3
N03 Summer 32- N03 Sum 38-54 N03 Sum. 1-3+ N03 Sum 39-53
51 N03 Wmter 55 N03 Wmter ? N03 Wmter 31
NO~ Wmter 57 (See note 4)

Proposed Same as No- EC 6-9 Ee 6-9 Ee 12-26
Project Action AlternatIve BODs 1-5 BODs 1-5 BODs 4 -28
Hwaret (wove werr), NH4 1-2 NH4 1-2 NH4 2-8 mgIL
Pipelme No Flow (below N03 1-10 N03 1- 10 N03--Sum 32...53

werr) NO~ Wmter 31-57

Proposed Same as No- EC 6-9 Ee. 6-9 Same as Proposed
~ProjectWith Action AlternatIve BODs 2- 5 BODs 2-5 PrOject

MitigatIOn (above and below NH,. 1-2 ~ 1-2
weIr) N03 3-10 N03 3-10

Hwaret Same as Proposed Same as Proposed Same as Same as Proposed
Canal- Project Project Proposed Project Project

PIPelme

Thahab No Flow Same as Proposed Same as Same as Proposed
Plpelme Project Proposed Project Project

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

Notes I

2

3

4

Exlublt 93

EC values are m dS/m (= mmhos/cm) Values represent the "typlcar' range m
average monthly EC values for KID over the penod September 1990 - December
1995 Eighty percent ofthe average monthly values are Wlthm thIs range
Chemical parameter values are m mgIL Values are the range of seasonal
(summer/wmter) means (Uruversity ofJordan, 1994, 1995)
Due to lack offlow, water quality effects are not conSidered Ifwater IS present,
qualIty Wl11 be eqUIvalent to that ofNo-ActIOn AlternatIve
Levels ofnutnents will lIkely mcrease With distance downstream due to mfluences
ofrrngatlon returns and hvestock use
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Effects ofAlternatives on FIsh, WildlIfe and HabItat mZarqa RIver

Exlublt 9 4

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

Migratory and ResIdentBIrd
Alternatlve FIsh and Aquatlc Life Vel!;etatlon HabItat

No-Actlon Thahab to Abu Zelghan Thahab to 2 2 Ian below Thahab to Abu ZeIghan Open
Margmal for FISh, OK for Hwaret" Hea'Y)' npanan tamanx Water btrds - Good,
mvertebrates able to tolerate ancloleander Tluck emergentsffi T1nck Coverwater bIrds • Good,
eutroptiic condIttons and l8pla channel, reeds at channel margms SOnglliIds - Excellent, Shorebuds
fluctuatlons m flow and/or saIinrty 2 -S Ian above Abu ZeIghan -Fm,

Channel vegetanon removed, SmaIl Raptors - Em
sparsenpanan oleander II.ao!:e Raptors - Poor

Proposed Project Thahab to Hwaret MargInal for Thahab to Hwaret" Same as Thahab to Hwaret. Same as
Hwaret Ptpelme Fish, OK for mvertebrates able to No-Actton. No-Action Hwaret to Abu

1Dlcrateartroplnc-eondttlons:.and Hwm:et30 Abu..bigbmr Zelghan Open Waterbtrds-
rapId fluctuatlons m flow Tamanx and oleander m upper Good,
Hwaret to Abu ZeIghan Upper 1-5 Jan BrackIsh emergents Thtck Cover Water buds - Fate,
I 5 Jan unSUItable for aquatlc life (recovermg) and grasses m Songbtrds - Good ShorebIrds-
Lower 3.2 Ian OK for fish-and cnannel WIth npaiian oleander m Poor,
aquattc ltfe able to tolerate downstream 3.2 Jan Small Raptors - Fate
bracktsh condltlons Large Raptors - Poor

Proposed Project Thahab to Hwaret" Margma1fm: Thahab to Hwaret Same as Thahab to Hwaret" Same as
WIth Mitlgatlon FISh, OK for mvertebrates able to No-Act:ton No-Actlon Hwaret to Abu

tolerate eutropruc condItlons and .Hwaret toAbuZeIghan ZeIghan OpenWater bIrds-
rapId fluctuattons m flow Moderate tamanxand oleander m Good,
Hwaret to Abu ZeIghan Upper upper 1 5 Jan Bracktsh emergents Thtck Cover Water bIrds - Good
I 5 Jan margmal for fish and (recoVerIng) and grasses m SongbIrds - Excellent, ShorebIrds
aquallc Itfe able to tolerate channel WIth sparse npanan -Fm,
eutropruc condlllons and low flow oleander downstream m 2 5 Ian Small Raptors - Fatr
Lower 3.2 kIn OK for fish and above Abu Zelghan Large Raptors - Poor
aquallc Itfe able to tolerate
bracktsh condlllons

the Hwaret Canal- Same as Proposed Project Same as Proposed PrOject Same as Proposed Project
Ptpelme

Thahab Ptpehne Thahab to Hwaret" UnSUItable Thahab to 2.2 Ian below Thahab to Abu Zetghan Open
for Fish OK for mvertebrates able Hwaret Moderate npanan Water bIrds - Fate
to tolerate eutropruc condlllons tamanx and oleander Reeds m Thtck Cover water bIrds FaIr
and frequent penods ofdesslcatlon channel SongbIrds - Good ShorebIrds-
durmgwmter 2 5 Ian above Abu Zelghan Poor,
Hwaret to Abu Zetghan Upper Bracktsh emergents (recoVerIng) Small Raptors - Fatr
I 5 kIn as for Thahab to Hwaret and grasses m channel WIth sparse Large Raptors - Poor
segment Lower 3.2 kIn OK for npanan oleander downstream
fish and aquallc Itfe able to tolerate
bracktsh condltlons
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ExhIbIt 9 5

Effects on Human Uses ofthe Zarqa RIver and ill the Areas Imgated from the KAC-s

Hwaret to Abu Below Abu Imgated Areas
Thahab to Hwaret Zelghan Zelghan (42,OOO+du)

AlternatIve (52nverkm) (47nverkm) (l7nveikm)

No-ActIon Irngat1on~ Moderate Irngatlon Moderate- IrngatlOD Not IrngatlOn
RestnctIon - one user Severe RestnctIon - two useable Moderate-Severe
Pastorahsts "Very users Pastorabsts RestrIctIon - lOO's of
SatIsfuctmy" (Occas1onal Pastorahsts· "Very IlSatIsfactory" or nser:s
No Flow) SatIsfactory" or "Lumted Use" Pastorabsts "Very
Bathing- None "SatIsfactory" BathIng None? SatIsfactory"
Washing Lumted BathIng At Spnngs WashIng SUltable BathIng None

Washm~· L1llllted W-ashm~ None

Proposed Same as No-ActIon IrngatIon No Flow - Same as No-ActIon IrngatIoD Moderate
Project iwousers (flow volume RestnctIon - 1DO's of
Hwaret Pastorahsts 15.km- mcreased) users
Plpelme No FloW; 3 2 Ian - Pastorahsts "Very

"SatIsfactory" or SatIsfactory"
"Lmuted Use" Bathmg None
Bathmg At Spnngs WashIng None
Washm~ SUItable

Proposed Same as No-ActIon IrngatIon Same as Same as Proposed Same as Proposed
Project WIth No-ActIon ActIon Project
MItIgatIon Pastorahsts 15km-

"Very SatIsfactory"
3 2 km - "SatIsfactory"
or "LIunted Use"
Bathmg At Sprmgs
Washmg SUItable
(lower 3 2 km)

Hwaret Same as No-Acnon Same as Proposed Same as Proposed Same as Proposed
Canal- Project Project Project

Plpelme

Thahab IrngatIon No Flow - Same as Proposed Same as Proposed Same as Proposed
Plpelme one user Project Project Project

Pastorahsts "Very
Sansfactory" (Frequent
No Flow)
Bathmg None
Washmg Lmnteduse
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Exlubit 96

Average EGs (dS/m) m the KAC-s for Vanous Growmg Penods
"Without" represents the average ofobserved monthly average values, "Withll represents the

predicted value that-would have occurred had the project been m operatIon

Year Annual Average Ee SEPT-FEB Average EC MAR-JUN Average EC

(Wmter Crops) (Summer Crops)

Wrthout WIth WIthout WIth Wrthout Wrth

1991 190 178 220 217 189 180

_1992 120 112 146 138 113 105

1993 197 163 139 133 1 81 153

1994 244 1 {j(j 250 186 250 189

1995 199 136 195 155 230 141
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Task Name

PRECONSTRUCTION ACTIVITIES

Arrange for Funding

DeSign and Contract Documents

Contractor Prequallflcatlon

Sid Preparation

AnalysIs and Award

Order and Furnish Pipe & Acc

CONSTRUCTION ACTIVITIES

Mobilization

Replace Weir

Install Right-side Cofferdam

Construct Right-side Weir

Install Left Side Cofferdam

Construct Left Side Weir

Construct Intake

Construct Desandlng baSin

Install Pipeline

Construct River Crossings

Construct Outlet FacIlities

Cleanup

May I Jun I Jul I Aug I s~p I Oct I Nov I Dec I Jan
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Zarqa River Conveyance Study
Jordan Water Quality Improvement and Conservation Project
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GEOTECHNICAL APPENDIX
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INTRODUCTION

ThIS I eport pi esent~ the re<;ults 01 the geolechlllcal investigatIon for the
pi oposed site 111 Delr Alia

I 1 Purpose orStu.Qy

The pUt pose of thiS 5ludy l~ to determine the
"wrace and subsurh1ce conchllon" a[ the PIOJcct Sltc ,md
thc phYSical and mechanIcal PIOPClIIC:' 01 the found,ltlon
glound m 01 dcr to pi oVlde the 5tlUCtUI al cngmcer wIth
suffiCIent mrormahon rOI the c!ec,lgn of 1110<;t sUitable and
5ale loundatlons

( 2 'lcopc OrWorks

1 he scope ofWOI k consl<;Ls of thc followmg

Collectmg II1fOrmatlon and map<; pat tlcular to the
pi oJcct Sitc 'luch as pubhc serVlce'l, 'lIte plan
,md land usc I11dP~

2 Makmg VISILc; to the sile Lo collect 1Il10nnaLIon
aboul pi csellt land 115e ~UJl(ICC topogl aphy,
geologIcal reatm es ,md SUI face III amage

1 DIllhng of cIght hOI choles and ~al11plmg of
CltSllll bcd and llndlstlll bed sclmple'l

4 Ccll rymg out the nCL,e<.,..,al Y !'Ibor ,llOlY tC5t5

c; Pel lor I1llllg cllglllcUlng ,1IlaIY~ls 01 field and
labOialOly finclmg<.,

6 I)evclopmg conclu'llon", and I eWl1lmelldatlons 101
loundatlon dcsign and con<.,tlllcLIon

PI~O-'-[Cl 01 \CRIPTION

rhe pi 0lccl con'll~t 01 a plpc-1111C ,md Ib clssoslaled s[ ructllI C~ to
l .II I Y pall of the Zm qa nvu walcr ( 1,11,11 D,II11 out Ic( walcl) 10 ~CPaJate Il

<,.lltllc bcl<.,e /low watc!
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40

SITE DESCRIPTION

Thc SUI ficmI ground IS COVCI cd Wllh wadi dcposlt~ composcd of sandy
silly clay wIth gravcl and cobbles of !Jmc~toncand chcl l

No e1CdrIC.11 01 telcphone polc~, ~e\Vel 01 wdter plpCS WCI e observed
wlthlll the ~Ite aJ ea Ilowevel elcdlll,lly ~lIlcl w(ller ~ervlcc~ ar e pi oVldcd 101 thc
<llea

AccOl dll1g to the geologll,<ll IllclpS 101 DCII Alia <11 ea and followmg OUI

IIlSpectIOI1~, the genelal site (llea belong,,> to thl, AJlun Group, Na'UI IOll11alOn
(A 1/2) which IS mal111y fOll11ed of llllle,>tone malls, clays, marly clay, maIly
Iimv;lone and occa'>lonally shales No l(llIlb 01 01 hCI ~pecldl geologIc fedturec; WCI C
observed althe site

A genelal Sill, pldn "howlng thc location 01 thc bUIldIng and bOldlOles 15

pI e,,>cnled III figure no 1

rIFLD [XPLORATION AND LAI30RAIORY rESTlNG

4 I [~Icld ExploratIon

4 I 1 DnlIlI1g

On lan 20 and 21, [996 clght boreholcs WCI Cdrilled at the
c;lte The bOl eholc~ ar c numbcl eel Ithlough 8 ,mel thcy were dlilled
to a depth 01 60 m each below lhe C\.lstIllg ground surf,lcc,
Iespecllvcly The [Oc,llions 01 Ihe bOl ehok~ ar c shown 111 fi~ul e no
I

rhL dlllllng W,l'> e,",ewtcd With II,md~ I nglcmcl-DIIII
Master 18 rolcry Ilg, mounted 011 Mercedes LK 60S, I ruh., capacity
= 120 Ill, u~rng the Iotal y €Ill lluc;h drIlltng l11ethod The logs 01 the
thl ec bOl eholes ar e pll,'>cntcd 111 Appendix A

2
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4 1 2 Sdl11phn~

Becausc oj the IMI d <111<.1 nll\.cd naturc olthc matcnals

encountercd 111 all the bOI eholes, only dl5tUI bcd and split c;poon

samplcs WCI c obta1l1cd uSlllg down thc hole hammci fhc samples
rccovcred wcre examll1cd de5cllbed <md c1asMfied by our
geotcchlllcal eng1l1cel S, placed 111 PIOPCI scquence 111 woodcn boxes
and takcn 10 our labol atollCS [01 lcc;llllg 1hc mOist samplcs were
placcd 111 walcl pi 001 pl<lstlc bng.." bel 01 e plaung In woodcn boxes

4 I 1 Jllcldl cc;[lIlg

Standmd Penclldllon 1 csb (S P T) WCIC pelfolllled at vanous

depths III 1110c;1 bOl eho1cs [0 obtaIn applo\.lmale I elaltve densl[lcs of the
glound n1<ltclla!c; 1he 1<..<.,1<., Wl.l C pl.Ilolllled tIl <lCCOI d,lI1cC wIlh

L.lbol (llory re~tmg

In 01 der to delu mlllc the phY~lcal dnc! mechalllcal propelllcs of the
glOund malenals l<1bo[ alol y lcsl.." weI C perloll11ed on <.,elected samples
ft om thc bOl eholcs rill- lollowmg Ic..,,[ e" werc pedormed dCCOI cllIlg to
Amcllcan SOClcly 1'01 Tcslll1g And M<llell(lls (AS rM) Standards

A~TM 0 2216-80 "Llbol atory Delell11ll1<llton Of Watci
(MOIe"llll e) Contcnl 01 Sod Rock And Sotl Aggregdlc MI\.lurc<.,"

2 A~l M 0 4118-91, "Tcc;1 101 LiquId LlIlllt Pla~tlc L1111ll and

Plac;llclly Indcx 01 <;011"

1 A <;1 M 0 422-63 (1990) "Pal t Idc.." SIZe AnalYSIS Of ')otl..,"

4 A') 1M C 136-91 'Mc[hod l 01 ')ICVC An<1lyslc; 01 r 11K and COal ~

Aggi Cg,ltC"

B 'J 1177 P(lI I 1 1990 [c<,t ') , DUCI I111l1clliOn or l hc <,ulphat<.. Contcnl

or 'JOII J\nd GlOlInd Wdtl.l (11,lVlllll-11IC l11c1hod 101 aud c\.tl<lch 111

wlllch lryc!l oeh10llc ,1Cld \V,I,> lI'>lcl

6 13 <; I 177 Pm I I 1990, Il~l 7", DUl! I11lnalton 01 I\clcl- ')obuble

Chlollclc Conlcnt" NIIIIC auel \V,l<" u~ed

7 B S I177 P,ll l 1 1990 1L"( <) Dc..lci 111111<111011 01 l he pll V(due

8 1\') 1M D <1371-84 (1<)90) '-.1,llIL!,lld rc..,1 Method lor C,tlLl/1ll Cllbonale

of ~od..,'

fhc I C'llllt~ or the tC'lt c; I [hi oll~h 4 (II e C;lIl1llll,lrtlcdln I <lblc No I GI am
<.,I/e ellC;t Ilbutlon cha! ts (II C plottul Oil fi~ure 110 2 (,hu11lcal Icc;t [CC;U lts (Tc<;ts

11 om ') thillogh 8 ) ell C pi cscn[cc.! III I elhlc No :2



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

TAI3Ll.!: No 1

LABORATORY 'I'ESrr RESULT
S95014

BN D Bd M/C ATTERBERG PARTICLE SIZE UNCONFIN TRIAXIAL
(m) (9/ ( %) LIMITS DISTRIBUTION TEST TeST

crn~3

TJL PL PI GRVL SAND Slur CLAY qu F SL C cI>(% ) (%) (% ) (% ) (%) (% ) (%) (Kg/ (% ) (Kg/ ( 0 )

cm2) cm2)

1 0 5 1 '.1 2

1 5 15 6 22 6 17 3 5 3 2 2 61 5 31 5 '.1 8

2 5 10 6

3 5 13 6

4- 5 6 3

5 5 4- 3

2 0 5 14- 5

1 5 15 5

2 5 4- 9

3 5 4- 2

'.1 5 8 G

5 5 11 0

1 0 5 1J 9

1 5 11 9

2 S J 9 22 6 6 8 15 8 79 0 18 3 2 7

1 5 10 9

'.1 5 0 J

S 5 2 H

t] 0 S 10 0

lIN Borlnq Numbc\- LJJ LLquld LLJOIL C CoheSlon
I) [)('P l !l PL PLclSllC I J I In I l (I) frJcllOn Angle
I\d Bulk Densily PL PJi1sllclly 1nclcY M/C MOJsLure ConlcnL
<ill Comprl'<,sJve S l n:-l1g Lh 1 bL ),ll]ULC ')lraLn



I3N D I3d M/C ATTERBEHG PARTICLE SIZE UNCONFIN TRIAXIAL
(m) (g/ (% ) LIMITS DISTRIBu'rION TeST TEST

cffi~3

LL PI.. PI GHVL SAND S [ur CLAY qu e st C ~)
(% ) (%) (%) ( %) ( %) (% ) (% ) (Kg/ (% ) (Kg/ ( 0 )

cm2) cm2)

4 1 5 10 0

2 5 9 1 38 7 18 6 20 1 o 8 17 9 52 6 28 7

3 5 6 2

4 5 14 0

5 S 8 1

5 0 5 10 2

1 5 13 6 20 0 13 5 6 5 1\6 3 33 9 17 8 2 1

2 5 9 2

3 5 4 9

'1 5 5 2

5 5 4 6

6 0 5 6 8

1 5 2 1

2 S

3 5

t1 S

5 5 5 2

7 0 5 1 2 5

1 5 12 J

'l'AI3LF No 1

LABORATORY T~ST RESULT

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

BN
D
Ikl
qu

~01 100 Number LL
DcpLh PL
nulk Dens.lLy PI
COffipresslve SLrengLh

LlquLcl LJlffil L
PlasLlc LlffilL
PlasL1CJly rndcA

C
(~

M/C'
F sL

S95014

CoheSlon
J rlcLJ on AnC]le
MOlsLure ConLcnL
iaJ]ure SLnlln



BN D Ed M/C ATT:CRBFRG PARrrJCL~, SIZ:C UNCONFIN TRIAXIAL
(m) (g/ (% ) LIMITS DISTRIBUTION TEST TEST

cm A

3
LL PL PI GRVL SAND SILT CLAY qu F st C ct>
(% ) ( %) (%) (% ) (% ) (%) (%) (Kg/ (%) (Kg/ ( 0 )

cm2) cm2)

7 2 S 1 '1 2

3 f) 4 3

4 5 7 1

5 5 4 6

8 0 5 8 6

1 5 6 B

2 5 6 2

3 5 5 3

4 5 8 2

5 5 4 9

LABORATORY TEST RESULT

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

BN
D
ud
'Ju

Uorlng Number LL
neplh PI..
nulk Dcnslly PI
Compresslve SlrengLh

'l'ABLE No 1

LlqUlcJ LlmlL
P]asLJc [dffill
P]asLlclLy lndcx

7

C
<1>

M/C
r sL

S95014

Coheslon
f'rl.CllOn Angle
MOJsture Conlent
Fallure SLrclln
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60 CONCLusrON~AND RrCOMMENDA I tON_~

Accot dlllg to ficld and labOl atory II1vc~tlgatlons, ~ubsUl face conditIOns,

cngll1ccllllg analysIs and practIcal expCllence, It can be concluded thdt the proposed

proJcct bUlldmg can bc satIsfactol r1y ,)UppOI tcd by thc ground at the sIte, proVIded
that thc followmg rccommendatlons at c followed

6 I FoundatIOn Depth And TY1)e

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

62

61

1L IS Iecollllllcnded th.lt lound<llions bc Imd on the wadi dcposlts
composed of sandy <,l1ty day wIth gl dvel and cobble<; of Irmcstone and
chclt

The foundatIon depth Ill<l)' val y accordmg to the architectural
rcqulI cmcnts but should not be Ie.,., th.m I ') III below the fil1l<;hed Icvel of
ground surroundmg the structUl <..')

This foundatIon gl ound I~ SUItable to SUppOi t thc structures loads on
mellvldual footmgs WIth tIC beams Stllp footmg') may also be used tf
IcqulI cd

Allowdblc ncallllgJl~,)<;lIIe

No undistul bed ~alllp1c') coulc! be obteuned at thc SltC 101 ~trcngth

tc~1tng bccausc of thc h.u eI, 11lIXCc! .lIlcl mlCl ealat(..(1 natul c of the malenals
cncountci cd [[OWCVCl thc allowable bcatlllg pt C~SUl c was e~tlll1aled

based on the Iesulls obtall1ed fi om ~PT and accordlllg to our prevIous
expellence With slmtl.u mcltcllals Accol cllngly an allowablc bcanng
PIC<;<;U1C valuc of2 3 kg/cm2 IS Iccommcnclcc! fOI thc wholc SltC area

Short tCI m <,cltlmcnt., wleh COli c<;poncl to the ce,llmated net

allowclble bcm IIlg pi CSSUI c, will be cltstoilion settlement due to thc 111Ixcd
and hCtlOgCl11ty ofthc wadI e!ep<;ll<; Ilowevel IllS cxpccted lhat mosl of
<;ctlkmcnl wl1l tclkc plcl('c durlllg con<.,llllc,[lon ancl ')hollid bc accounlcd fOI
clCCOldlllgly No applicable long IeI'm (wne.,ohdatlon) <;cllkments ofthc
IOllndatlons al c antlcqMtccl <,[llLC Ih<.. <,lIhe.,llI f.lcc ~oll <., al c composcd mal1lly
of gl,lIlulat l11atcllals I hu dOl conly ')holl lCll11 ')culcl11ents has bccn
COI1C,Ie!CI cd duc to thc gl clmll.lI IlcltUl C o( thc ')ub~ur(clce matenals
CI1COllntcl cd fhls settlcmcnt Ie., c\.pcctcd 10 be e.,I11,t11 lll1lform and wllhlll
lolel dblc Itmll<;

It IS cxpcctcd th"I lhc C\.Cdvatlon will bc thlOugh thc wadi
dCPO,)lt5 mellel wls I hL! cl 01 Cpnlumclt IC nl1c1 mcchalllcal eqUipment such
.1~ lack hammcl s 'Illel 10(,1.. hi e.lkll" wJll bc I eqUlred In nddltlon to
cal1venllonal c\.cava(lon cqulpment <;uch ,1<; laadcl ') and hullcl07cr')
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T.lbll' No 3

1\1 ller 1.11 ) ype'i .1Ild Pr oflrl hl''i

Aplll 0\111I IlL Ikfl(h GUlIlI~IC ()L.,UlplwlI ~1I11l1ll1l' III IL"( RL\UU\ M I(UI II CI ".,lrK Iholl

- (111)

I 10111 0 0 10 (, 0 III UO([OI\l W Id( dcposlle composed of M/C 01-1'i (lex, Tc S.lIldy sJll (0 51J.ghlh
01 III bOiehoks blOwn [0 IIgh[ blO\\ 11 S md" (" o ()-.:!(, 1% d,lyey s,lIId 10 silly d Iy

sJlly c!,ly \\ llh gflvc1 wei S 17 9-79 0 Iy.. wllh sand
cobble'> of IImeslone IIId M 17 ~-'i2 6% P Low 10 Medllllll
chell C 2 7-2~, 7% PC Low [0 Medlllll1

LL 20 0-lX 7% RD Muhlll1l 10 VCIl

PL (, X-IX (l% dellsc
PI 'i 1-20 1%

N 11- ~
21L111

M/C MOI~llll C Conlcnl
(II Gl(lvcI
S S,l11d
M <)Ih

(' Clay
D Rock QualIly Dl,~CllpltOIl

I L Liquid LlIllIt

PI Pla~lIclly Tndc"..
PL Pla..,lll, LUll!L
I ( 1c""llll.ll Cld<;..,lflcdtlon (1-01 (ladlon pa<;"'I11~~ ..,(("ve 110 10)
PI Potclllwl fOI [xpal1~!vencss

p PI(I~tluty erO! [, clellan pa~~lIlg SICVC no LIO)

I
I
I
I
I
I

<"'cc r egcnd10 BOlln~ logs, Append!\. 1\
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TEXTURAL CLASSIFICATION CHART
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SYM E3N Sf>IIPL[ DCPTH LL Pl_ PI CUS~IFICATION PLA~TICITY

No ( m) ( ~) ( )5) ( x)
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~ulphaLc wlltLnt C\.PI L5'>Ld .IS ,>ulphlll lt IOXldL (SO]) for 5011

,mel water samples tC5tLd f10111 bOi cholcs ,md arc shown III Iable no 2

~ulphatc ,l!l,lCk to concl eLL I'> well documcnted phenomclM and

I'> caused by thL prL5cn(,L ofhl~h Sulpllclte content elthLr by the mgrcss
of Lhc Sulphatc of lhc '>lIIloundlllg LIlVIIOnlTICnt, such a'> foundallons
solis or by thc PIL'>U1Le of~ulphatc III thL conclcte IIlglcc!lcnts, such as

LhL sand 01 ,lgglCgaLL or both Thc dlt ILk ILsu!L5 III a con<;ldcnblc
Intcll1al cxpanSlon w/lleh 1l11y Ie ld (0 U lLklll~ lIld dlslIltegr,llton of (hl
conclLte

lhc BIILI5h ')tallCl,lId<., 13<., ')128 Part J 1990 "GuldL to

l)pcclfylllg Concl Lte" have sLatLel ILqUlI LI11Lllt5 fOI concrclc c\.posed to
Sulphate aUack, cle. pcndIllg III thc conccntr,lflOll of thL Sulphatc III the
SUI roundll1g sorl or III WcltU I hl5 I LqulI CIl1Lnts 5tcltL thL type of eell1cnt

to bL uscd, thc IllmllllUIl1 cClllcnL contcnt, and maXlll1Um flcc watcl to

CLment I alto Addltlollally, the l31ltlsh 13l1lldlllg Rescal ch L<;tabilshlllcnl

(13RI'), III UK havc publJ,>hul dlge5t 2')0, "ConclctL III Sulphate beallll~

<;011<; anel gIOUlld walet,>" I ()81 In[loducll1g ,>lIghl altulllLIVL-5 to lhe

I CCJl1lI cmcnts

Due to the Sulph ILe wlltUll PIL5(,J1t 111 thc foundalloll5 5011, thl5

~I(e IS classlficd wlthlll das'> (I) a5 calegoflLccllll both DS '5128 Pal t I
and [mr c1lgC5l 2')0 "GlIlelL to ~pLufYlllg Concrele"

No SLpClcl11 LClllll ClllLllf<.. (,ollccrnlllg thc cUllcnL type mel
cont,lct and watcl I aLlO al e "pLCI fiedlll both B') and BIU ,>peclflcalloIl<;

1 hL (. hlol Idc eonlll1 1 101 thL (c<.,led '>011 '> lInplc,> ,Ill al'>o

pi L',LlllLdlll l.lbl<...5 no :2

ChlOlldcs do not I c let l \.IX1Il5lvcly wllh POll1,lI1d CUllL1lt 1S do
:,ulplntes 1 hur cffecL whLl1 PIL~Cllt In conLletc I:' lo IllCIC1:,C thL r1'>k
of corrOSlOll of l mbceldcd metal'> of which thc gl catc:,t volume u'>eell'>
'>ILd ICIIlfOl CCIllUll I hl y L 111 bL tokl cllcc!1Il p/llil wner etl- ,IILhough
whcn prescllt III Imgc c111101l1l[ '>OIllC '>urf,ICC c!c1mpllc<,<" IIny rC<;lIlt but

\VlclL~PI cad and '>LlIOll" d1Il1,lgL h,l,> becn CJu'>Gc! by thl- U"L of

chlollc!e-cOllltlnlllwtcc! l,g gl L~ I[l-'> III ILlIl r01 eLd caner elL
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fhe COrIOSlon plOdu(,(s occupy morc than 1WIce the volume of
steel, and thell [0I111a110n can bl- accompanied by pressure'> as great as

32 N/mm2, rcsullmg 1I1 clacJ\mg of the concrete, frequently followed

by sapllllg or the covel In ~cvel e cases of corrosIOn 1here may be a

IeductIOn 111 sectIon of the IclI1forclIlg bars, Icadlllg to a loss of tensIle
Stl ength of the conCI ctc

Adehtlonally, It I~ ,ldvJ'>dbk Ihdl conudc covu [01 IhL. ~1L.c1

rl-lllforccll1cnl bl, lIlcrul<;cd III Ihl- SII U(,(lIl CS 10 protccl IhL stcd frolll
thc mgl ess of thl, chlOlldl-'> pll-<,ull 111 thl, '>un ollndlllg LI1VII OIUllLnt
~urrdLe plOtl,dlon IIld <,L t1l1lg or IhL LOIlUdl- mel ,>tl-d '>hould 11,,0 be
cOllslducd

SII1CC COIIO'>lon can bL 1Ililidteu It lowcr chlondc level III

Sulphate resl~t1ng POI lland CCl11L11t conclctc lhan In ordlllary Portland
ccmcllt, the U~l- of ~lIlphatL JLSIStlllg Porlland cemcnt blcnded wIth a
poz7olalllc malclla15 c 111 IcduLc lltc Iisk of damage bLlI1g c lusl,d by
<)lIJphatc conl,lI11lllalcd dggll,~ales If chlorIdes arc also plCscnt thc
lISl- or Su[phatL-1 CSIStll1g CCIllUlt may IIlcrc(\~c thc nsk of corrosion of

IClIlfOi cll1g stGCI

1 he chlolldc Ion wnlcnl JI1 lhl. conci ctc cxprcsscd by wClght of
ccmcnt contcnl should be Ic'>'> IIt<1I1 thc 1111111 spccdicd 111 I3 <; ')128 of
o4% fOJ 01 dlllmy POI llanc! LCl11Cnt and of 0 2% fOI SlIlphatl- rcs[stlll~

CCl11cnt

GIOUIle! Wiltcr Aile! Cavltlcs

No frce glound walel 01 eavlllCo., WUl- cneountclcc! In ,lilY oj the

bOI eholcs (0 the depth~ dlilled

Pal tlal los 01 air CIf culallon (wilhout ell op of dllllll1g 100[0.,) wa<,
ObSCI ved fi 0111 2 ') to 5 Om 111 bOI cholc No 6 whleh l\lel!l-a1c that all VOlO::'

l11<!y cXI~1
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CONCLUSIONS AND RCCOMMENDArIION~

ACCOl ellllg to field and l<lbol <l lOI Y II1vcstlgdhons subsUi f<lce COndlL!on,;,

cngmeet mg analY~ls ,llld pI achcal expenence It Cdn be concluded that the proposed

ploled butldlllg can be satl~r.lctonly ~uppOt Icc! by lhe glOund at lhe ';lle, plOvtded

111,11 (he [ol!owlI1g Iccol1lmendatIon~me followed

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

61

62

(, 1

It IS !ecoml11cnded th,ll fOUllddllons be laId on the W<ldl deposiis

composed of sandy "llly day with gl<1vcI dnd cobblcs ofhme~loneand
ChCIl

fhc foundation deplh llIc1y Vell y aCCOI dmg to the HI chllectural

I cCJUlrcments bul should nol be les,; tJ1<1n 15m below the fil1lshed level of

glOulld ';1II1 oundlllg lhc ,>llUctUI e'>

ThIS {ollndat lOll glOlind I~ <;Ullelble to suppoll the ~lluclUlc<; 10clds on

mdlvlc!ual fooL!ng~ wllh llc bedl1l~ \11 Ip footlllgs may ,lIso be u"cc! 11
I equlI cd

6110wable I3eallll£-PI C55U1 e

No undl.'>tlllbed <;clInplr<, could be obtallled allhe .'>llelol ~tlcnglh

te~llllg becausc 01 lhe h,lI d Inl,cd and 1111<..1 calaled IMturc of Ihc malenals

cncOllnlcl cd I 10wevcl, (he allo\V'lblc beallng pi C<;'>lII C Wel'; csllllltltcd

b,l~ed on Ihe IC.,ults Obt,llllcd II00n \P I dnd deCOI clIng 10 OUI pi CVIOU~

e'pu Icncc wllh C;11ll11,1I mellClldl<. AeCOl dl1l31y an allow<lble bC<l! IJlg
')

j1ll.,\UI C Vet!UC 01 2 1 kg/clll~ I., Iceo 111 111 cndcd 101 the whole ~I(e ,11 e..a

')11011 tCI 111 <,clllmcllt~ Wlch COil e5pond 10 thc l~llIl1aLcd nct

allo\Vdbk beat IIlg pI C<;';UJ e will be dl,>toltlon selllcmeni due 10 the.. mlxcd

,111el hlllOgcllIly ot thc wadi dcp<;lt<; II0wcvcI It 1\ c,pectcd that 1110st of
.'>dlluncnt willtdkc placc dllllng eon.'>ll udlon ,llld <,hould be accountcd for
,1(..COldlllgly No 'lpp!le...tbk long (um (lon<;ol,deltlon) <,clllcllI(,(ll<, 01 thc
(ollndaLIon<; HI e an! Iupdted '>111CC thc <'ub<'lIll,lcC <,od<; al C compo<;cd m'lInly

o[ c;lanuldl malcII,I!'> I hClclOlC only ~hOll tClm <;uLlcl11cl1t<; ha~ bCll1

LOI1<;ldu cd duc 10 the gl,ll1uldl l1,ltUl C of the SUb,>Ul (,le..C matcrlal,>

cneollntcled I hl\ ,>eulcll1cl1tl'> c"'-pectcd 10 be <;mall, unlfOl1l1 and Wllhll1

tolll elblc 11I11I!'>

II 1\ e,pec..lul IIMI thc c,cdvallon wIll bc thlOligh the \'IMII

dcpo\l[<, 111,lt("[I,II" [hUcJOll pncun1<ltle.. 1I1d Inu,ha 11 le..d I equlpmcnt "uch

d<, j<lck hal11ll1cl<, ,1I1e1 rock ble.."ku<, WIll bc requltcd 1Il "eldl!IO[1 to
convcnllonal CXCc1Vel[ Ion CqUIJ1ll1l [1( ....u<..h <1<; IOddcr <, ,1I1d bulldo/cr'>
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To Il1l11lmlZC thc lI1c.,tdbl1tty pi ohlclll'> thc tcmpor,lI y cxcavatlon

~Idcs ~hould bc cut elt ,I fdCC IIlclllldtlon not 'ileCpCI tlMn onc hOI [/onlal to
two vCllleal (11 I 2V)

II thc<,c ~Idc slope,> c<ln nol be. d<...hl<...vullol Ill.,UOIUL11t !,ltCI,J! dlc.,l<lncc 01 lor

<II1Y othc! 1ca~on, tcmpol al y 1,ltCI dl "UppO! t (ShOllllg) ~y~lclll WIll bc nL.CC'iS,lry

It IS Iccolllll1<...ndcd to plotL.L.l [hc [oundaLIoll glound <Inc!

C\.CdV,lllon 1101ll ~Utl,IC<'" w,ltu both dUllng ,md dltCI con,>tl u<...tlon by

pI oVldll1g plOpCI drall1agc ,mel pI ote<.,[ Ion c.,yc.,[clll

I
I
I
I
I
I
I
I
I
I
I
I
,I
!

I h<... w<lch lll<ltCllclb gcnu Illy al c gcnci dlly consldcr cd c.,ult,lblc 101

backlilllllg purpo'ic,) Ilowevcr thc Iin<ll Ckclslon .,h,1I1 bL. t,lkcn dunng

conc.,[ I uLllon

Thc matcl tal<, to bc uscd IOJ bac!dilllllg plll posc'} undel bottom

sldb ancl bchlllci unclel glOund wdllc, ')hclll be a sod or sod-lOch. 1111XtUI e which

I') 11 cc II 0111 01 galllc 11ldllCI 01 01 hCl c!cJc[ellouc, c,llbstanec'> It '}hall not

contcllll locks 01 lumps OVCI I') L.m rn gI calc~l dlll1cn')tOn <Inc! nolmol c

than 1') pClccnt Ialger than 7 un fhe plac.,[lclty lIlc!cx fOl [hc baL.kfill

matcrm! shall not be morc th'lIl 1') pClcent It <;hall bc c.,plC,ld Illltns not

c\.cecc!lIlg 25 CIll IJ1 uncompactcd lhlck nc<,'), mOI<,tlll c condilloncd to I[ '>

OptllllLlI1l mOI~llll c wntent <Inc! compactcd to d dry dL.n<,ILy llO[ Ie')') than <)')

puccllL oj th<... m,I\.ll11l1ll1 dly dUNty I., nbt'lIllul b\ .... [1I1d,lId (llndol

(Oll1p,ldIOll Lv,t (/\ ~ 1M D ()<)~)

I hc ulldcrglOlilld w,llI.... II <IllY dl,lIllCd ,lIld b,lL.kldkd a<,

1L.L.omll1<...ndul abovc .,h,11I bc dv.,I'~Il\_d (01 ,111 c(jlllv<lknl llllid j1J<... .... '>lIIC of
o7 gm/em) (700 kg/m)) ~

I he IlCOlllll1l1lc!.lLIon .... SIVlIl In LI1I'> IlPOII ,ilL. h 1'>L.d on Ihl
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undcc,lI able and loose malcllal,> ,II c IUl10vccl
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BOD

DA

DEA

dSjm

du

EC

ISPAN

JVA

KAC

KAC·n

KAC·s

kID

KTD

Ljs

m

m3js

mgjL

Mm3jyr

USAID

ZC I

ZC II

DEFINITION OF TERMS USED IN THIS REPORT

BIOlogical Oxygen Demand (m mg/L over a 5-day penod at 25oC)

IrngatIOn Development Area

Draft EnvIronmental Assessment

deeI-SIemens per meter Urut of measure of Electro-ConductIvIty commonly used
m agnculture 10 dS/m IS eqUIvalent to 10 mSjcm (1I11lh-SIemens per
centlffieter) or 10 mmbojcm (nulh-mhos per centlffieter), wluch are commonly
used m water quahty studIes

dunum A umt of area measure equal to 0 1 hectares

Electro-conductivIty A measure of how readily a medmm (e g, water, soil) will
conduct an electncal current TIus measure IS related to SalmIty, whIch IS the
total concentratIOn of major catIons and amons m a medmm RelatIve to the use
of the terms "EC" and "sahmty" m thIS document, they are mterchangeable

IrngatIOn Support Project for ASIa and the MIddle East, US Agency for
InternatIOnal Development

Jordan Valley Authonty, MImstry of Water and IrngatIOn

Kmg Abdullah Canal

KAC north of the confluence With the Abu Zeighan Canal

KAC south of the confluence WIth the Abu Zeighan Canal

kIlometer

Kmg Talal Dam

LIters per second EqUIvalent to 0001 m3/s

meter

CubIC meters per second EqUIvalent to 1,000 L/s

MIlligrams per hter (eqUIvalent to "parts per 1I11lhon")

MIllion CUbIC meters per year

Uruted States Agency for InternatIOnal Development

Zarqa Carner I An IrngatIOn plpelme ongmatmg at Thahab WeIr

Zarqa Carner II An IrngatIOn plpehne ongmatmg at Thahab WeIr

1
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1 SUMMARY

The Proposed Action IS constructIOn of a 3 7 Ian pipehne to dIvert water from the Zarqa

RIver at Hwarat Werr and convey that water to the canal that ongmates at Abu Zeighan

Werr, approXImately 47 Ian downstream of Hwarat The pIpelIne will prevent moong of

rrngatIOn water, released at Kmg Talal Dam (KID), and salIne water ongmatmg from

sprmgs and seeps along the Zarqa RIver channel between Hwarat and Abu Zeighan Werrs

Recently, moong of salme sprmg water WIth low-volume rrngatIon releases from KID has

caused damage to and loss of frUIt trees ill the Southern and MIddle Jordan Valley IrrIgatIOn

dIstncts that are served by the KIng Abdullah Canal (KAC) south of Its confluence WIth the

Abu Zeighan Canal

The pnmary, drrectly-affected area IS known as the 18 km ExtenSIOn Project, WhICh comprISes

36,915 dunums (3,692 ha) of IrrIgated lands m the Southern Jordan Valley AddItIonal

rrngated lands m the MIddle Jordan Valley, totallmg approxunately 5,500 dunums (550 ha),

are also drrectly affected by salmIty of water ill the KAC south of the Abu Zeighan Canal

The 145 km ExtenSIOn Project, comprISmg 59,750 du (5,975 ha) m the Southern Jordan

Valley will be mdrrectly affected by the project

The Proposed ActiOn will affect agnculturallands and dwellmgs along the 3 7 Ian pipelme

alIgnment, a 47 Ian segment of the Zarqa RIver above Abu Zeighan WeIr and a 17 km

segment of the Zarqa RIver below Abu Zeighan Werr Land use and habItatIOns will be

affected by constructIOn and operatIOn of the Proposed ActIOn Durmg constructIOn, up to

163 du (16 ha) of lands that were under cultivation durmg 1996 will be dISrupted by

constructIOn actiVIty ThIs Impact can be ffiltigated by schedulmg constructIOn durmg the

summer and early fall months SIX dwellings are located withm 50-100 m of the pipelme

constructIOn area ConstructIOn effects on dwellings will be 1IID.lted to dust generated by

constructIon actIVItIes, WhIch will be short-hved Operation of the Proposed ActIOn will

occupy approxunately 11 du (0 1 ha) of land that was under cultIvatiOn dunng 1996

Flow m the Zarqa River channel between Hwarat WeIr and Abu Zelghan WeIr will be

reduced by dIverSIOn of substantially all streamflow at Hwarat WeIr OperatlOn of a settlmg

basm at the pipelme headworks may result ill a small flow (estImated at up to 20 LIs) bemg

released downstream from the werr The streambed for 15 Ian below Hwarat WeIr will be
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subject to deSSIcatIOn The remammg 3 2 Ian segment between Hwarat Werr and Abu

Zeighan WeIr will be subject to mflows of 150-300 Lis from sa!me sprmgs Sa!me sprmg

waters have a mIXed Electro-conductiVIty (EC - a measure of salmIty) m the 7 - 9 dS/m

range Downstream from Abu Zeighan WeIr, flows m the rIver channel will mcrease under

the Proposed ActIOn because salme sprmg water, wInch, at present, IS partmlly nuxed WIth

rrrIgatIOn water from KID, will no longer be dIverted from the Zarqa RIver channel at the

werr

Water qualIty m the areas lITIgated from the KAC south of Its confluence WIth Abu Zeighan

Canal will be Improved by operatIOn of the Proposed ActIOn An analysIS of water qualIty

data for a five year peflod begmnrng rn September 1990 mdicates that the project would have

reduced the five-year average salmIty of IrrIgatIOn water by 04 dS/m SubstantIal

Improvements m sahmty would have occurred m 1994 and 1995 wlnle small Improvement

would have occurred m 1991 and 1992

The Proposed ActIOn will affect habItat for aquatic ltfe, vegetatIOn m and adjacent to the

stream channel, and, due to Its effects on vegetatIon and aquatic ltfe, habItat for resIdent and

llligratory brrds Aquatic lIfe would be vrrtually e1Imrnated m the 1 5 Ian "freshwater" rIver

segment below Hwarat WeIr due to curtaIlment of flows, however, the present aquatIc fauna

IS affected by extremely poor water qualIty and dIverSIty IS lIkely low The aquatic fauna m

the 3 2 km "brackIsh" segment, affected by salme sprmgs, would hkely benefit from project

operatIOn because channelIzatIon of the streambed for a dIstance of 2 5 Ian (a measure

mtended to partIally separate salrne rnflows from lITIgatIOn water) would no longer occur,

Salrnity and flow condItions would be stabIlIzed and nutnent loadmgs would be substantIally

reduced VegetatIOn m the freshwater segment would also lIkely be reduced m denSIty and

dIverSIty as a result of the loss of flow m the channel, however, condItIOns m the braclash

segment would hkely Improve because vegetatIOn would not be removed durmg channel

mamtenance actIVItIes The area between Hwarat and Abu ZeIghan Werrs would hkely lose

some of Its attractiveness as mIgratory and reSIdent bIrd habItat as a result of the proposed

actIOn MItIgation m the form of a small contmuous mmlffium flow release (20 Lis) to the

channel below Hwarat WeIr would lIkely mamtam mvertebrate aquatic lIfe m the segment

Immediately below the weIr A mmImum flow would also help mamtam vegetatIOn dIverSIty

and habItat quahty for mIgratory brrds at levels near those available at present
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The Proposed ActIon will affect human uses of the rIver channel between Hwarat WeIr and

Abu Zeighan WeIr Project operatIOn will affect two farms that lITIgate usmg water dIrectly

from the rIver channel Water qualIty changes potentIally will affect water qualIty for

lIvestock use There will be lIttle effect on use of Zarqa River water for bathIng and washIng

The supply of water for rrrIgatIOn at the farms usmg water dIrectly from the channel will be

unrelIable Water qualIty for lIvestock use IS typIcally conSIdered ''very satISfactory" (BC

< 50 dS/m), although perIOdIC reductIOns m qUaltlY to "satISfactory" (BC 5 - 8 dS/m) or

"hmtted use" (EC 8 - 11 dS/m) levels occurs Durmg project operatIon, lIvestock water

quahty will remam m the borderlIne area between the "satISfactory" and "hmtted use" levels

PastoralIsts may have to travel approXImately one kIlometer to reach channel areas WIth

flowmg water PrOVlSlon of a mmnnum flow will prOVIde a relIable supply of rrngatIOn water

and slIghtly reduce sahruty m the brackIsh water segment

At present, It IS belIeved that the project will not affect any areas havmg antIqUItIes or

cultural artIfacts It will be necessary to confirm thIs on the basIS of field reconnalSance

The Proposed ActIOn will result m substantIal economIC benefits to the areas lITIgated from

the KAC south of Its confluence WIth the Abu Zeighan Canal Based on a retrospectIve

analySIS of water qualIty, croppmg and economIC data, the nnpact of the project on the 18 km

ExtenSIOn area would have averaged between 480,000 and 1,100,000 JD/yr durmg the penod

1991 to 1995 The five-year average mcludes both ''wet'' years when benefits would have been

low, and "dry" years when benefits would have been substantIal The range m econOffilC

benefits reflects the effects of data on dIfferences m croppmg patterns and econoffilc returns

between years durmg the study perIod BenefIts to areas outSIde the 18 km ExtenSIOn

Project that will be drrectly and mdrrectly affected by the Proposed ActIOn would lIkely

mcrease the estnnated total project benefIt to somewhere m the range of 800,000 to 1,800,000

JDIyr durmg 1991 to 1995
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2 INTRODUCTION

The Umted States Agency for InternatIOnal Development (USAID) IS supportmg mvestments

to aSSISt the Government of Jordan m Improvmg the management and conservatIOn of water

resources As a part of tlus aSSIstance, the Jordan Water QualIty Improvement and

ConservatIOn PrOject (WQIC) was 1ll1tIated under Contract No 278-0288-C-OO-4026-00,

between Development AlternatIves, Inc and USAID

The Zarqa RIver Conveyance Study was mcluded as a part of the WQIC program to evaluate

the potentIal for Improvmg the conveyance effICIency of water released from KIng Talal Dam

(KID) and the qualIty of water dIverted from the Zarqa RIver at Abu Zeighan WeIr The

water released at KID IS reclaImed mumcipal and mdustnal waste water mtended for use ill

lITIgated agrIculture m the central and southern Jordan Valley The ObjectIve of tlus Draft

EnVIronmental Assessment (DBA) 18 to assess the envrronmentalImpacts of the proposed

project and selected alternatIves for Improvement of conveyance and water quahty The "no

actIOn" alternatIve IS a member of the set of alternatIves conSIdered m thIS DEA

Envrronmental assessment of the project 18 bemg earned out under applIcable U S

regulatIons for USAID funded projects ThIs has mvolved conductmg a Scopmg SesSIOn

where mterested and affected partIes were asked to comment on the potentIal envIronmental

consequences of undertakmg the proposed project and to IdentIfy Issues that requIre analysIS

durmg preparatIOn of the EnVIronmental Assessment The Scopmg SeSSIOn resulted m a

Scopmg Statement that Identmed those envIronmental Issues on whIch thIs DEA will focus

For the purposes of the DEA, the term "enVIronment" mcludes the natural envIronment, the

SOCIal envIronment and the econOmIC enVIronment
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21 OBJECTIVES

The objectives of tills DBA are the followmg

• ProvIde a bnef specIficatIOn of the need for the project

• IdentIfy the alternatives bemg consIdered m the DEA, mc1udmg the proposed project

and the "no-actIOn" alternative

• DescrIbe the enVIronment or areas that will be affected by the alternatIves under

consIderatIOn

• DescrIbe the envIronmental consequences of undertakmg any of the alternatives,

mcludmg dIrect and mdIrect effects, and possIble rmtIgatIOn measures

• IdentIfy momtormg reqUIred to measure changes m enVIronmental quahty resultmg

from ImplementatIOn of the proposed project

2 2 PROJECT SETTING

The project IS located m the lower part of the Zarqa dramage basm m hilly terram at the

edge of the Jordan Valley at elevatIOns rangmg from -115 m (Thahab WeIr) to -236 m (Abu

Zeighan WeIr) The floodplam at the upper end of the project area IS narrow WIth extremely

steep slopes flsmg to elevatIOns of 150 m or more above the flver bed on both SIdes of the

flver The floodplam becomes broader downstream, partIcularly on the flght (north) bank of

the flver The flver generally remams close to the base of the hills on the left (south) bank

as It passes through the village of Abu Zelghan at the downstream end of the project area

The flow m the rIver IS controlled by KID, approxnnately 11 5 kIn upstream of the Thahab

WeIr Releases are made from KID to support Irngated agnculture The water released is

passed through hydroelectnc generators at the dam Hydraulic capaCity of the generatiOn

facility at KID IS 6,300 lIters per second (Lis!) At Thahab WeIr, flows of up to 2,770 Lis

are dIverted mto rrflgatIon plpelmes, referred to as Zarqa Carner I (ZC I) and Zarqa

I LIters per second Equal to a001 CUbIC meters per second (m3js)
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Carner II (ZC II) ZC I and ZC II have desIgn capacIties of 1,000 and 1,770 Lis,

respectively ZC I supports rrngatlOn along the nver (usually along the nght, or north, bank)

between Thahab Werr and Abu Zeighan village Any water remammg after the diverslOn at

Thahab Werr flows downstream about 99 km to the Abu Zeighan Werr, where It IS dIverted

mto the Kmg Abdullah Canal (KAC) through the Abu Zeighan Canal

Hwarat Werr IS located approXlIllately 52 km downstream of Thahab Werr The werr and a

small canal begmnmg at the weIr have been abandoned Between Hwarat Werr and Abu

Zeighan WeIr are a number of salme sprmgs that enter the flver Inflow from the sprmgs IS

approXlIllately 150-300 Lis

The KAC IS consIdered to compnse two sectlOns, the KAC-s, south of the confluence WIth

the Abu Zeighan Canal, and KAC-s, north of that confluence The KAC-n carnes water

from the Yarmouk River m the north, whIch IS a hIgh qualIty source sUltable for rrngatlOn

and murucipal mdustnal use The water m the KAC-s IS a rnJXture of Zarqa River water and

Yarmouk River water The Zarqa water 18 of lower qualIty than Yarmouk water The

mrxture IS usually sUltable for rrngatlOn wIth slIght to moderate restnctIon Durmg peflods of

low flow both m the Zarqa River and m the KAC-n , water qualIty m the KAC-s may be

degraded by salme mflows to levels where It 18 unsUltable for most crops ThIS project was

developed ill response to the need to mamtam sUltable water qualIty m the KAC-s

2 3 BACKGROUND

Smce the latter part of the 1970's, the Jordan Valley Authonty (JVA) has suspected that

some portlOn of the rrngatlOn water released at KID was not reachrng the KAC StudIes by

the JVA, and others, were conducted durrng the 1980's to quantIfy losses and IdentIfy the

flver reaches rn whIch losses were occurrmg The most recent studIes were conducted m

1994 by the Uruversity of Jordan and ISPAN (IrngatlOn Support Project for ASIa and the

Near East - USAID) These studIes supported the need for addItIOnal study of Zarqa River

channel effICiency
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Harza2 revIewed conveyance and water quahty InformatIOn and conducted water quahty and

conveyance studIes m 1995 Harza concluded that there IS no water qualIty detenoratIOn and

that conveyance losses are not appreclable (m fact, some gams may occur) between KID and

Thahab Werr, water qualIty IS unchanged and small losses or gams possIbly occur between

Thahab Werr and Hwarat Welf, and some conveyance losses are possIble and water quahty

detenoratIOn (due to sahne sprmgs) occurs between Hwarat Werr and Abu Zeighan Welf

Water quahty detenoratIOn affects the sUltability of water for use m lfngated agnculture, the

prnnary use for wluch the water IS mtended

Water qualIty m the KAC has detenorated m recent years ThIs has been due pnmanly to

reduced availability of lugh quahty Yarmouk RIver water for IIl.1Xll1g wIth water released at

the KID Yarmouk RIver water IS dIverted to Amman for mUlllClpal and mducstnal use

from the KAe north of the confluence wIth Abu Zeighan Canal (wluch conveys KID water

to the KAC from Abu Zeighan Werr) By Itself, KID water IS of margmal quahty for

rrngatIon use The source of approxunately half of the water released at KID IS partIally

treated mumciplal and mdustnal wastewater from metropohtan Amman and Zarqa In dry

years, when runoff from natural raInfall m the Zarqa Rtver Basm IS hmtted, the montWy

average electro-conductIVIty (EC) of water released at KID may exceed 25 dS/m3
, a level at

whIch growth of moderately tolerant crops may be adversely affected The qualIty of KID

water reachmg the KAC IS further degraded by salme sprmgs and seeps ill the reach of the

nver above Abu Zelghan Werr Recently, durillg penods of low releases from KID, only

Zarqa water has been available to the KAC below the Abu Zeighan Canal because Yarmouk

water has been completely abstracted for mumcipal, mdustnal and upstream rrngatIOn use

Durmg 1993 and 1994, hIgh salmIty of undiluted Zarqa water resulted m reduced crop yIelds

and loss of some 10,000 CItruS trees m the southern Jordan Valley Low releases from KID

mIXed WIth sahne spnng water m the Zarqa above Abu ZeIghan Werr DIversIOn of thIs

water to the KAC, when undiluted by Yarrnouk water, resulted m hIgh salmitles m the KAC

2 Harza Engrneenng and Consohdated Consultants 1996 Zarqa RIver Conveyance Study, Phase A 
Conceptual Study, Part 3 - SelectlOn of Preferred AlternatIve Fmal Report

3 dS/m (deCl-5Iemens per meter) IS a measure of conductIVIty eqUIvalent to mS/ctn (mIlh-5Iemens per
centlffieter) or TIlffihos/ctn (mIlll-mhos per centlffieter) dS/m IS generally used to report conduet!vlty m agncultural
studIes
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durmg summer 1994 (May - October EC 2 02 - 367 dS/m, average 274 dS/m4
) The

detenoratIOn m qualIty caused by the salt sprmgs, m combmatIOn wIth the lack of Yarmouk

water for moong, has resulted m water qualIty m the KAC that has proved detnmental to

crops, especially CItruS and fruIt trees

4 Water and EnVIronment Research and Study Center - Uruverslty of Jordan 1995 Imgauon management &
water qualIty m the Central Jordan Valley (Baselrne Survey) Water Quallty Improvement and ConservatIon
ProJect, Report 3114-95-3b-05
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3 PROJECT PURPOSE

The purpose of the project 18 to nnprove the quahty of water dehvered to the KAC VIa the

Abu Zeighan Canal by separatmg salIne mflows from lower sahrnty water released at KID

Improvements m water qualIty are expected to nnprove agrIcultural yIelds m the area

lITIgated from the KAC south of the Zarqa RIver
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4 ALTERNATIVES INCLUDING THE PROPOSED ACTION

Durmg the fIrst phase of the project, a number of conceptual alternatives were ongmally

proposed to nnprove conveyance and quahty of water released at KID The focus of the

project became water quahty and water loss m the area between Hwarat WeJI and Abu

Zeighan WeJI when It was detenmned that conveyance was acceptable and that detenoratIOn

of water quahty dId not occur m the Zarqa RIver channel upstream of Hwarat WeIr (FIgure

4-1) The alternatives ongmally consIdered mcluded constructIOn of a pipelme from KID to

Abu Zeighan Canal, constructIOn of a pipelme diverslOn to bypass certam reaches of the

channel, Improvmg the nver bed, constructmg a deep cutoff wall m the channel, constructmg

a canal to bypass certam reaches of the channel, and preventmg salme sprmg flow from

entenng the nver channel In adilltlOn, power generation features (constructlOn of a

powerhouse and, pOSSIbly, a reregulatmg reservoIr) were conSIdered for mcorporatlOn mto

the pipelme alternatives

Several of the above alternatives were dropped from consideratlOn when mformatlOn,

developed durmg the conceptual phase of the study, mdicated that they were unnecessary,

too costly, meffectIve or Impractical All alternatives (mc1udmg the Proposed Action)

retamed for consideratlOn mvolve constructlOn of a pipelme or canal-pipelme combmatIon to

dIvert KID water from the Zarqa RIver channel at Thahab or Hwarat WeJI DIverted water

will be bypassed around the area of salme sprmgs and conveyed to the head of the Abu

Zeighan Canal

EnvJIonmental effects of the proposed actIOn and the feaSIble alternatives on the area

JIngated from the KAC-s will be eqUIvalent Compared to the "no-actIOn" alternative, there

will be conSIderable benefIts to JIngated agnculture along the KAC-s The magmtude of

potential negative nnpacts for the vanous alternatives IS largely dependent on the pomt of

ongmatIOn of the flow dIverSIon (Thahab or Hwarat WeJI) and the amount of constructIOn

requJIed for each alternative

4 1 PROPOSED ACTION

The proposed actlOn mvolves rehabilitatlOn of Hwarat WeIr and constructIOn of a 3 7 km

long, 14 m dIameter, ductIle Iron pipehne from Hwarat WeIr to the head of Abu Zeighan

10
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Canal (FIgure 4-2) The p1pelme will follow the course of an abandoned canal that ongmates

at Hwarat Werr for apprmamately a5 ian to the edge of the nver, cross the nver on a bndge

(the aqueduct for the abandoned canalIS occupIed by the ZC I p1pehne), and contmue to

follow the canal alIgnment for approXImately 1 3 Ian The pIpehne will dIverge from the

canal alIgnment and contmue about 0 7 kID alongsIde an eXlstmg roadway to a pomt Just

downstream of Abu ZeIghan BrIdge The pIpehne will cross the rIver at thIs pomt, follow an

eXlstmg farm road along the foot of the hill on whIch the village of Abu ZeIghan IS located

and contmue m the rNer floodplam along the base of the escarpment southwest of Abu

ZeIghan village The pIpehne would termmate at the Abu ZeIghan Canal approXImately

11 Ian from the rIver crossmg

RehabilitatIOn of Hwarat Werr will be reqUITed for the Proposed ActIOn, thus requrrmg

dIsruptIOn of the streambed and use of land for constructIOn lay-down areas m the VICilllty of

the present weIr Desandmg of water conveyed by tlus alternatIve will be necessary

Desandmg will be accomplIshed usmg a setthng basm 7 m WIde by 34 m long

The proposed alIgnment passes wIthm 100 m of SlX dweilmgs The alIgnment IS acceSSIble

from eXlstmg roads throughout most of ItS length CultIvated areas occur w1thm 100 m of the

p1pehne for most of Its length The proposed alIgnment will pass Withm 100 m of three CItruS

orchards

ConstructIOn will affect areas that are presently bemg cultIvated The area requITed for

buned pipelme constructIOn will mc1ude the trench, a lay-down and work area adjacent to the

trench and an area, also adjacent to the trench, for temporary storage of excavated matenals

dunng pipehne mstallatIOn m the trench Excavated matenals will be used to backfill the

trench after the pIpelme has been mstalled The WIdth of the area affected will be about

10 m, typICally centered on the axIS of the p1pehne ThIS area of 163 dus may not be

available for plantmg durmg one croppmg season There are presently no plans to remove

frUIt trees for p1pelme constructIOn

The canal alIgnment IS generally unoccupIed, although It has been filled and planted m a few

areas The canal presently OCCUpIeS approXlIIlately 2 7 du of land ill cultIvated areas

5 du IS the abbrevIatiOn for dunum One dunum IS equal to 0 1 hectares or 0 247 acres

11
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ConstructIOn of the pipeIme alternatIve would requITe that approxnnately 0 9 du land be

permanently removed from productIOn beyond that whIch IS presently occupIed by the canal

Dust from constructIOn actIvIty can affect crops by covermg leaves and flowers, thus reducmg

growth and frUIt production The location of the pipeIme alIgnment adjacent to paved roads

will help reduce dust generated by constructIOn traffIc ConstructIOn will typIcally reqUITe a

month from excavatIOn to backfillmg for any gIven segment of the pipeIme, thus, dust

generatIOn ill any specllic locatIOn will be short-hved

The Proposed ActIOn will dIvert water from approxnnately 4 7 km of nver channel between

Hwarat and Abu Zeighan WeIrs There are at least two IrrIgatIOn wIthdrawals along the left

bank of the nver ill thIS segment. ApproXImately 1 5 km can be descnbed as freshwater

habItat and the remamder as braclash The freshwater habItat will be affected sIgmficantly by

deSSIcatIOn, and apprecIable loss of emergent aquatIc vegetatIOn (sedges, rushes and cattails)

IS expected It IS hkely that plant specIes better adapted to penodic wet condItIOns, such as

oleander, tamarlX and common reed, will replace the aquatIc vegetation

Effects on the braclash habItat will be less pronounced as mflow from sahne sprmgs will be

mamtamed, however, tranSItIOnal freshwater-braclash habItat will be lost and salmIty will

mcrease and remam relatIvely constant m remammg habItat Compared to the No-ActIOn

AlternatIve, channelIzatIOn of 2 4 km of the streambed will no longer occur and a more

natural npanan and aquatIC commuruty, adapted to brackIsh condItIOns, may develop

DeSSIcatIOn m the stream channel and npanan zone willhkely result ill a general loss of

vegetatIOn m the stream channel m the area conSIdered to be freshwater habItat Emergent

aquatic vegetatIOn willhkely disappear and thIS will reduce the habItat value for some types

of wadmg blfds and shoreblfds The cover value of the tamarlX and oleander will lIkely be

retamed and the habItat will remam SUItable for migratmg and reSIdent songbIrds and

roostmg by many speCIes

DeSSIcatIOn will ehmmate fIsh populatIOns and most aquatic mvertebrates (mcludmg crabs)

from the freshwater zone Use of the area by amphIbians will be lImIted SpecIeS able to

opportumstIcally make use of ephemeral pools left after ramfall or hIgh flow events will lIkely

perSIst The loss of freshwater aquatIC fauna will reduce the SUItability of thIs area for

foragmg by langfishers and wadmg brrds In the braclash area, the sprmgs will mamtam
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suffICIent flows to support a dIverse aquatic fauna, mcludmg fish, that are adapted to braclash

condItIOns

All flow from the salme sprmgs will be allowed to pass Abu Zeighan WeIr and contmue

downstream to the Jordan RIver

4 2 NO-ACTION ALTERNATIVE

The No-ActIOn Alternative would contmue operatIon of IrrIgation facilities supportmg

agnculture m the 18 km ExtensIOn Project area of the southern Jordan Valley (FIgure 4-1)

wIthout reducmg the salmIty of water delIvered to farmers Flows m the Zarqa RIver

downstream of Thahab WeIr, whIch are presently controlled for agncultural purposes, would

not be altered In the segment between Thahab and Abu Zelghan Werrs flows would vary

between near zero and 45 m3/s dependmg on IrrIgatIOn requIrements along the KAC-s

Complete deSSIcatIOn of 2 3 km of the channellffimedlately below Thahab weIr would occur

annually Mmnnal flows would enter the flver from the settlmg basm overflow (10-20 Lis)

approXlffiately 23 km below Thahab WeIr durmg peflods when no rrngatIon water was

requrred DIverSIOn of most flow from the Zarqa RIver would occur at Abu Zeighan Werr

The 17 km nver reach below Abu Zeighan Werr would receIve some dIverted salme sprmg

flows from upstream (apprmamately 80 Lis With an EC of 7-9 dS/m)

43 FEASIBLE ALTERNATIVES TO THE PROPOSED ACTION

4.3 1 Canal-Plpelme Combmahon

ThIS alternatIve would mvolve rehabilitatIOn of Hwarat Werr, demolItIon and reconstructIOn

of the abandoned canal from Hwarat Werr for a dIstance of approxunately and constructIOn

of a pipelme from Hwarat WeIr to the head of Abu Zeighan Canal (FIgure 4-3) The canal

would follow the course of the abandoned canal that ongmates at Hwarat Werr for

approXlffiately 2 aIan At thIS pomt a pipelme would be constructed along the same

alIgnment as that of the Proposed ActIon for the remammg 1 7 Ian to Abu Zeighan Canal

The proposed alIgnment would pass withm 100 m of SIX dwe1lmgs The alIgnment would be

acceSSIble from eXlstmg roads throughout most of ItS length Cultivated areas occur withm

13
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100 m of the canal-pIpelIne alIgnment for most of Its length The proposed alIgnment would

pass WIthIn 100 m of three CItruS orchards

ConstructIon would affect areas that are presently bemg cultIvated The area requITed for

buned plpehne constructIOn will mclude the trench, a lay-down and work area adjacent to the

trench and an area, also adjacent to the trench, for temporary storage of excavated materIals

durmg pipelme mstallatIOn m the trench Excavated matenals will be used to backfill the

trench after the pipelme has been mstalled The Width of the area affected will be about

10 m, typIcally centered on the axIS of the pipelme TIns area of 16 3 du of land that was

under cultIvatIOn durmg WInter 1996 mIght not be available for plantmg durmg one croppmg

season There would be no plans to remove frUIt trees for pipelme constructIOn

The canal alIgnment would be generally unoccupIed, although It has been filled and planted

m a few areas The abandoned canal presently occupIes apprOXImately 2 7 du of land m

cultIvated areas ConstructIOn of the canal-pipelme alternatIve would reqUITe that

approXImately 2 9 du land be permanently removed from productIOn beyond that whIch IS

presently occupIed by the canal

The Impacts from constructIOn and operatIOn of tlus alternatIve would be of slffil1ar

magrutude to those expected for the Proposed ActIOn

ThIs alternatIve has the advantage of havmg a lower constructIOn cost than the Proposed

ActIOn, however, mamtenance costs will be hIgher ThIS open canal constructIOn also has the

dIsadvantage of bemg more susceptIble to adverse effects from varIOUS types of aCCIdents

such as, spills of pestICIdes or fertilizers or illegal dIsposal of waste matenals JVA prefers

the use of PIPelmes for thIS type of project Thus the Proposed ActIon was selected over thIS

alternatIve despIte ItS lower mitIal cost

43.2 Plpelme from Thahab Weir to Abu Zelghan Canal

TIus alternatIve would mvolve expanSIon of the settlmg basm at ThahabWerr, and

constructIOn of a 66 km pipelme from Thahab WeIr to the head of Abu Zelghan Canal

(FIgure 4-4) The pipelme would generally parallel the course of ZC II for the fITst 3 9 km

At thIS pomt a pipelme would be constructed along the same alIgnment as that of the

Proposed ActIOn for the remammg 1 7 km to Abu Zeighan Canal

14
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CultIvated areas occur WIthm 100 m of the canal-pipehne alIgnment for most of Its length

The proposed alIgnment would pass Withm 100 m of three cItrus orchards

ConstructIOn would affect areas that are presently bemg cultivated The area requIred for

buned pipelme constructIOn will mclude the trench, a lay-down and work area adjacent to the

trench and an area, also adjacent to the trench, for temporary storage of excavated matenals

durmg pipehne mstallatIOn m the trench Excavated matenals will be used to backfill the

trench after the pipelme has been mstalled The WIdth of the area affected will be about

10 m, typIcally centered on the aXIS of the pipelme ThIs area of 22 6 du of land that was

under cultIvatIOn durmg wmter 1996 mIght not be available for plantmg durmg one croppmg

season It IS lIkely that a3 du of olIve trees would be removed durmg plpelme constructIOn

ConstructIon of the canal-pipelme alternative would requrre that approXImately 73 du land

be permanently removed from productIOn

ThIs alternatIve would affect approXImately 9 9 Ian of nver channel between Thahab and Abu

Zeighan WeIrS There are at least three rrngatIOn Withdrawals along the left bank of the

nver m thIs segment ApprOXImately 6 7 Ian can be descnbed as freshwater npanan and

aquatIc habItat and 3 2 Ian can be descnbed as braclash habItat The freshwater habItat

would be affected sIgrn:fJ.cantly by deSSIcatIon and appreciable reductIOn of lIttoral vegetatIOn

IS expected Effects on the braclash habItat would be less pronounced as mflow from salme

sprmgs would be mamtamed, however, tranSItIOnal freshwater-braclash habItat would be lost

and salmIty would mcrease m the remammg habItat Compared to present condItIOns,

channebzatIOn of 2 4 Ian of the streambed would no longer occur and a more natural npanan

and aquatIc commumty, adapted to braclash condItIons, may develop

ThIS alternatIve would affect 5 2 km of freshwater aquatic and npanan habItat m addItIOn to

that whIch would be affected by the proposed alternatIve Effects on the area downstream of

the Abu Zeighan WeIr and m the areas Irngated from the KAC-s would be eqUIvalent to

those that will occur WIth the Proposed ActIOn

ThIS alternatIve was retamed for conSIderatIOn m the event that geotechmcal or other

mformatIOn developed durmg the fmal deSIgn stage mdicated that Hwarat WeIr could not be

rehabilitated m a cost-effectIve manner ThIS alternatIve has hIgher constructIOn costs (whIch

are a functIOn of the plpelme length) and would have greater negative lffipacts on habItat and

bIota m the Zarqa RIVer channel WIthout offermg any mcrease m benefIts
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44 COMPARISON OF ALTERNATIVES

Tlus SectlOn compares the enVIronmental effects of Proposed Action and the feasIble

alternatIves, mcludmg the No-ActlOn Alternative, and the Proposed Action WIth

recommended mItigation The areas of comparIson mclude construction effects, effects on

flow m three, potentially-affected segments the Zarqa RIver, effects on water qualIty m the

Zarqa RIver and the KAC, effects on aquatIc lIfe, channel and npanan vegetatIOn, and

rrugratory/resIdent bIrd habItat and effects on human uses ill affected areas No companson

of project benefits IS prOVided because the Proposed ActIon and all feasIble alternatives will

have the same level of benefits relative to the No-ActIon Alternative

4 4 1 ConstructIOn and OperatIOn Effects on Land Use (Table 4-1)

The No-ActlOn AlternatIve will not affect land use and dwellings ConstructIOn of the

Proposed ActIOn could cause a one-season dIsruptIOn of up the 163 du of land that was

under cultIVatIOn for vegetables durmg willter 1996 TIns dIsruption can be mItigated by

schedulmg constructIOn outsIde of the normal growmg season (September to May)

CultIvation over the pipelme trench area would lIkely be dIScouraged after completIOn of

constructIOn (although plantmg over other pipelmes m the area appears to be common

practice), resultmg m a permanent loss of about 1 1 du of cultivated land Loss of up to 0 6

du of CItruS could occur, however, present plans for pipelme constructIOn call for aVOldmg

thIS area ConstructIOn ill the rIver channle would be reqUIred at two 10catlOns The effects

of the Hwarat canal-pIpelme alternative are SImIlar to those of the Proposed ActIOn,

however, the canal would lIkely occupy more area and thus would mvolve a permanent loss of

2 9 du of cultIvated land Due to ItS greater length, the Thahab pIpelme alternative would

temporanly affect 22 6 du of land that was under cultivatIon for vegetables and would result

m permanent removal of 7 0 du of land from vegetable cultIvatIOn and 0 3 du of olIve trees

ConstructIOn m the rIver channel would be reqUIred at five locatIOns
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Table 4-1
Effects of constructIOn of alternatives on land use and dwellmgs

Loss of Cultivated Land (du) Total Area for Plpehnej Dwellmgs
Construction Canal Affected

Alternative Temporary Permanent (du) RIver
(One Season) (Project LIfetlIDe) Crossmgs

No-Action 0 0 0 0 0

PROPOSED 163 11 (vegetables) 37 2 6
ACTION (Vegetables) 0- 06 (CItruS) 1 bndge,

Hwarat 1 buned
Pipehne

Proposed 0 Same as Proposed Same as Same as Same as
Action WIth ActIOn Proposed Proposed Proposed
MItigatIOn ActIOn ActIOn ActIon

Hwarat Same as 29 (vegetables) 37 2 6
Canal- Proposed 0- 06 (CItruS) 1 bndge,

Pipelme ActIOn 1 buned

Thahab 226 70 (vegetables) 66 5 9
Plpelme (Vegetables), 0- 06 (CItruS) buned

03 (Ohves) 03 (ohves)

4 4.2 Operation Effects on Streamflow (Table 4-2)

The Proposed ActIOn would dIvert water from a stream segment that IS about 4 7 km long

The lower portIOn of that segment IS affected by sahne sprmgs and seeps and apprecIable

flow would become estabhshed withm the first 25 km below Hwarat WeIr OperatIOn of a

setthng basm for desandmg water delIvered to the pipelme (SImIlar to the basm at Thahab

WeIr) may provIde hmited year-round flows (up to about 20 Lis) m the 15 Ian segment

upstream of the sahne sprmgs WIth the proposed ffiltIgatIon a mmlffium flow of 20 Lis

would be released at Hwaret WeIr to proVIde for mamtenance of ffilgratory bIrd and wIldhfe

habItat m the upstream portIOn of thiS segment Under the No-ActIOn Alternative, flows m

tills segment would fluctuate ill response to IrngatIOn demands (from 0 to apprmamately

2,500 Lis), With hmited flows (up to about 20 Lis) m the upstream 15 km segment for

prolonged penods durmg the wmter months
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The Hwarat canal-pipehne alternatIve would have be eqUIvalent to the Proposed ActIon

relatIve to Its effects on flow The Thahab pipehne alternatIve would affect an addItIOnal

5 2 kIn of stream channel ThIs segment of channel would expenence Inmted flows (up to

about 20 Lis) throughout the year

At present (No-ActIon AlternatIve), the Zarqa RIver downstream from Abu Zeighan Werr

has a flow of approxunately 80 Lis from dIverted salrne sprmg mflows These flows were

establIshed recently and account for only a portIon of the salme sprmg flows, however, ill the

absence of other measures, they would be expected to contmue The Proposed ActIOn and

feasIble alternatIves would mcrease that flow to 150-300 Lis because all sprmg mflow would

be passed at the werr

Thahab to Hwaret Hwaret to Abu Zelghan Downstream from Abu
AlternatIve (5.2 km) (47 km) Zeighan (17 km)

No-Achon KAC IrngatIOn! KAC Irngaltlon PartIal Salrne Sprmg
Inflows (80 Lis)

PROPOSED Same as No- No Flow2 m upstream Salme Sprmg Inflows
ACTION- ActIon AlternatIve 15km (150-300 Lis)
Hwarat (0-20 Lis) - Salme Inflows Increase vs No-ActIOn
Plpehne mcrease downstream3

Proposed Same as No- 20 Lis m upstream 15 kIn- Same as Proposed
Achon With ActIOn AlternatIve Salrne Inflows mcrease ActIOn
MItigation downstream

Hwarat Same as No- Same as Proposed ActIOn Same as Proposed
Canal- ActIOn AlternatIve ActIOn

Plpehne

Thahab No Flow2 Same as Proposed ActIOn Same as Proposed
Plpelme (0-20 Lis) ActIOn

I
I
I
I
I
I
I
I
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I
I
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I
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I
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Notes

2

3

Table 4-2
Effects of alternatives on Zarqa RIver flow below Thahab WeIr

Flow passed at Thahab won't exceed KAC IrngatIon requrrement unless sIglllficant
runoff from ramfalllS occurnng There may be penods of no flow, however, settlmg
baslll overflow (10-20 Lis) may be released when there IS no KAC reqwrement, but
there IS a reqwrement for ZC I and ZC II
Setthng baslll overflow (10-20 Lis) may be released nearly contInuously when pipehne
headworks IS operatIng properly
Spnng flow lllcreases from 0 to greater than 100 Lis between 15 and 25 Ian
downstream from Hwaret WeIr
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44.3 OperatIOn Effects on Water Quahty (Table 4-3)

The Proposed ActIOn would dIvert slIghtly brackIsh (average Be 19 dS/m or about 13 0/00

salunty), renovated mumcipal and mdustnal water mtended for IrngatIOn use around an area

receIvmg salrne sprIng rnflows of WIth an EC of 7-9 dS/m The renovated water IS very

eutrophIc, that IS, It IS hIghly enrIched WIth nutnents (N03 and NH4) and BIolOgIcal Oxygen

Demand (BOD) IS exceSSIve, thus creatIng potentIal problems WIth maIntenance of oxygen for

aquatlc lIfe The salrne sprIngs have low nutrIents and BOD The Proposed ActIOn will

remove renovated water from the stream channel creatmg condItIons much more favorable

for aquatIc lIfe m the lower 3 2 Ian of the segment below Hwarat WelT than under the No

ActIOn AlternatIve The EC In the area of salrne sprmgs will mcrease to moderately brackIsh

levels, however, thIs IS not as lImItmg of aquatIC fauna dIVerSIty and productIVIty as IS

consumptIon of oxygen by hIgh BOD Low flows m the stream segment upstream of the

salrne sprIngs will not dIffer In qualIty from the No-ActIOn alternatIve but penods of zero

flow will probably occur, thus rendermg the area unsllitable for many aquatIc fauna The

Proposed ActIOn WIth recommended IDltIgatIOn will result m contmumg polluted condItIOns In

the stream segment above the salrne sprmgs, however, penodic deSSIcatIon will be reduced

DilutIOn of nutnents and BOD present m the IDlillffiUID flow release by the salrne sprIng

water will result In condItIOns not appreciably dIfferent from those that would occur WIth

salrne rnflows alone

The Hwaret canal-pipelrne feaSIble alternatIve would have effects on water qualIty eqUIvalent

to those resultIng from ImplementatIOn of the Proposed ActIOn The Thahab pipelme

alternatlve would dIvert renovated water around an addItIonal 5 2 k:m of stream channel,

WhICh would be expected to receIve low flows and expenence penodic deSSIcatIOn
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6 ImgatlOn Support PrOject for ASIa and the Near East and Water and EnVIronment Research and Study
Centre, UruversIty of Jordan 1994 ImgatlOn management and water quahty ill the Central Jordan Valley, wmter
eroppmg season

7 Water and EnVIronment Research and Study Center - Uruversity of Jordan 1995 Imganon management &
water quahty ill the Central Jordan Valley (BaselIne Survey) Water Quahty Improvement and Conservatlon
Project, Report 3114-95-3b-05

Table 4-3
Effects of alternatIves on water quahty of Zarqa River at sItes downstream of Thahab WeIr

and m the KAC-s

Hwaret Abu ZeIghan Below Abu IrrIgated Areas
AlternatIve (5.2 kIn) (99 kIn) Zelghan (KAC-s at MaadI)

(10-27 kIn)

No-ActIon EC 13 - 261 EC 14-31 EC 7-9 EC 12-26
BODs 20 - 282 BODs 14 - 20 BODs 1+ BODs 4 - 32
NH4 6-8 NH4 2-3 NH4 1+ NH4 2-3
N03 Summer 32-51 N03 Sum 38-54 N03 Sum 1-3+ N03 Sum 39-53
N03 Wmter 57 N03 Wmter 55 N03 Wmter ? N03 Wroter 31

(See note 4)

PROPOSED Same as No-ActIon EC 6-9 EC 6-9 EC 12 - 26 BODs
ACTION AlternatIve (above BODs 1-5 BODs 1-5 4 - 28
Hwarat werr), NH4 1-2 NH4 1-2 ~ 2-8mg/L
PIpelme No Flow3 (below N03 1 - 10 N03 1- 10 N03 Sum 32-53

werr) N03 Wmter 31-57

PROPOSED Same as No-ActIon EC 6-9 EC 6-9 Same as Proposed
ACTIONWlth AlternatIve (above BODs 2-5 BODs 2-5 ActIon

MItigatIon and below werr) NH4 1-2 NH4 1-2
N03 3 -10 N03 3 - 10

Hwarat Canal- Same as Proposed Same as Proposed Same as Proposed Same as Proposed
Pipeline ActIon ActIon ActIon ActIon

Thahab No Flow Same as Proposed Same as Proposed Same as Proposed
PIpeline ActIon ActIon ActIon

EC values are m dS/m (= mmhos/cm) Values represent the "typIcal" range ill

average monthly EC values for KTD over the penod September 1990 - December
1995 EIghty percent of the average monthly values are WIthm tlus range
ChemIcal parameter values are m mg/L Values are the range of seasonal
(summer/wroter) means67

Due to lack of flow, water qualIty effects are not consIdered If water IS present,
qualIty will be eqUIvalent to that of No-ActIon AlternatIve
Levels of numents will lIkely mcrease With dIStance downstream due to mfluences of
rrngatIon returns and hvestock use
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444 OperatIOn Effects on Aquatic LIfe, Vegetation and MIgratOry and ResIdent BIrd

HabItat (Table 4-4)

Aquatic hfe ill the Zarqa RIver IS affected, at present (No-ActIOn AlternatIve), by flow

fluctuatIOns, polluted water and saluuty vanatIons ThIS combmatIon of factors lnmts the

dIversIty and abundance of aquatIC bIOta to specIes that are very tolerant of low oxygen,

perIOdIC dessIcatIOn and salmIty levels rangmg from slIghtly to moderately brackIsh The lugh

BOD and nutnents content of the renovated water released at KID IS lIkely to result m

anoXiC condItIons on a regular baSIS Such condItIOns probably are the most 1ImItmg The

Proposed Action will reduce flows to low levels (0-20 Lis) m the 15 Ian stream segment

nnmemately downstream of Hwarat WeIr The low flows may mcrease occurrence of anoXiC

condItions and deSSIcatIon of the channel would occur frequently, thus, most aquatIc bIOta

would lIkely be extIrpated The low flows would be enough to mamtam an area of emergent

vegetatIon m the stream channel (pnmanly reeds) and support contmued presence of a well

developed commuruty of tamarlX and oleander at the channel margms The vegetated area

will contract somewhat and the eXlStmg open water m the center of the channel will become

overgrown The vegetatIOn changes will adversely affect bIrds that explOIt open water m

nverme areas, such as larger herons and kIngfishers, whIle habItat for wadmg bIrds that

prefer cover, such as bItterns, small herons and rails will be mamtamed As the vegetated

area contracts, there may also be some reductIOn of the quantIty of cover and roostmg

habItat for songbIrds

In the area affected by salIne sprmgs, mlXlllg of low flows of polluted water WIth salIne

groundwater will result m much-lffiproved levels of nutnents and BOD There will be a small

reduction m SalInIty of the sprmg water (on the order of 0 2-0 5 dS/m) when settlmg basm

overflow IS operatmg, however, salmIty will be more stable than under present condItIOns

Because channelIzatIOn of the streambed to aVOId mlXffig IrngatIOn water and sprmg water

will no longer be necessary, nparIan and aquatIc emergent vegetatIOn, prlffianly halophytIC

speCIes, will become establIshed The area should support a greater dIverSIty of aquatlc lIfe

as condItIOns will be more stable and dIsruptIOn of the streambed will no longer occur

Vegetation will probably be ltrnited m dIverSIty by grazmg lIvestock and by SalInIty Oleander

and reeds are lIkely to be the most conspICUOUS plant speCIes Use of thIs area by bIrds will

mcrease as vegetatIon becomes establIshed Open water bIrds and songbIrds are most lIkely

to benefit
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Table 4-4
Effects of alternatIves on fish, wIldlIfe and habItat m Zarqa River

No-ActIon Thahab to Abu Zelghan
Margmal for FISh, OK for
mvertebrates able to tolerate
eutrophic condItIolIS and rapId
fluctuatIolIS m flow and/or
sabmty

PROPOSED Thahab to Hwaret. Margmal Thahab to Hwaret. Same as
ACTION for FISh, OK for mvertebrates No-ActIon
Hwarat able to tolerate eutrophic Hwaret to Abu Zelghan
PIpelme com!ItIons and rapId fluctuatIolIS Tamanx and oleander m

m flow upper 15 km BrackISh
Hwaret to Abu Zelghan Upper emergents (recovenng) and
15 km U1ISwtable for aquatIc grasses m channel With
hfe Lower 3 2 km OK for fish npanan oleander m
and aquatIc lIfe able to tolerate downstream 3 2 km
brackISh condItIolIS

PROPOSED Thahab to Hwaret Margmal Thahab to Hwaret. Same
ACTION for FISh, OK for mvertebrates as No-ActIon

With able to tolerate eutrophic Hwaret to Abu Zelghan
MItigatIOn condItIolIS and rapId fluctuatIons Moderate tamanx and

m flow oleander m upper 1 5 Ian
Hwaret to Abu Zelghan Upper BrackISh emergents
15 km margmal for fish and (recovermg) and grasses m
aquatIc lIfe able to tolerate channel Wlth sparse npanan
eutrophic condItIons and low oleander downstream m
flow Lower 3 2 km OK for fish 25 Ian above Abu Zetghan
and aquatIc hfe able to tolerate
brackIsh conditions

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

AlternatIve

Hwarat
Canal

Pipehne

Thahab
Pipelme

FISh and AquatIc LIfe

Same as Proposed ActlOn

Thahab to Hwaret Unswtable
for FIsh, OK for mvertebrates
able to tolerate eutrophic
conmtIons and frequent penods
of deSSIcatIon durmg wmter
Hwaret to Abu Zelghan Upper
15 km as for ThalIab to Hwaret
segment Lower 32 km OK for
fish and aquatIc 1J.fe able to
tolerate brackish conmtlOllS

Vegetation

Thahab to 2.2 km below
Hwaret. Heavy npanan
tamanx and oleander ThIck
emergents m channel, reeds
at channel margms
2.5 kIn above Abu ZeIghan
Channel vegetatIon removed,
sparse npanan oleander

Same as Proposed ActIon

Thahab to 2.2 km below
Hwaret Moderate npanan
tamarlX and oleander
Reeds m channel
2.5 km above Abu Zelghan
Brackish emergents
(recovermg) and grasses m
channel Wlth sparse npanan
oleander downstream
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Migratory and
ResIdent Bad HabItat

Thahab to Abu Zelghan
Open Water brrds 
Good,
ThIck Cover water brrds
- Good,
Songbrrds - Excellent,
Shorebrrds - Farr,
Small Raptors - Farr
Large Raptors - Poor

Thahab to Hwarat.
Same as No-ActIon
Hwarat to Abu Zergban
Open Water brrds 
Good,
ThIck Cover Water brrds
- Farr,
Songbrrds - Good,
Shorebrrds - Poor,
Small Raptors - Farr
Large Raptors - Poor

Thahab to Hwarat
Same as No-Actlon
Hwarat to Abu ZelglIan
Open Water brrds 
Good,
ThIck Cover Water brrds
- Good,
Songbrrds - Excellent,
Shorebrrds - Farr,
Small Raptors - Farr
Large Raptors - Poor

Same as Proposed ActIon

Thahab to Abu ZeIghan
Open Water brrds - Farr,
ThIck Cover water brrds
- Farr,
Songbrrds - Good,
Shorebrrds - Poor,
Small Raptors - Farr
Large Raptors - Poor
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WIth the mmllmum flow release proposed as a mItigatIOn measure, the Proposed ActIOn

would Improve the stability of aquatic habItat m the area upstream of the salme mflows

Water qualIty would not unprove over the No-ActIOn Alternative and thus would remam

margrnal The mmunum flow would mamtam greater dIversIty of ffild~channelemergent

vegetation and, possIbly, denser rIparIan vegetatIOn than the Proposed ActIOn wIthout

mItigation Effects on the brackIsh water segment would be snrular to the Proposed ActIOn

The Hwarat canal-pipelme alternatIve would have the same effects as the Proposed ActIOn

The Thahab plpelme alternatIve would affect an addItIOnal 5 2 km of freshwater stream

channel, compared to the Proposed ActIOn The effects on tlus area would be smular to

those expected to occur m the 15 kIn reach upstream of the salme sprmgs followmg

ImplementatIOn of the Proposed ActIOn The greater extent of the effects on aquatic lIfe and

vegetatIOn would reduce habItat SUItability for bIrds compared to the Proposed ActIon

4 45 OperatIon Effects on Human Uses of Water m the Zarqa RIver and IrrIgated

Areas (Table 4-5)

The Zarqa RIver m the project area IS used by pastoralIsts for grazmg and watermg lIvestock,

by the local populatIOn for varIOUS types of washIng and bathIng and by farmers for IrrIgatIOn

Most farmers m the area are supplIed WIth IrrIgatIOn water from taps on the ZC I pipelme

There are three farms on the south SIde of the rIver between Thahab and Abu Zeighan

WeIrs that pump water dIrectly from the rIver for rrrIgation purposes All farms along the

rIver downstream from Abu Zeighan Werr are supplIed WIth water from ZC I, ZC II or the

KAC

Use of the rIver by pastoralIsts occurs both upstream and downstream from Abu Zeighan

Werr The water qualIty for lIvestock IS typIcally m the "very satIsfactoryll range8 upstream

from the salme mflows (when there IS flow below Thahab Werr) and, dependmg on the flow

past Thahab WeIr, may be m the "very satlsfactory" or "satIsfactory" range above Abu

Zeighan Werr Below Abu Zeighan Werr, water qualIty for pastoral use IS m the

"satIsfactory" or "lImIted use" range, dependmg on the exact BC of the salme sprmg mflows

8 Ayers, R Sand D W Westcot 1985 Water Quahty for Agnculture FAO Imgatlon and Dramage Paper
No 29, Rev 1 Uruted NatIons Food and AgrIculture OrgaruzatlOn, Rome
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Table 4-5
Effects on human uses of the Zarqa RIver and m the areas lITigated from the KAC-s

IrngatIon Not IrngatIon
useable Moderate-Severe
Pastorahsts RestnctIon - 100's
"SatIsfactory" or of users
"LlIDlted Use" Pastorahsts "Very
Bathmg- None? SatIsfactory'
Washmg" SUItable Bathmg" None

WashIng- None

I
I
I
I
I
I
I

AlternatIve

No-Action

PROPOSED
ACTION

Hwarat
PIpelIne

Thahab to Hwarat
(5.2 rIver km)

IrngatIon Moderate
RestnctIon - one user
Pastorahsts "Very
SatIsfactory"
(OccasIonal No Flow)
Bathmg- None
Washmg- Llll11ted

Same as No-ActIon

Hwarat to Abu
Zelghan

(47 river km)

IrngatIon Moderate
Severe RestnctIon 
two users
Pastorahsts "Very
SatIsfactory" or
"SatIsfactory"
Bathmg" At Spnngs
Washmg- LlIDlted

IrngatIon No Flow 
two users
Pastorahsts 15 Ian 
No FloW; 32 Ian
"SatIsfactory" or
"Llllllted Use"
BathIng" At Spnngs
WashIng- Swtable

Below Abu
Zelghan

(17 river km)

Same as No
ActIon
(flow volume
mcreased)

IrrIgated Areas
(42,000+ du)

IrngatIon
Moderate
RestnctIon - 100's
of users
Pastorahsts "Very
SatIsfactory"
BathIng- None
WashIng None

I
I
I
I
I
I
I
I
I
I
I

PROPOSED
ACTION

With
MitIgatIon

Hwarat
Canal

PIpelIne

Thahab
PIpelme

Same as No-ActIon

Same as No-ActIon

IrrigatIOn No Flow 
one user
Pastorahsts "Very
SatIsfactory" (Frequent
No Flow)
Bathmg None
WashIng- Llffilted use

IrngatIon Same as
No-ActIon
Pastorahsts 1 5 Ian 
"Very SatIsfactory",
3 2 Ian - SatISfactory"
or "LimIted Use"
BathIng- At Sprmgs
Washmg Swtable
(lower 32 Ian)

Same as Proposed
ActIOn

Same as Proposed
ActIon
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Same as Proposed Same as Proposed
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(the hkely EC IS 8±1 dS/m whIch hes at the boundary between the two quahty ranges)

Cohform bactena levels m the water m the mam channel make It of hmIted SUItability for

human contact uses Use of water from the nver for bathmg occurs at two large thermal

sprmgs (Man Sprmg and Woman Sprmg) Thus, bathers are not subject to contact WIth

bactena-contammated water at the bathmg sItes Use of the water for washmg clothes,

hvestock, agncultural velncles and eqUIpment and gravel washmg occurs both upstream and

downstream from Abu Zeighan WeIr, thus the salmIty does not appear to be great enough to

restnct those uses

The Proposed ActIOn would affect two farms that draw water drrectly from the nver channel

for rrngatIOn The flow requrrement for those farms IS small compared to flver flow and

would hkely be more than satISfied by the settlmg basm overflow, however, WIthout a

ffiffilffium flow requrrement there would be penods of no flow when rrngatIOn could not be

accomphshed The Proposed ActIon would also affect hvestock use m the 1 5 km segment

above the sahne sprrngs The loss of flow would be penodic and pastorahsts would be

requrred to move flocks 1 5 km downstream to obtam water from the flver channel The

quahty of water would be m the "satISfactory" to "hmIted use" range, as dIScussed above The

1 5 km segment would also be unavailable for washIng, however, rIver water for washIng

would be no more than 08 km from eXlstrng dwellrngs ProvislOn of a 20 L/s contmuous

mffilffiUffi flow (Proposed ActIon WIth mitIgatlOn) would be suffICIent to meet all use

requrrements rn the 1 5 km segment

Effects of the Hwarat canal-pipehne alternative are eqUIvalent to those of the proposed

actIon The Thahab pipehne would affect an addItional 5 2 km of flver channel Tlus would

affect one addItIonal farm and make access to water for hvestock and washrng (when there IS

no flow from the setthng basm) more dIffIcult

4 5 ALTERNATIVES ELIMINATED FROM CONSIDERATION

4 5 1 ConstructIon of a Plpehne from KTD to Abu Zelghan Canal

ThIS alternatIve was developed before It was determrned that any conveyance losses and

water quahty degradatIon were occurrmg only rn the lower reach of the flver from Hwarat

Werr to Abu Zeighan Canal The benefIts denved from thIS alternatIve could be obtarned at
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sIgmfIcantly less cost by constructIon of a pipehne dIverSIon around the reach of the flver

where water qualIty degradatIOn and losses occur, therefore, thIs alternatIve was elmunated

from consIderatIOn

4.5.2 Improvmg the RIver Bed

'Tlu.s alternative ongmally consIdered use of a constructed channel (canal) m the nver

channel or membrane hner for the rIver bed to reduce seepage losses ConstructIon of a

canal was consIdered meffectIve because of the 38 m drop m head between Hwarat and Abu

Zeighan Werrs would necessItate constructIOn of a number of drop structures that would

raISe the cost of the canal to a level eqillvalent to a closed condillt In addItIOn, leakage at

expanSIOn Jomts would lIkely allow mtruslon of sahne flows mto the canal, thus reducmg Its

effectiveness at mamtammg water qualIty

A membrane was conSIdered meffectIve because It would be subject to crackmg or nppmg

that would allow losses or mtruSIOn of sahne water In addItion, because the sahne sprmgs

are flowmg, the nnpervIOus barrIer rrught only force sprmgs to dIScharge up-bank or m

another location that mIght eventually allow salme water to return to the flver Thus

performance of thIs measure could not be guaranteed

4.5.3 Use of a Deep Cutoff Wall

ThIS alternatIve was conceIved to mtercept flow travelhng downstream m the gravel and

allUVIUm of the rIver channel and return It to the surface Tlus optIOn would potentially be

effectIve m SItuatIOns where the flow drrected to the surface could be dIverted for use

Because the only area conSIdered to have potentIal losses to the streambed IS m the area of

salme mflows, thIS alternatIve would only mcrease the volume of salme water, thus provmg

meffectIve for unprovmg water qualIty In upstream areas, where losses do not appear to be

apprecIable, construction of such a structure would mcrease cost WIthout guaranteemg

lffiproved performance

45 4 Preventmg SalIne Sprmg and Seep Water from Entermg the Channel

Tlus alternative was conceIved when the nature and extent of sprmgs and seeps m the

channel was not completely understood The sources of salme water are flowmg, thus any
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structural confinement may sunply lead to a shIft m the location of mflows as a result of

pressure buIld-up GIven that salme mflows occur throughout the reach between Hwarat

WeIr and Abu ZeIghan CanaL features constructed to mtercept and convey salme flows

downstream past Abu Zeighan Werr are hkely to be meffectIve

4.5 5 Power Generation Alternative

TIns alternatIve mvolved mcorporatIOn of a generation facility and re-regulatIOn reservorr at

Abu Zeighan Werr mto the scheme The most econOmIcally attractive facility would have a

pipelme from Thahab Werr and operate m a peakmg mode, coordmated WIth peakmg at

KID Tlus alternatIve was dropped from conSIderatIOn durmg the conceptual stage,

prunanly because the generatIOn potential and econOmIC return was conSIdered low relative

to the cost In addItIOn, peakmg operatIOns would have detnmental effects on natural

resources m the entrre channel between KID and Thahab Werr as well as dIversIOn effects

on the resources below Thahab Werr

4.5 6 Off-take from Zarqa Carner II

ThIS alternatIve would mvolve usmg the eXlStmg ZC IT pipelme for conveyance from Thahab

Werr to a pomt apprmamately 2 0 km from Abu Zeighan Werr (about 50 m downstream of

the eXlstmg branch for a small pumpmg statIOn servmg the Abu Zeighan village area), and

constructIOn of a new pipelme from the bIfurcatIOn pomt to Abu Zeighan Werr The

mcreased volume conveyed through ZC II under this alternatIve would result m large head

losses and water velOCIties ill the pIpe at near-maXImum levels for safe operatIOn To make

up for head losses that mIght harm eXlstmg ZC II consumers, a booster pumpmg statIOn

would have to be added downstream of the bIfurcatIOn AddItional desandrng facilities would

be requrred at Thahab Werr to accomodate the addItional volume and to protect the lmmg of

the eXIstmg cement-lIned pIpe ImplementatIon of thIS alternatIve would requITe more tune

than other alternatIves that were retamed for conSIderatIon ThIS alternative also mvolves a

potentIal dIsruptIOn of servIce to much of the area served by ZC II durmg constructIon and

durmg any extended outage of the pumpmg statIOn The alternatIve mvolvmg a new pIpelIne

from Thahab Werr to Abu Zeighan Werr, descnbed m SectIOn 432, has fewer potentIal nsks

of servIce dIsruptIOn and greater fleXibility If future operatIOn requITes conveyance of greater

volumes, therefore, the ZC II Off-take alternatlve was rejected and Thahab to Abu Zelghan

plpelme was retamed for conSIderatIOn
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5 AFFECTED ENVIRONMENT

Durmg the scopmg process the followmg general areas were detenruned to be potentially

subject to drrect enVIronmental effects of the project

• The Zarqa RIver channel from the pomt of the flow dIversIOn (at Thahab or Hwarat

Werr) downstream to Abu ZeIghan Werr,

• Areas m and adjacent to the pIpelme (or canal) corndor m the Zarqa RIver valley area

from Thahab or Hwarat Werr to Abu ZeIghan Werr,

• The Zarqa RIver channel downstream of Abu ZeIghan Werr and areas adjacent to the

channel, and

• Areas rrngated from the KAC-s below the mtersectIOn of the Abu ZeIghan Canal WIth

the KAC ThIs mc1udes an area of 36,915 du deSIgnated by JVA as the "18 km

ExtensIOn ProJect" (FIgure 4-1), whIch mc1udes rrngatIOn development areas (DA's) 26,

27 and 28 Also mc1uded m the rrngated area are parts of DA 30 and parts of DA 25

that are served by Pump StatIOn 78

In addItIOn, the project will have mdrrect effects on an rrngated area known as the "145 km

ExtenSIOn PrOject," wmch IS south of the 18 Ian ExtensIOn The 59,750 du 145 km ExtenSIOn

(FIgure 4-1) IS presently bemg developed to store excess flows from the KAC-s and SIde

wadIS at Karameh Dam durmg the wmter months and pump back the stored water durmg

late wmter and spnng to mamtam rrngatIOn

51 ENVIRONMENTAL SETTING

5 11 Zarqa Ba8m

The Zarqa RIver IS a major trIbutary of the Jordan RIver that ongmates m the central part

of Jordan at an elevatIOn of about 1,600 m above mean sea level and joms the Jordan RIver

at an elevatIOn of about 300 m below mean sea level The Zarqa drams the eastern

escarpment of the Jordan RIver Valley and the edge of the elevated plams and deserts of the
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ArabIan and Synan plateaus The elevation of the escarpment vanes around 700 m wlule the

valley ranges from ~200 to -400 m The area of the dramage basm IS approxunately

3,540 km2

5 1.2 Cbmate and PrecIpItatIon

The general clImate of the Zarqa RIver basm IS a tranSItIOn between MedIterranean and and

clImate AltItude and latItude are the effective factors controllmg weather Average daily

maxunum and mmunum temperatures are 45°C and 5°C, respectIvely There IS a rapId

decrease m relative hUmIdIty and precIpItation movmg east of the Jordaman HIghlands In

wmter, northeast wmds brmg contmental polar aIr from the mtenor of ASia and make the

Jordan Valley cool for Its latItude The mean temperature of the plateau of Amman durmg

January IS about 8°C compared to about 14°C m the Valley Ground frosts occur frequently

on the plateau durmg wmter mghts but are unusual m the Jordan Valley

A seasonal low pressure trough over the ArabIan Gulf, Iraq, Syria and Cyprus durmg summer

causes westerly wmds to enter Jordan from the MedIterranean FallIS aSSOCiated WIth a

change m the pressure system as the seasonal trough extendmg from Cyprus to Iraq begms to

rmgrate southeast MedIterranean depreSSIOns start developmg WIth contmental aIr from the

ASiatIc Steppes and warmer, mOIst aIr from the MedIterranean causmg a decrease m

temperature and the onset of seasonal frontal rams

Annual precIpItatIOn IS hIghest m the hIghlands and over the elevated edge of the Valley and

decreases gradually toward the eastern deserts Mean annual precIpItatIOn over the entIre

Zarqa RIver basm IS about 235 mm Average annual ramfall m the Valley IS about 200 mm

or less while preCIpItatIOn m the hIgher elevatIOns at the edge of the escarpment IS on the

order of 300-400 mID

51.3 Surface Water Hydrology

Present SItuatIon

The Zarqa RIver IS the second largest of the Jordan RIver tnbutanes The base flow yIeld

for the Zarqa Basm has been estlTIlated at 46 mI.1lIon CUbIC meters per year (Mm3/yr), flood
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flows contnbute an addItIonal 46 Mm3/yr9 The average annual flow IS on the order of

29 m3/s Water IS abstracted from the upper basm for mumcipal and mdustnal use m

Amman and other urban areas Water IS also abstracted for IrngatIOn m the uplands

MUnICIpal and mdustnal return flows are stored at KID to support rrngatIOn m the Jordan

Valley HarzaIO estImated that the average annual flow entermg the reservorr IS 23m3/s

About half of the flow entermg the reservorr IS denved from mumcipal and mdustnal return

flows, pnmanly from the Khrrbet as Samra treatment plant, whIch serves Amman

Flows m the Zarqa RIver at the sIte are controlled by the KID, whIch IS operated to provIde

water m support of lITIgated agnculture m the central and southern Jordan Valley

OperatIOn of the KID to satISfy rrngatIon demands has resulted m profound changes m the

annual hydrograph Under present condItIons, flows m the Zarqa RIVer below KID are

typIcally low durmg the wmter months and hIgh durmg the summer and early fall

The "natural" hydrograph would typIcally have annual maxnnum flows occurrmg durmg the

wmter and annual mIDlffium flows durmg summer and early fall Presently (under the no

actIOn alternatIve), flows of up to 28 m3/s (maxunum combmed flow for ZC's I and II) are

dIverted from the Zarqa at Thahab WeIr Flow m excess of the lITIgatIOn requIrement for

ZC's I and II IS passed at Thahab Welf and contillues downstream approXlffiately 99 km to

Abu Zeighan Welf where It IS dIverted, VIa Abu Zelghan Canal, to the KAC The present

dIversIOn affects the Zarqa RIver between Thahab Werr and the Jordan RIver (a dIstance of

apprOXImately 27 km) Because water IS released from KID to support lITIgatIOn, flows ill

the Zarqa RIver rarely exceed the quantIty requlfed for the lITIgatIOn dIverSIOns at Thahab

and Abu Zeighan Werrs Thus, the present SItuatIon mvolves dIverSIOn ofvrrtually all flows

released at KID from the 17 Ian fIver segment below Abu Zeighan Werr

The fIver segment from Hwarat WeIr to Abu Zeighan Welf IS affected by year-round sprmg

mflows, some of geothermal ongm The ffilXed illflow from sprmgs ill thIS segment has a

relatIvely hIgh salmIty (approxunately 7-9 dS/m) Appreciable mflows begm to occur

approxImately 13 Ian below Hwarat Werr Total flow accumulatIOn at Abu Zeighan WeIr IS

9 MffiIStry of MuruCIpal, Rural AffaIrS and the Enwonment 1991 Natlonal Enwonment Strategy for Jordan
mCN - the World Conservatlon Uruon, Gland 231 pp

10 Harza Engmeenng and ConsolIdated Consultants 1996 Zarqa RIver Conveyance Study, Phase A
Conceptual Study, Pan 3 - SelectIOn of Preferred Alternatlve
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150-300 Lis from sprrngs rn the segment below Hwarat WeIr Due to theIr lughly salrne

nature, the sprrngs adversely affect water qualIty rn the KAC durrng penods when flow below

the Thabab WeIr IS relatively low

JVA has channelJzed the streambed, divIdmg It into two separate channels, for a dIStance of

approxnnately 24 Ian above Abu Zeighan WeIr ThIs measure partIally separates salrne

sprmg mflows from the fresh water flowmg downstream of KID Upstream of the

channelJzed 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 roam channel

carnes a ITllXed salme and freshwater flow to the entrance of the Abu Zeighan Canal The

secondary channel dIverts approxnnately 25-40% of the salme mflow (about 80 Lis) over the

Abu Zeighan WeIr to contmue downstream

ChannelJzatIon of the nver above Abu Zeighan WeIr was done m response to problems WIth

sahruty m KAC that occurred durmg 1993 and 1994 Pnor to channelJzatIon all flow was

dIverted to KAC at Abu Zeighan WeIr The No-Action Alternatives assumes that

channelJzatlOn would contmue, thus a release of approxnnately 80 Lis of salrne water

lffimedmtely below Abu Zeighan WeIr would be contmued m the future

Likely Future Changes

Water supply m Amman explOits a number of sources outSIde of the Zarqa Basrn It IS lIkely

that addItional sources will be developed over the next ten years These sources will affect

the quantIty and qualIty of murucipal and mdustnal return flows reachmg the Zarqa RIver

These sources may result m an lffiprovement of the qualIty of water available for IrngatIOn,

however, other factors are lIkely to offset gams ill qualIty and quantity of return water

Several sources of groundwater servillg Amman are overexplOited at present and,

consequently, the qualIty of water from those sources IS detenoratmg In addItIOn, mcreased

return flows offer an opporturuty for mcreasmg the area of land under lITIgatIon m the

uplands JVA has mdicated that as addItIOnal return flows become available, up to 2 m3Is
will be dIverted to rrngatlOn projects m the uplands Return flows also will be allocated to

the 145 Ian ExtenSIOn Project At present, It appears that the qualIty of renovated water will

remam relatively unchanged while total volume will mcrease
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One of the sources that will be developed for mumcipal-mdustnal use m Amman IS the

Yarmouk RIver Thus, the volume of water reachIng the KAC-s from the KAC-n may

decrease m the future The recently completed peace treaty wIth Israel mcreases the amount

of Yarmouk water potentially avaIlable to Jordan by about 140 Mm3/yr Demand prOjectIOns

developed by Harza Groupll mdicate that, even considermg the peace treaty water fIghts, the

water supply shortfall for all uses m Jordan will be 429 Mm3/yr by the year 2000 Thus, It IS

unlIkely that the supply of Yarmouk water for rrngatIOn will mcrease There may be an

mcrease ill supply durmg the first year or two of the proJect, however, that will rapIdly be lost

and only those (flood) flows m excess of the capaCIty of murucipal-mdustnal dIverSIOn

facilities are are hkely to be avaIlable durmg willter months m the future Such flows will be

stored m a senes of dams m the Jordan Valley and used to support rrngatIOn along the

KAC-n, however, renovated water from the Zarqa RIver IS hkely to become more Important

as a source of rrngatIon m the future

5 1 4 Groundwater

The aquIfer system m North-Central Jordan IS classrlied mto two mam systems, the Lower

AquIfer System and the Upper AquIfer System The Upper AquIfer System IS not

represented ill the project area The Lower System 18 pnmanly composed of the Kurnub

Group of Early Cretaceous sandstones mtercalated WIth shale, lrrnestone, dolOmIte and marl

and the Zarqa Group of TnassIc-JuraSSIC Rocks The Zarqa Group IS sub-dIVIded mto the

Mam FormatIOn of shales, clays, marly lImestone, marls, calcareous sandstones, lImestones

and maSSIve gypsum beds and the Azab FormatIOn of lImestone, dolOmIte, sandstone and

shale

The major recharge area IS m the hIghlands, through the Upper AquIfer System Because of

the topography, there IS a groundwater dIVIde m the recharge area Water that flows west

appears as good qualIty water m sprmgs, seeps and baseflow from the Upper AquIfer System

(Kurnub FormatIOn) Most of the water flows eastward m the Upper AquIfer Complex and

mfIltrates downward When water fmally reaches the Lower AqUlfer Complex, It reverses

dIrectIOn and flows westward to be encountered m wells (flowmg or nonflowmg) or emerge as

sprmgs With thermal braclash water m the Jordan Valley The water qualIty of wells and

11 Harza Group 1995 The Water Conveyance System from Disi-Mudassara to Amman, Draft Conceptual
Study Report, Vol 3, FormulatlOn and Development of System Components
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sprmgs m the project area (Table 5-1) provIdes an mdicatIOn of general groundwater qualIty

m the project area12

Table 5-1

Results of chemical analyses of selected parameters from vanous

groundwater sources13 m the project area

EC Ca Mg CI N03 NH4 HzS

LocatIon (dS/m) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mgjL)

Test WeIll 855 3715 104 50 827 026 049

Test Well 2 1476 4669 166 1167 394 102 049

Abu Zeighan No 1 1185 422 115 7692 199 256 025

ManSprmg 688 2529 108 3595 57 128 025

Woman Sprmg 808 3343 65 424 261 102 <010

52 WATER QUALITY

Due to Its partlal ongm as muruclpal and mdustnal return flows from the Khrlbet As-Samra

wastewater treatment plant, water flowmg downstream of KID IS ennched WIth nutnents and

has a relatlvely hIgh BIOlOgical Oxygen Demand (BODs) Water qualIty data collected durmg

199314 and 199415 allow a companson between the qualIty of water m the KAC near Sawalha,

whIch IS representatIve of water qualIty m the relatIvely unpolluted Yarmouk RIver, and the

12 Harza Engmeenng and ConsolIdated Consultants 1996 Zarqa RIVer Conveyance Study, Phase A
Conceptual Study, Part 3 - SelectIOn of Preferred AlternatIve

13 Harza Engmeenng and Consohdated Consultants 1996 Zarqa RIver Conveyance Study Phase A 
Conceptual Study, Part 3 - SelectIOn of Preferred Alternative

14 ImgatIon Support PrOject for Asia and the Near East and Water and Envrronment Research and Study
Centre, UrnversIty of Jordan 1994 ImgatIon management and water qualIty m the Central Jordan Valley wmter
croppmg season

15 Water and Envrronment Research and Study Center - Uruverslty of Jordan 1995 ImgatlOn management &.
water quailty In the Central Jordan Valley (BaselIne Survey) Water QualIty Improvement and ConservatlOn
ProJect, Report 3114-95 3b-05
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qualIty of water from the Zarqa RIver at Thahab Werr (Table 5~2) The average

concentratIOn of ammoma mtrogen (NH4 ) was 6-8 mgjL at Thahab WeIr vs 01-03 mgjL m

the KAC-n, average mtrate mtrogen (N03) was 32-57 mgjL m the Zarqa and 11-15 mgjL m

Table 5-2

Results of water quahty analyses (mean and range) for selected parameters

m Zarqa River and Kmg Abdullah Canal for 199316 and 199417

Thahab WeIr KAC~n (SawaIha) KAC-s (MaadI)

Parameter Apr '93 Nov'93 Apr '94 Apr '93 Nov'93 Apr '94 Apr '93 Nov'93 Apr '94
to to to to to to to to to

Oct '94 Apr '94 Oct '94 Oct '94 Apr '94 Oct '94 Oct '94 Apr '94 Oct '94

EC (dSjm) 16 21 21 09 09 09 20 17 27

14-20 20-22 19-24 08-09 08-09 09-10 16-23 09-25 20-37

Ca (mgjL) 106 129 114 58 69 63 133 111 152
85-126 110-150 88-124 53-61 59-84 50-80 119-152 48-148 84-220

Mg (mgjL) 159 54 60 34 30 39 56 40 61
138-197 41-66 50-75 17-45 23-40 27-70 39-76 18-58 43-112

CI (mgjL) 264 327 382 104 106 148 350 278 464
241-325 291-355 317-568 86-112 82-121 108-482 283-424 121-429 112-700

BODs (mgjL) 20 28 23 17 6 6 32 15 4
6-30 15-35 4-40 7-27 3-13 0-20 11-55 8-29 0-13

NH4 (mgjL) 8 6 7 03 03 01 21 20 30
5-9 3-11 06-21 01-04 01-06 00-03 01-49 01-53 01-74

N03 (mgjL) 51 57 32 11 15 13 53 31 39
25-115 28-76 17-53 7-14 7-40 5-32 33-107 6-63 22-66

Fecal colJform 28x103 37x1(f 35x102 38x102 4 Ox102 34x103 48xHr 36x103 79x103

(MPN!lOO ml)

Total colJform 61x103 61xlO3 4 Ox103 54x103 43x103 53x103 5 Ox104 58x103 26x103

(MPN!lOO ml)

16 ImgatlOn Support PrOject for ASia and the Near East and Water and EnVIronment Research and Study
Centre, Uruversity of Jordan 1994 ImgatlOn management and water qualIty m the Central Jordan Valley, WInter
croppmg season

17 Water and EnVIronment Research and Study Center - Uruversity of Jordan 1995 Imgation management &
water qualIty m the Centra] Jordan Valley (BaselIne Survey) Water QualIty Improvement and ConservatIOn
ProJect, Report 3114-9S-3b-OS
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the KAC-n, and average BODS was 20-28 mg/L ill the Zarqa and 6-17 mg/L ill the KAC-n

Total colIform bactena counts were sumlar ill the Zarqa at Thahab Werr and ill the KAC

near Sawalha

Ennched water released at KTD IS subjected to aeratIOn ill the 13 Ian segment between KTD

and Thahab Werr AddItIonal aeratIOn of water mtended for KAC occurs ill the 99 km

between Thahab Werr and Abu ZeIghan WeIr The water qualIty benefit of addItIOnal

aeratIon between Thahab and Abu ZeIghan WeIrS appears to be relatIvely small The

reductIOn m average BODs was 0-14 mg/L (0-50%) between Thahab and Abu ZeIghan Werrs

durillg 1993-1994 BIOlOgIcal actIvIty and sprmg mflows (dilutIon) may further affect nutnent

levels Ammoma was reduced by 3-7 mgjL (50-75%), however, mtrate decreased by 2 mgjL

(4%) ill wmter, but mcreased by up to 6 mg/L (19%) m summer Fecal colIform bactena

levels typIcally mcreased between Thahab and Abu ZeIghan WeIrs, pOSSIbly due to use of the

stream channel for grazillg, while total colIform bactena levels typIcally decreased

53 VEGETATION

The fauna and flora of thIS area descrIbed here lays ill the DeIr Alla regIon wIth an average

ramfall rangmg from 150-300 mm/yr It hes ill the And MedIterranean and Saharan

MedIterranean bIOclunate zones The sOll type IS mamly sandstone and grarnte wIth

lunestone and hssan marls The vegetatIOn types found locally denve from both Irano

Turanean and MedIterranean bIOgeograpluc ecozones These bIOgeograpluc zones are

dIVIded to several sub-bIOgeograpluc ecotypes such as Steppe vegetatIOn, salme (halophytIC)

vegetatIOn and evergreen oak forests

Plants typICal of the steppe vegetatIOn around the Zarqa RIver illclude the followmg

• ZlZlphus lotus • PIStacla atlantlca • Retama raetama

• Tamanx spp (palaestlna) • AnabasIS synaca • Hammada spp

• Sa/sola spp • Cappans deCIdua • ArtemISta herba-

alba

• Noea muronata • Asphodelus mlCTocarpus • Uregmta mantlmta

• Ferula communIS • Gypsophlla arabIca • Astragalus spmosa

• Crocus spp
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54 WILDLIFE
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Other plant speCIes that typIcally occur m wet areas of the Zarqa River channel mclude

• Phragmltes communzs • Typha spp • Nerulm oleander

Lyclum spp

Suadea spp

Rhamnus palaestmus

Ostus vlllosus

Arbutus andrachue

•
•

•
•

•

Tamanx spp

Llmomum meyen

Frankenza pulverules

Ceratonza selzqua

Amygdalus spp

Calycotome vlllosa

Asparagus aphyllus

•
•

•

•
•

•

•

Querqus calltpnnus

Crataegus azarolus

Olea europea

Rubza olmen

funGus httoralzs

Nltrana retusza

Sonchus mannmus

•
•

•
•

•

InformatIOn on wrldlrfe and aquatic resources of the area IS lrmited to observatIOns and

professIOnal Judgement of local experts The Zarqa RIver channel ill the project area has a

hIstOry of dIsturbance and degraded water qualIty, therefore, It IS not recogruzed as a qualIty

resource However, the project area IS m the Dead Sea RIft Valley flyway, thus potential use

of npanan habItat by mlgratmg bIrds IS a major mterest The Jordan Valley IS descnbed m

•

The salme (HalopmtIc) vegetation found m the flver channel and along the banks of the

Zarqa down to Kmg Abdullah Canal and the Jordan River mclude the followmg

Herbaceous Bushes

• Dactylzs glomerata • Anemone coronana • Poa bulbosa

• Adonzs palaesnna • Orchzs anatohca • Euphorbza

hlerosolymltana

• Salvza spp • Alcea spp • Tultpa spp

•

Shrubs

Plants of the evergreen oak forest on the slopes of the mountams and m the areas around

KIng Talal Dam mclude the followmg

I
I
I
I
I
I
I
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"Important BIrd Areas m the Middle East"18 as "A major IDlgratIOn route and a notable

wetland sIte II

5 4 1 WIldhfe HabItat

Along the Zarqa RIver channel, dense npanan vegetatIOn provIdes cover, water IS avaIlable

and human dIsturbance IS reduced ThIS type of habItat IS relatIvely rare m Jordan and ItS

dIstnbUtlon IS bemg reduced by expandmg agrIcultural program and water dIversIOns

supportmg rrngation and mumcipal and mdustnal demands The vegetatIOn m the area that

will be affected by project operatIOn reflects eXlStmg condItions There IS a clear zonatIOn of

plant types rangmg from those requrrmg nearly permanently saturatIOn to those tolerant of

prolonged dry condItIons

The channel m the first 23 Ian downstream of Thahab Werr IS more often subject to

dessIcatIOn than areas further downstream In thIS area oleander and tamarlX are the

dommant vegetation WIth scattered patches of common reed At the pomt where the

overflow from the sett1mg basm for the ZC I and ZC II headworks enters the flver, emergent

aquatIC vegetatIOn such as reeds, rushes and sedges begms to appear along the edges of the

low flow channel Oleander and tamarlX are present m areas away from the low flow

channel, whIch may be dry for prolonged penods but that occaSIOnally expenence floodmg

AcaCIas occur along the tops of the banks m much of the area

The channel area downstream of Hwarat WeIr has a narrow band of emergent sedges and

cattaIls along the SIdes of the channel There are scattered clumps of common reed at the

bankside margrns of thIS area In the hIgh flow channel, oleander dommates WIth tamarlX

shghtly higher along the bank AcaCiaS occur at the tops of the banks Some of the plant

specIes, such as oleander, are highly tolerant of bracla.sh condItions

In the brackish area, the emergent vegetatIOn IS less conspICUOUS Rushes predommate and

oleander occurs m thIckets along the banks m places TamarlX IS present along the banks

The brackish channel IS more sparsely vegetated than freshwater areas upstream, however,

lIvestock use of thIs area appears to be more common than upstream as It IS closer to the

18 Evans, M I 1994 BrrdlIfe ConservatIon Senes No 2, Important Brrd Areas of the MIddle East BrrdLile
InternatIOnal, Cambndge, UK
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village of Abu Zeighan Grazmg pressure may account for the apparent decrease m densIty

of vegetatIOn

The vegetated area affected by braclash sprmgs IS approxnnately 1 0 Ian m length The

24 km of stream channel above Abu Zelghan WeIr have been modIfied usmg a bulldozer to

create two channels separated from each other by a low berm One channel IS used to

mtercept and separate some of the salme sprmg mflow from the flow from upstream and

dtvert the mtercepted salme flow over Abu Zeighan Werr The channeltzation has destroyed

much of the natural herbaceous and shrub vegetation m the channel and along the banks

Mature trees growmg along the banks and scattered clumps of oleander are the only

remammg vegetatIOn The streambed exposed by the channelIzatIOn IS largely gravel and

cobble-slZed rocks Grasses and other herbaceous plants grow along the banks and on the

berm Tlus area IS adjacent to Abu Zeighan village, and IS frequently used by lIvestock

Downstream of Abu Zeighan WeIr the channel shows the effects of the long penods of

deSSIcatIOn assocIated with over 10 years of flow dIverSIon from the Zarqa River channel to

Abu Zelghan Canal at Abu Zelghan Werr Wtldltfe habItat IS margmal Flow presently bemg

diverted over Abu Zeighan Werr (estlffiated at 80 Lis) 15 contamed m a narrow (2 m-wIde),

low-flow channel The normal htgh-flow channel IS approxunately 30-60 m WIde The htgh

flow channel IS open and grassy wIth sparsely scattered oleander along the banks The area

along the nver from Abu Zelghan downstream to the Yarmouk-Dead Sea Road crossmg near

Arda IS densely populated The floodplam IS used for agnculture where salls are SUitable and

IS open "waste land" m some areas conSIdered unSUItable for agrIculture In the downstream

areas of agrIcultural and waste lands, human dIsturbance may be low enough to allow

occaSIOnal use of the area by waterfowL wadmg brrds and shorebrrds

Wtldltfe habitat, particularly for brrds, along the nver channel m the freshwater zone between

Thahab Werr and 13 km downstream of Hwarat Werr IS diverse With a vanety of plant

growth forms provldmg cover, foragrng area, pOSSIble nestmg SItes and roostrng opporturutles

for a vanety of ffilgratmg and reSident bIrd speCIes The flver channel Itself proVIdes

potentIal foragmg habItat for wadmg bIrds and kmgflshers, several species of wmch were

observed ill the area durmg January 1996 The nver also acts as a key water source for

mammals and amphtbtans
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54.2 BIrds

The RIft Valley IS a major ITI1gratory flyway for Europen and EuraSIan bIrd specIes that

wmter m AfrIca The vegetated wadIs along the margms of the RIft Valley provIde restmg

and foragmg habItat for nugrants passmg through the Jordan Valley The wetlands of the

Zarqa RIver have hIstoncally attracted a wIde vanety of ITI1grant bIrds19 Although ITI1gratory

bIrds use such areas opportumstIcally, npanan wetlands along the margm of the Jordan

Valley are decreasmg due to agrIcultural development Vegetated npanan areas, such as

those found m the project area, are also lIDportant habItat for many seasonal and year-round

reSIdent specIes BIrds use the npanan vegetatIOn for cover, foragmg and, for some SpecIes,

nestmg habItat Kmgfishers and herons feed dIrectly on fish, crabs and amphIbIans

DIverSIty and denSIty of plant specIes and the associated bIrd commumty may be adversely

affected by loss or reductIOn of streamflow Annex 1 presents a lISt of bIrd speCIes hkely to

be found m or pass through the project area

5 4.3 Mammals, ReptIles and AmphIbians

Due to overgrazmg, agrIculture and urban development ill the watershed very lIttle

mformatIOn IS known about the fauna of thIS area Human actiVItIes (huntmg, agrIculture,

deforestatIOn, dIverSIOn of surface waters for mumclpal, mdustnal and agncultural use) have

caused the dIsappearance of many lIDportant ammal speCIes of the area, partIcularly larger

mammals The speCIes lIkely to be present m the area mc1ude those that are more more

tolerant of human actiVIties or less susceptible to huntmg The lIst of speCIes that may occur

m the Zarqa RIver Valley area from KID to the Jordan Valley, mc1udmg the valley slopes

and hillSIdes, IS presented ill Annex 2

One of the reptile speCIes lIsted m Annex 2, the MedIterranean tortOIse IS conSIdered

endangered20 TIus specIes IS assOCIated WIth the MedIterranean vegetatIOn on the hillSIdes

19 Anderson, I J 1995 The BIrds of the HashemIte Kmgdom of Jordan Burns & Hams Ltd Scotland 185
pp

20 Mlllistry of MUillClpal, Rural Affarrs and the EnVIronment 1991 National EnVIronment Strategy for Jordan
IUCN - the World ConservatIOn Uillon, Gland 231 pp
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and at lugher elevatIons In the draInage basIn and IS not expected to occur m the area below

Thahab Werr

54 4 AquatIc Fauna

The aquatIc aruma! commumty present m the rIver between Thahab WeIr and Abu Zeighan

Werr may mclude amplubIans (toads, frogs - see Annex 2), a freshwater crab, fish, aquatIc

msects, IDlCfocrustaceans, and algae The number and dIversIty of larger aquatIc forms, such

as fish, IS lIkely lIIDIted due to frequent dIsruptIons of flow and eutropluc condItIOns

ObservatIons of brrd actIvIty m the area (kmgfishers and herons) mdicates that fish and/or

amplubIans are present The presence of freshwater crab was also noted It should be noted

that nutnent-ennched water released from KID may affect the densIty and types of

vegetatIon and the aquatIc commumty - reducmg dIverSIty somewhat and mcreasmg densItIes

of specIes adapted to eutropluc condItIons

In the area affected by salme mflows, the dIversIty of the nparIan vegetatIOn and aquatIc

commumty are restrIcted to specIes tolerant of braclash condItIons The aquatIC fauna able

to tolerate the range of salmItIes that lIkely occurs m thIS area IS diverse21 FISh populatIons

are lIkely severely lIIDIted by occaSIOnal, abrupt mterruptIons of flow and enrIched condItIOns

There IS lIttle mformatIOn concernmg the aquatIc mvertebrates, but most probably such

speCIes are common to flowmg wadIS and salme sprmgs throughout the Jordan Valley (Annex

3) In thIs area, channelIzatIOn of the streambed has occurred, further dISruptmg the natural

commumtIes The area of salme mflows IS also subject to mcreased human pressure from

lIvestock grazmg on vegetatIon m and adjacent to the stream channel

5 5 HUMAN ENVIRONMENT

55 1 Cultural Resources - AntIqwtIes

The proposed actIOn and feaSIble alternatIves will mvolve constructIOn-related excavatIOn m

areas that have been prevIOusly dIsturbed by mstallatIOn of ZC I and ZC IT and the

abandoned canal No antiqUIties were reported durmg constructIOn of those water

21 Remane, A and C SchlIeper 1971 BIOlogy of BrackIsh Water John Wiley & Sons, Inc New York, 372
pp
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conveyance projects DISCUSSIons wIth the Amencan Center of Onental Research ill

Amman22 have revealed that an Early Bronze Age sIte, consIdered potentIally hIghly

sigruficant on the basIS of a prelnrunary excavatIOn m 1994, IS located on the hillsIde

apprOXImately 300-400 m east-southeast of Abu Zeighan Bndge The SIte IS at an elevatIOn

apprOXImately 10-15 m above the nverbed No other SItes are known m the constructIOn area

of the Proposed ActIOn

On 11 March 1996, a SIte VISIt was conducted by Mr A Abu Dayyeh, Project Manager,

Hentage Resources Project, Department of AntIqUltIes Mr Dayyeh found no antIqUltIes

along the proposed alIgnment of the pipelme for the Proposed ActIon The Department of

AntIqUIties has stated that they have no ObjectIOn to constructIon of the proJect, It prOVIded

that the Contractor keep thIs department Informed on any antIqUItIes that may be found

durmg constructIOn A copy of the letter from the Department of AntIqUlties IS mcluded m

Attachment 1

5.5.2 Agricultural ActIVIties

IrrIgated agrIculture IS the mam human actiVIty m the area affected by the project From

Thahab WeIr to about 08 km below Hwarat WeIr agncultural actIVIty IS restncted largely to

cultIvatIOn along a narrow floodplaIn terrace Three small ohve groves (approx 5 du each)

are located on moderate slopes above the floodplam terrace ill thIs area The area SUItable

for cultIvatIOn IS generally restncted to one bank of the nver, the nver IS cuttmg at the foot

of steep slopes on the OppOSIte bank and there IS no room for cultIvatIon The Zarqa CarrIer

plpelmes cross the flver at three pomts between Thahab and Hwarat WeIrS thus staymg on

the SIde WIth the broader floodplam terrace PressurIZed drIp lffigatIOn of most areas IS

supported by taps on the ZC I pIpelme The prImary crops observed durmg January 1996

were tomatoes and omons One farm operatIon IS beheved to use a portable IrngatIon pump

to draw IrrIgatIOn water from the nver There IS a plastIc greenhouse operatIOn (SIX

greenhouse umts) on the left bank of the nver about 05 km downstream of Hwarat WeIr

From about 08 km below Hwarat WeIr to Abu ZeIghan WeIr, the flver leaves the foothills

and enters the Jordan Valley The floodplam becomes broader and gently slopmg terraces

are found along both banks The areas under cultIvation support tomatoes, omons and fIeld

22 Meetmg Wlth PIerre Bik31, Drrector, Amencan Center of Onental Research, February 13, 1996
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crops CItruS orchards (10-20 du) are located to the north of the pipehne corndor and at the

western foot of the hill on wInch Abu Zeighan village IS located A CItruS grove IS also

located on the hillSIde south of Abu Zeighan village above the edge of a steep nverbank

escarpment Crops are also grown on the hillSIde south of the nver at Abu Zeighan village

and about 15 km upstream of Abu Zeighan bndge A pumpmg statIon adjacent to Abu

Zeighan bndge, sItuated on a branch from ZC IT, pumps water to a reservorr above Abu

Zeighan village to support rrngatIOn on the lnllside The lnllside farms upstream of the

bndge pump water from the nver channel (two pumps are VISIble)

The Proposed ActIOn and feasIble alternatIves will affect agrIcultural areas m the central and

southern Jordan Valley The area that will be drrectly affected by project operatIOn IS known

as the 18 km ExtensIOn Project, an area of approXlIllately 38,000 du comprnmg N A

Development Areas (DA's) 26, 27 and 28 AddItIOnal areas m the MIddle Jordan Valley

ProJect's DA 25, served by NA Pump StatIOn 78 (about 1,000 du), and DA 30 ("Zarqa Zor"

4,258 du) also use water from the KAC-s Areas that may be affected durmg constructIOn

mclude those served by ZC I (DA 29, approXlIllately 10,000 du) and ZC II (DA's 22,23,24,

and 25, approxunately 42,000 du), m the central Jordan Valley Fmally, the area known as

the 145 km ExtensIOn Project will be mdrrectly affected by project operatIon ThIs area of

59,750 du IS presently bemg developed around the Karameh Dam project When completed

m 1997, Karameh Dam will store excess flow from the KAC-s durmg the wmter months

TIns will mclude a substantIal contnbutIOn of flows from KID and the Zarqa RIver TIns

project will pump back stored water durmg the sprmg and summer months to support

IrngatIOn ill the area south of the 18 km ExtenSIOn Project Almost all lITIgated areas m the

central and southern Jordan Valley have been converted from surface rrngatIOn to

pressurIZed dnp systems PlastIc greenhouses are WIdely used for some crops AllrrngatIOn

m the Valley will be converted to pressurIZed dnp by 199723

The 18 kIn ExtenSIOn area presently comprISes approXlIllately 70% of the South Shuna

(Shuna JanobIa) statIstIcal area TIns area accounted for about 62 percent of the total area

under cultIvatIOn m Jordan durmg 1994 (Table 5-3) The Annual Agncultural StatIStIcs for

199424 mdicate that 34,281 du were cultIvated m South Shuna durmg 1994 ThIS mcluded

15,242 du of frUlt (mcludmg CItruS, bananas, deCIduous frUlts, grapes, date-palm and olIves),

23 AvedIs SerpekIan, JVA OperatIOn and Mamtenance Department Personal Commurncatlon

24 Department of Statistics, Hasheffilte Kingdom of Jordan 1995 Annual Agncultural Statistics 1994
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5,522 du offLeld crops (pnmanly barley, wheat and maIZe), 12,366 du of autumn (or wmter)

vegetables (pnmanly eggplant, lettuce, squash, broad beans and cauhflower), and 1,151 du of

summer vegetables (pnmanly melons, eggplant and tomatoes) Regardmg the dIStnbutIOn of

varIOUS crops, the southern sectIon of the South Shuna area, the HlSban-Kafrem Project, has

relatively lugh water qualIty and accounted for over 90 percent of the banana productIOn ill

the area (9,508 du) while about 75 percent of the productIOn of other frUIts and 80 percent of

the vegetable productIOn IS located ill the 18 Ian ExtenslOn25

Table 5-3

Areas (du) under cultIvatIon m Jordan durmg 1994 for variOUS types of crops26

Fruit Field Vegetables Vegetables

Statistical Area Crops (Autumn) (Summer) TOTAL

AI Aghouar 80,525 43,550 110,966 41,586 276,627

AI Aghouar es-ShamalIa 51,582 17,502 29,996 20,145 119,225

Darr AlIa 12,115 18,890 35,619 10,949 77,573

Shuna Janobla 15,242 5,522 12,366 1,151 34,281

Gur Essafi 1,585 1,636 35,985 9,341 48,547

TOTAL 161,049 87,100 224,932 83,172 556,253

The area under cultIVatIOn ill the southern Jordan Valley durmg 1994 (a relatively dry year)

was approXImately 63 percent of the total area available (summer vegetables excluded as they

represent a IIdouble-cropped" area) Data for 199027 (a relatIvely wet year) illdIcate that 85%

of the area was under cultIvatIon Tlus illustrates annual vanability m land utilization that

appears to be dnven by water availability Areas not cropped are left fallow

25 JVA Unpubhshed data for water allotments, May and November 1994

26 Department of Statistics, HasheJnJte KIngdom of Jordan 1995 Annual Agncultural StatIStics 1994

Zl Department of StatistiCS, the HasheJnJte KIngdom of Jordan 1991 Annual Agncultural StatIStiCS 1990
Data reproduced ill A Z Y Salman 1994 On the econoJnJcs of lITIgation water use ill the Jordan Valley
Ph D Dissertation Umverslty of Hohenhelffi
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Data for the central Jordan Valley mchcate that 52 percent of the farms are owner-operated

and the remamder are leased HIred managers operate about 30 percent of the owner

operated farms and 19 percent of the leased farms28 Most lease arrangements mvolve

payment of a flat rate per dunum of land Share croppmg IS practIced on about 10 percent of

the leased farms Labor m the agrIcultural sector IS largely provIded by foreIgn laborers

FamIly labor was used on about 22 percent of the farms29 In the South Shuna area durmg

1994, permanent agrIcultural labor compnsed 435 non-Jordamans and 62 JordanIans, whIle

occasIOnal labor was provIded by 3,974 non-Jordamans30

The Jordan Valley contams relatIvely low numbers of hvestock, predommantly sheep

(116,000) and goats (40,000)31 Estlffiates of the number of hvestock ill the study area are not

avatlable, however, one small farm about 08 km from Hwarat Werr mamtams a small herd of

cows (5-10 head) and several large flocks of sheep and goats were observed m the VIClllity of

Abu Zeighan Pastorahsts make use of the nver for grazmg and watermg hvestock The

heaVIest use occurs m the area affected by salme sprmgs and downstream of Abu Zeighan

WeIr There IS conSIderable use of fallow fields, and crop stubble for grazmg

5 5.3 PopulatIon

The project area hes WIthm the Balqa Governorate The populatIOn of the Governorate m

1994 was 273,489, of whIch 178,056 (65%) hved m urban areas (populatIon of 5,000 or more)

Derr Alla IS the largest urban area m the VICilllty of the project Salt IS the largest urban area

m the Governorate In general, the populatIOn ill urban areas of Jordan has been mcreasmg

faster than that m rural areas due to both ffilgratIOn from rural areas and The Derr Alla

and South Shuna DIstncts, where the project IS located, are largely rural WIth a populatIOn of

28 ImgatiOn Support Project for ASIa and the Near East and Water and Envrrorunent Research and Study
Centre, UruversIty of Jordan 1994 IrngatIon management and water quallty m the Central Jordan Valley, wmter
croppmg season

'}f) ImgatIOn Support Project for ASIa and the Near East and Water and Envrrorunent Research and Study
Centre, UruversIty of Jordan 1994 ImgatIon management and water quallty m the Central Jordan Valley, wmter
croppmg season

30 Department of StatIstICS, HashemIte Kmgdom of Jordan 1995 Annual Agncultural StatIStICS 1994

31 Ml1llstIY of MUruCIPal, Rural Affarrs and the Envrronment 1991 NatIonal Envrronment Strategy for Jordan
IUCN - the World ConservatIon Uruon, Gland 231 pp
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72,48232 The populatIOn growth rate m the Balqa Governorate IS projected at 3 46 percent

for 1994-2000 The growth rate IS expected to declme m the future, however, the populatIOn

of the Governorate IS expected to double by the year 2015

There IS a large component of non-Jordamans m the populatIOn of agrIcultural areas About

3/4 of the non-Jordaruan farm workers are from other Arab countnes, partIcularly Egypt

Wages for farm laborers m Jordan are about three tImes hIgher than wages for sImllar work

m Egypt33 About 1/4 of the non-Jordaman agrIcultural labor IS from IndIa and other ASian

countrIes

Approxunately 20 percent of the populatIOn aged 15 or older IS illIterate34 The

unemployment rate m 1994 was about 8 6 percenes TIns represents a decrease ill

unemployment compared to 1991, when the unemployment rate was 17 0 percent36 Nearly

95 percent of all homes have electncal selVlce and 96 percent are connected to the pubhc

water network

5.5 4 Pubbc Health

Water supply shortages are chromc durmg the summer months, wIth ratIOnmg m many areas

of Jordan ThIs may lead to dISeases associated wIth poor samtatIon Durmg 1994, the Derr

Alla Health DIstnct reported 1,438 cases of dIarrhea (12% of cases nationwIde)37 The

natIOnal mCIdence of typhOId and paratyphOId m 1994 (a dry year) was hIgher than that for

1988-1991 (157 cases) AmoebIC dIarrhea was reported III 517 cases

32 Department of StatIstIcs, the Hashennte KIngdom of Jordan 1995 StatIstical Yearbook 1994, Number 45

33 Salman, A Z Y 1994 On the econonucs of rrngation water use m the Jordan Valley Ph D DISsertatIOn
Uruverslty of Hohenhenn

34 Department of Statistics, the Hashennte KIngdom of Jordan 1994 DemographIc survey, Employment
Survey 1993, Fust Phase, Detalied Results

3S Department of StatIstIcs, the Hashennte KIngdom of Jordan 1995 DemographIc survey, Employment
SUlvey 1993, Second Phase, Detailed Results

36 Mmistry of Plannmg, Hashennte KIngdom of Jordan 1992 Plan for Econonnc and SOCIal Development,
1993-1997

37 MIDlstry of Health 1994 Annual report of the health momtonng department
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Cases of dIsease associated WIth water-related vectors were relatively uncommon Malaria

(246 cases) and bilharzia (1,788 cases) were mamly reported among vlSltmg non-nationals

MOSqUItos consIdered potential vectors of malana are present ill Jordan, however, control

programs and the scarcIty of standmg surface water for breedmg have VIrtually elImmated the

dIsease from the resIdent populatIon BIlharzIa IS not a senous problem because potentIal

host populatIOns of aquatIc gastropods are very lnmted ill dIStnbutIon
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6 ENVIRONMENTAL CONSEQUENCES

The Proposed Action mvolves constructIOn of a 3 5 km long pipelme dIversIOn around a

4 7 km segment of the Zarqa RIver The purpose of the pipelme IS to avoId IlllXIllg of water

mtended for rrngatron use wIth water from salme sprmg mfIows The downstream end of the

pipelme will be located at a SIte (Abu Zeighan WeIr) at whIch essentially all flow m the

Zarqa RIver channel IS currently dIverted from the nver (except durmg flood penods) The

project will affect the area m whIch the pipelme IS constructed, the nver segment around

whIch the dIversIOn occurs, a segment of the nver downstream of the dIVerSIOn and an area

that IS presently under lITIgatIOn The Zarqa RIver segments affected by the project are

presently affected by dIVersIOns, thus the project will mvolve changes m the nver segment

specllic flow regImes assocIated WIth the current dIversIOns The project does not mvolve

development of addItIOnal lands for IrngatIOn

6 1 CONSTRUCTION EFFECTS

6 11 Proposed ActIon - IRR3a

The the proposed PIPelme will be approxnnately 3 7 km m length The actual area requrred

for constructIOn will be about 10 m WIde to allow for excavation, lay-down and backfill

storage The pipelme will follow the abandoned canal for the fIrst 0 5 km, whIch will result m

dIsruption of cultivated land (vegetables) for about 0 1 km, the remammg land adjacent to the

canal m the segment below Hwarat Werr was not under cultivatIOn durmg wmter 1995-96

Tomatoes were under cultivation WIthIn 20-40 m of the lme m thIS area

In the next 1 4 km, the pipelme crosses the nver (a brIdge will lIkely be requrred), and

follows the canal alIgnment The pIpelIne alIgnment traverses cultIvated land (vegetables) for

about 08 Ian of the 14 Ian The pIpelIne passes withm 100 m of one dwellIng (and WIthIn

20 m of one outbmldmg housmg cows) and 30 m of another dwellIng along thIS segment

Because the pIpelIne will replace the abandoned canal, the area of cultivated land dIsturbed

by constructIOn m thIS area will be reduced At the end of thIS segment, the pIpelIne passes

withm about 30-50 m of a CItruS grove
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The plpehne dIverges from the canal ahgnment and follows along the west sIde of an eXlStmg

road to the edge of the nver Just west of the Abu Zelghan Bndge In the a7 km to the edge

of the nver, the plpehne traverses cultiVated land (vegetables and field crops)

After crossmg the nver (channel wIdth IS apprmumate1y 100 m), the plpehne follows a farm

road at the foot of the hill on wmch Abu Zelghan village IS sItuated The road IS adjacent to

vegetable nelds for approXlIllately a3 km and a CItruS grove for a2 km Four occupIed

dwellmgs and a mosque are on the h111sIde above the farm road, Wlthm 100 m of the pipelme

For the flnal 04 Ian segment to Abu Zeighan Werr the pipehne would be m the floodplam at

the foot of a 10-20 m escarpment A CItruS grove and vegetable fields are located at the top

of the escarpment Wlthm 100 m of the proposed plpehne route The closest approach of the

pipehne to the known Bronze Age antIqU1tIes SIte near Abu Zeighan village IS approXlIllate1y

05 Ian

The total area of cultivated land that potentially would be occupIed durmg constructIOn 18

approXlIDately 16 3 du that were under cultiVatIOn for vegetables and neld crops durrng wrnter

1996 and up to 0 6 du of CItruS grove

Dependmg on the tImrng of pipehne constructIOn, the area of vegetables and neld crops may

be realtIvely unaffected Summer constructIOn would aVOId damage to seasonal crops

Adverse construction effects on the CItruS grove will be aVOIded or mmlffilZed by alterrng

constructIOn practice and conductmg alliaydown and temporary storage of excavated

matenals to areas at eIther end of the segment passrng the grove ThIs would hmlt the

lffipact area to the WIdth of the trench adjacent to the road Loss of trees, productlOn from

WhICh would requrre a number of years to replace, can probably be aVOIded

ConstructlOn will take place adjacent to eXlstmg, paved roadways Dust effects from

constructlOn traffIC will be hmlted Dust generated durmg excavation and backfillrng of the

plpelme trench will have temporary effects on dwellmgs near the alIgnment About SIX

dwellmgs could be affected by dust If constructIOn occurs durmg the summer season (May

September), effects on crops will be mmlffial as no vegetables will be under cultlvatlOn dunng

that peflod At present, constructIon has not been scheduled
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OperatIOn of the plpelme will requIre very lIttle land area An area approxnnately 2 m m

width, dIrectly over the pipelme will be not be avaIlable for cultivatIOn Although JVA

discourages plantmg of crops dIrectly over buned pIpelInes, tlus appears to be a common

practice ill the project area In some areas crops are planted over the buned eXlstmg

pipelmes (ZC I and ZC II), however, where the eXlstmg pipelme alIgnments are adjacent to

roads, the edges of planted fields are typIcally 3-5 m from the pipelme alIgnment Assummg

that no plantrng will occur over the buned lme, approxnnately 3 8 du of cultivated land will be

removed from future productIOn The canal presently occupIes 2 7 du of land ill cultivated

areas, therefore, the Proposed ActIOn will rnvolve removal of an addItIOnal 1 1 du from

cultivatIOn

6 1.2 CanaI-Plpehne CombmatIOn - IRR3b

ConstructIOn effects of thIs alternative will be essentially the same as those descnbed for the

Proposed ActIOn The eXlstrng canal would be demolIshed and a new canal reconstructed

along the ongrnal alIgnment for apprOXImately 2 0 kIn The new canal would termmate at a

pIpelIne headworks The plpelme would branch from the eXlStmg canal alIgnment and over

the final 1 7 Ian follow the route descnbed for the Proposed ActIOn The canal-plpelme

alternative will requIre that more surface area be permanently removed from productIOn than

the pIpelIne descnbed as the Proposed Action Assumrng that no plantrng will occur WIthrn

one meter of the new, 20m Wide cana~ apprOXImately 5 6 du of cultivated land will be

excluded from future production The eXlStrng canal presently occupIes apprOXImately 2 7 du

of land rn cultivated areas, therefore, thIs alternative would result rn removal of an additIOnal

2 9 du from productIOn

OperatIOn of the cana~ rather than the proposed plpelme, may rncrease the potential for

contamrnatIOn of IrngatIOn water from IrngatIon return flows or fertilizer and pestiCide spills

The pOSItIon of the canal adjacent to eXlstmg roads also brrngs about the opporturuty for

contammatIOn from fuel spills of vehicle aCCidents

6 1.3 Plpelme from Thahab WeIr to Abu Zelghan Canal - IRR1

The the proposed plpelme will be apprOXImately 6 6 km rn length The actual area reqUIred

for constructIOn will be about 10 m Wide to allow for excavatIOn, lay-down and backfill

storage The plpelme will parallel the alIgnment for the eXlstmg ZC I and ZC II plpelmes
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In the fITst 0 2 km, mstallatIOn of a new plpehne from the weIr to the setthng basm and

expansIOn of the setthng basm will be necessary The area around the basm has been

stnpped to the subsoll by prevIOUS constructIOn and there IS suffiCIent room to carry out the

expansIOn wlthm the dISturbed area wIthout affectmg crops or natural vegetatIOn There IS a

small ohve grove (young trees) on the hillSIde south of the setthng basm, wlthm about 50 m

of the basm

There are approxnnately a1 km of cultivated areas (omans) near the plpehne ahgnment

(whIch IS along the nght, or north, bank) for the next 0 6 km A small ohve grove (mature

trees) wIth grape trellises along the roadSIde occurs on both sIdes of the road for the 0 1 km

The sectIon of grove on the north sIde of the road contmues for another 0 1 km There IS no

cultlvatlon for the next 0 1 km to the fITst stream crossmg

The pipehne crosses the nver twIce at a meander m the channel m the next 0 4 km There

was no cultivatIOn along thIS segment of the plpehne alIgnment CultIvatIOn along the

floodplam terrace on the left (south) bank IS supported by a tap on the ZC I lme between the

two crossmgs

For the next 1 1 km the plpehne alIgnment IS adjacent to the paved road There are two

cultivated areas (vegetables) alongsIde the road m thIs segment (06 km total) CultIvatIOn

(field crops and vegetables) also occurs on the OpposIte bank of the flver, wlthm 100 m of the

alIgnment, for about 0 3 km along thIS segment

The plpehne branches off from the paved road and crosses the flver, passes through a

cultIvated area (vegetables) and past SIX plastic greenhouses for 10 km Three dwelhngs are

located on the hillSIde above the plpehne and wlthm 100 m of the proposed ahgnment m thIS

area ThIS segment ends at the edge of the nver at the crossmg pomt for the abandoned

canal

In the next 13 km, the plpelme crosses the nver passes withm 20 m of one dwellmg (and

one outbuI1dmg housmg cows) and traverses cultIvated land (vegetables) for about 08 km of

the 13 Ian
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The pipelme dIverges from the canal alIgnment and follows along the west sIde of an eXlstmg

road to the edge of the nver Just west of the Abu Zeighan Bndge In the a7 Ian to the edge

of the nver, the pipelme traverses cultivated land (vegetables and field crops)

Mter crossmg the nver (channel wIdth IS approxnnately 100 m), the pipelme follows a farm

road at the foot of the hill on wmch Abu Zeighan village IS sItuated The road IS adjacent to

vegetable fields for approxnnately a3 Ian and a CItruS grove for a2 kIn Four occupIed

dwellings and a mosque are on the hillSIde above the farm road, WIthIn 100 m of the pIpelIne

For the final 04 kID segment to Abu Zeighan WeIT the pipelme would be m the floodplam at

the foot of a 10-20 m escarpment A CItruS grove and vegetable fields are located at the top

of the escarpment Withm 100 m of the proposed pipelme route The closest approach of the

pipelme to the known Bronze Age antiqUItIes SIte near Abu Zeighan village IS approXImately

0.5 kID

The total area of cultivated land that potentially would be occupIed durmg constructIOn IS

approXImately 22 6 du that were under cultIVatIOn for vegetables and fIeld crops durmg wmter

1996, 0 3 du of ohve grove and up to 0 6 du of CItruS grove

DependIng on the tImmg of pipelme constructIOn, the area of vegetables and field crops may

be realtIvely unaffected Summer constructIOn would aVOId damage to seasonal crops

ConstructIOn of the pipelme will hkely mvolve removal of some trees m the ohve grove

MItIgatIOn for thIs loss will be reqUITed Adverse constructIOn effects on the ohve and CItruS

groves will be aVOIded or ITl1l1lIDlZed by altermg constructIOn practice and conductmg all

laydown and temporary storage of excavated matenals m areas at eIther end of the segment

passmg the grove ThIS would lImIt the lIDpact area to the WIdth of the trench adjacent to

the road Loss of trees, productIOn from whIch would requITe a number of years to replace,

can probably be avoIded m the CItrus grove

ConstructIOn will take place adjacent to eXlstmg, paved roadways Dust effects from

constructIOn traffic will be hmited Dust generated dunng excavatIOn and backfillmg of the

pipelme trench will have temporary effects on dwellmgs near the alIgnment About nme

dwellings could be affected by dust If constructIOn occurs durmg the summer season (May

September), effects on crops will be mmlIDal as no vegetables will be under cultIvatIOn durmg

that penod At present, constructIOn has not been scheduled
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OperatIOn of the pipelme will reqUIre very lIttle land area beyond that occupred by the

settlIng basm (025 du) and the weIr An area approxunately 2 m m wIdth, dIrectly over the

plpelme will be not be available for cultivatIOn Although JVA dIScourages plantmg of crops

dIrectly over buned pIpelmes, tills appears to be a common practIce m the project area In

some areas crops are planted over the buned eXlstmg plpelmes (ZC I and ZC IT), however,

where the eXlStmg plpelme alIgnments are adjacent to roads, the edges of planted fields are

typICally 3-5 m from the pIpelIne alIgnment Assummg that no plantmg will occur over the

buned lme, approxnnately 7 0 du of cultIvated land and 0 3 du of ohve grove will be removed

from future production

62 EFFECTS ON STREAMFLOW AND WATER QUALITY

6.2 1 No-ActIOn Alternative

Presently (under the no-actIOn alternatIve), flows of up to 28m3/S (maXImum combmed flow

for ZC I and IT) are dIverted from the Zarqa at Thahab WeIr Flow m excess of the

IrflgatIOn requIrement for ZC I and IllS passed at Thahab WeIr and contmues downstream

approXlffiately 9 9 ian to Abu Zeighan WeIr where It IS dIverted, VIa Abu Zeighan Canal, to

KAC The present dIverSIOn affects the Zarqa River between Thahab WeIr and the Jordan

River (a dIstance of approXImately 27 ian) Because water IS released from Kmg Talal Dam

(KTD) to support IrflgatIOn, flows m the Zarqa River rarely exceed the quantIty reqUIred for

the IrflgatIOn dIverSIOns at Thahab and Abu Zeighan WeIrS Thus, exceptrng the dIverted

salrne sprmg flows of apprOXImately 80 Lis, the present SItuatIOn mvolves dIverSIOn of

VIrtually all flows from the 17 ian nver segment below Abu Zelghan WeIr

The flver segment from Thahab WeIr to Abu Zeighan WeIr expenences very vanable flows

Based on the maXImum IrflgatIOn requIrement for the KAC-s, the annual range m average

monthly flows below Thahab WeIr IS from 160 Lis to approxunate1y 16m3Is WIth peak flows

of about 25m3Is35 Natural flood flows are hIgher, but occur mfrequently Low flows often

occur durrng penods of natural rarnfall and there may be no release at Thahab WeIr for

extended penods durrng the wrnter months36 OperatIOn of ZC I and IT may result rn

dIverSIOn of all flow reachmg Thahab WeIr except for a small overflow from the settlIng

3S Harza and ConsolIdated Consultants 1996 Op cit

36 N A unpublIshed data
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basm The settlmg basm overflow return channel enters the Zarqa about 2 3 km downstream

of Thahab Werr, thus the 23 km reach below Thahab Werr expenences complete deSSIcatIOn

from tlffie to tlffie The vegetatIOn m the reach between Thahab Werr and the settlmg basm

return IS typICal of specIes adapted to penodIcally saturated condItions, bemg dommated by

oleander and tamarlX wIth scattered clumps of common reed The settlmg basm overflow IS

on the order of 10-20 Lis ThIs overflow appears to be suffiCIent to mamtam vegetatIOn

requlfmg more or less contmuously saturated substrates such as cattails, rushes and sedges, m

the reach downstream

The nver segment from Hwarat Welf to Abu ZeIghan Welf IS affected by year-round sprmg

mflows, some of geothermal ongm The ffilXed mflow from sprmgs m thIs segment has a hIgh

salmIty (EC of apprmnmately 7-9 dS/m) ApprecIable mflows begm to occur apprmamately

13 km below Hwarat Welf Total flow accumulatIOn at Abu ZeIghan Welf IS 150-300 Lis

from sprmgs m the segment below Hwarat Welf Due to thelf hIghly salme nature, the

sprmgs adversely affect water qualIty m the KAC durmg penods when flow below the Thabab

Werr IS relatively low

For several years, JVA has channelIzed the streambed, dIvIdmg It mto two separate channels,

for a dIstance of approxnnately 24 km above Abu ZeIghan Welf ThIs measure partIally

separates salme sprmg mflows from the fresh water flowmg downstream of KID Upstream

of 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 mlXed sahne and freshwater flow to the entrance of the Abu Zeighan Canal The

secondary channel dIverts approxnnately 25-40% of the salme mflow (about 80 Lis) over the

Abu ZeIghan Werr to contmue downstream

ChannelIzatIOn of 2 4 km of the nver above Abu ZeIghan Werr was done m response to

problems WIth SalmIty m KAC that occurred durmg 1993 and 1994 Pnor to channelIzatIOn

all flow was dIverted to KAC at Abu ZeIghan Werr ChannelIzation has had some

unanticIpated negative benefIts on water quahty as a "new", relatIvely hIgh-volume sahne

sprmg developed m the channelIzed reach m 1995 AdoptIOn of the no-actIOn alternatIve

would thus result m a release of apprmamately 80 Lis of salme water lffimedlately below Abu

Zeighan, assummg that the annual channelIzatIOn program IS contmued m the future

Although channelIzatIOn has had a hmited effect m lffiprovmg water quahty of the KAC-s, It

would be expected to contmue under the No-ActIOn AlternatIve
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6.2.2 DIverSIOn at Hwarat Weir

Both the Proposed ActIOn (IRR3a) and the Canal-PIpehne feasIble alternatIve (IRR3b)

would mvolve a diverslOn at Hwarat Werr The eXlstmg dlverslOn at Thahab Werr would

contmue to operate The reach of the Zarqa RIver between Thahab Werr and Hwarat Werr

would contmue to expenence fluctuatmg flows wIth penods of httle or no flow durmg the

wmter months, as would occur If the No-ActlOn AlternatIve were adopted

Zarqa RIver between Hwarat Well' and Abu Zeighan Well'

The 4 7 Ian reach of the Zarqa RIver between Hwarat Werr and Abu Zeighan WeIr will be

subject to dessicaton of the streambed for approXlffiately 13 Ian downstream ThIs area will

receIve mmnnal flow from leakage at Hwarat Werr and occaslOnal flood flows durmg wet

penods when the flow from wadIS exceeds the IrngatIon requrrements for ZC I, ZC II and

the KAC-s

The remamder of the reach will receIve mflows from sprmgs and seeps The mIXed mflows

are predomrnantly brackIsh m the mesohalme range (EC 7-9 dS/m) ThIs equates to a

reductlOn m the present range m EC WhICh IS about 1 5-10 dS/m dependmg on the flow from

KID whIch IS passed through the reach Because water ongmatmg at KID typIcally will not

be present m thIS reach ill large quantities compared to the mflows from sprmgs, the water

will be relatively free of bactena contammatIon and nutnents

Zarqa River between Abu Zeighan WeIr and the Jordan River

Water entermg the channel between Hwarat and Abu Zeighan WeIrs from seeps and sprmgs

will be passed over Abu Zeighan WeIr and allowed to contmue downstream for

approXImately 17 Ian to the Jordan River ThIs represents a net gam m flow of 70-220 L/s

(dependmg on seasonal vanatlOns m sprmg flow and assummg that channematlOn contmues)

III the reach downstream of Abu Zelghan WeIr compared to the No-ActIOn Alternative No

mformatIon on water quality m the reach below Abu Zeighan WeIr was available, however,

some sprmgs are known to occur along the nver channel below Abu Zelghan WeIr Water

quality IS lIkely to be SImilar to that m the reach above the weIr
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Irrigated Areas along the KAC-s

Changes m water quantIty and water quahty m the areas along the KAC-s depend on several

factors mcludmg the quantIty of hlgh quallty water from the Yarmouk RIver that IS ava1lable

to the KAC-s The recently completed peace treaty Wlth Israel mcreases the amount of

Yarmouk water potentially avaliable to Jordan by about 140 Mm3/yr The ultlIDate

destmatlOn for thls water will be greater Amman, where water shortages are chromc and the

gap between mumcipal and mdustnal water demand and water availability IS mcreasmg

Demand projectIons developed by Harza Group37 mdicate that the water supply shortfall for

all uses will be 429 Mm3/yr by the year 2000, even considermg the peace treaty water nghts

Thus, It IS unhkely that the supply of Yarmouk water for rrngatlOn will mcrease There may

be an mcrease m supply durmg the Drst year or two of the proJect, however, that will rapIdly

be lost and only excess (flood) flows will be aval1able durmg wmter months m the future

The quantIty of water available m the KAC-s would be expected to decrease somewhat due

to the bypassmg of 150-300 Lis of salme waters, approXlIDately 70-220 Lis of wmch are now

mIXed WIth KID water pnor to dIverSIOn to the KAC-s However, smce the volume of water

released at KID IS regulated to meet rrngatIOn requrrements, It does not appear that there

will be an apprecIable change m water dehvery BC of water m the KAC-s willlIDprove

compared to that wmch would occur WIth the No-ActIOn AlternatIve

To assess project effects on BC m the KAC-s, five years of monthly average EC data (1991

1995) were used to compute monthly mIXmg ratlos for water from the Zarqa RIver at Abu

Zeighan WIth water from the KAC-n (Yarmouk Rwer) The ffilXllg ratIOS (Annex 4) were

apphed to KID BC data to obtam the monthly average EC that would have occurred m the

KAC-s had the project been operatmg Table 6-1 presents the annual average BC's and the

average EC's for typIcal wmter and summer growmg penods

37 Harza Group 1995 The Water Conveyance System from D1S1-Mudassara to Amman Draft Conceptual
Study Report, Vol 3, FormulatIOn and Development of System Components
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Table 6-1

Average EC's (dS/m) m the KAC-s for Various Growmg PerIOds

"WIthoutll represents the average of observed monthly average values, 'WIth" represents

the predIcted value that would have occurred had the project been m operatIOn

Annual Average EC SEPT-FEB Average EC MAR-JUN Average EC

YEAR (Wmter Crops) (Summer Crops)

WIthout WIth WIthout WIth WIthout WIth

1991 190 178 220 217 189 180

1992 120 112 146 138 113 105

1993 197 163 139 133 181 153

1994 244 166 250 186 250 189

1995 199 136 195 155 230 141

The results presented m Table 6-1 mdicate that durmg 1991 and 1992, the project would have

had lIttle effect on water qualIty m the KAC-s In 1994 and 1995, the project could have

produced agrIculturally sigruficant reductIOns m EC The mean reductIOn m average annual

EC due to the project would have been 039 dS/m from 1991-1995 The project's potentIal

effects on EC m the KAC-s are controlled by mteractmg factors, however, the volume of

water released at KID has a substantIal mfluence on the magnItude of change observed

Large volumes (greater than 2-3 m3/s) of KID water tend to dJlute the salme seepages to a

pomt where they effect only a small change m the EC, thus the project has lIttle effect

Durmg penods when flows bypassed at Thahab WeIr are substantIally less than 2 m3/s,

bypassmg the salme sprmgs will be very effective at reducmg EC m the KAC-s

If water from the KAC-n IS not avaJlable for mrxmg WIth Zarqa water, the lffipact of the

Proposed ActIOn on IrngatIon water qualIty will depend solely on the quantlty of water

passed at Thahab WeIr FIgure 6-1 illustrates thIS lffipact for a salme sprmg flow of 150

300 Lis, salIne sprmg EC of 8 dSlm and an EC for KID water of 188 dSlm (the average

for September 1990 - September 1995, see Annex 4) At flows of up to 1,400 Lis at Thahab

WeIr, the salIne sprmgs could reduce the SUItability of water for IrrIgatIOn to the "Severe

RestnctIOn" level At flows of less than 1,600 Lis at Thahab WeIr (the estlffiated maxlIllum
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Figure 6-1 PredIcted sahmty m Abu Zelgltan Canal relatIve to flow at Thahab WeIr For sahne
sprmg flows of 150 Lis and 300 Us under No-ActIon AlternatIve

(Sahne Sprmgs EC = 80 dS/m. KTD EC = 188 dS/m)

An addItlOnal effect of the project, not readily observed m the long-term average data

presented above IS the ehmmatlOn of epIsodIC hIgh Salmity events m the KAC-s For

example, durmg January 1994, the daily average EC m the KAC-s exceeded 30 dS/m on 9 of

24 days on whIch EC was measured (maxunum > 77 dS/m durmg one two-day perIod),

however, the monthly average for January 1994 was 2 11 dS/m Overall, durmg a two-year

penod of dally momtormg (Saturday-Thursday) from April 1993 through March 1995, there

were nme months durmg whIch dally average EC's m the KAC-s exceeded 3 0 dS/m (31 days

m 20 separate events) Events occurred durmg summer (June -September), through autumn

38 Ayers R Sand D W Westcot 1985 Water Quality for AgrIculture FAO ImgatIon and Dramage Paper
No 29, Rev 1 Umted NatIons Food and Agnculture OrgaruzatlOn, Rome

monthly IrngatlOn requIrement for the 18 km ExtenslOn), the salme sprmgs cause apprecIable

salunty degradatlOn of water dehvered to the KAC-s In thIS case, the Proposed ActIOn

would produce a decrease ill EC of 05-10 dS/m, whIch would be eqUIvalent to a mmIffium

7 5 percent illcrease ill tomato productIon or a mffilffium 11 9 percent illcrease ill cItrus

(oranges) productlOn38 Even at the project desIgn flow of 4,500 Lis, the decrease m EC IS

greater than 03 dS/m
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and wmter (October - early February) m both 1993 and 1994, wIth most events occurrmg m

1994 Had the project been operatmg, only two separate events totallmg 3 days of lugh

salImty would have occurred durmg the two-year penod (m January-February 1994)

The occurrence of lugh salnuty events has senous lffiplIcatlons for sensItIve vegetable crops,

such as strmg beans, carrots and omons Even a few days rrngatIOn WIth very salIne water

can result m substantIally more damage (pOSSIbly total loss) than a long-term average for the

growmg season would suggest The project will prove very effectIve m Inmtmg the potential

for damage due to penodic lugh salnuty events

DilutIOn WIth salme sprmg water and asslIDJ1atIOn m the reach between Thahab Werr and

Abu Zeighan Werr may reduce nutrIent concentrations m water reachmg the KAC-s

OperatIOn of the project ffilght be expected result m somewhat hIgher concentratlons of

ammoma and mtrate m KAC-s waters compared to the No-ActIOn Alternative, however,

observed changes ill nutnents mdicates that such effects may be seasonal and asslIlll1atIOn IS

not apprecIable (SectIOn 5 2) Some small assnrulatIOn or dilutIOn of nutnents will be lost by

dIvertmg water through the pIpelIne 'flus IS not necessarily a negatlve lffipact as the

nutnents m the water can reduce fertilizer applIcatons Water qualIty data for two lITigatlon

returns m the central Jordan Valley areas served by ZC I and ZC II mdicates that farmers

do not account for thIs nutnent ennchment of lITIgatIon water m therr fertilizer applIcatIOn39

Failure to account for excess nutnents m the source water presently contnbutes to exceSSIve

nutnent ennchment m the Jordan RIver

Average concentratIOns of trace metals m the water released at KID were found to be well

wlthm the suggested gUIdelInes for IrngatIOn waters and not appreCIably dIfferent from

average concentratIOns m the KAC-n40 Project operatIOn IS not expected to affect trace

metal concentratIOns

39 Water and EnvlTonment Research and Study Center - Uruverslty of Jordan 1995 IrogatiOn management &
water qualIty ill the Central Jordan Valley (Baselme Survey) Water QualIty Improvement and ConservatlOn
ProJect, Report 3114-95-3b-05

40 Water and Envrronment Research and Study Center Uruverslty of Jordan 1995 IrogatiOn management &
water qualIty ill the Central Jordan Valley (Baselme Survey) Water QualIty Improvement and ConservatlOn
ProJect, Report 3114-95-3b-OS
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6.2.3 DIversIOn at Thahab WeIr

Thahab WeIr to Hwarat WeIr

In addItIOn to the havmg all streamflow and water quahty Impacts descnbed for the Proposed

ActIOn and the canal-pipelme feasIble alternative, the feasIble alternative mvolvmg a pipelme

from Thahab WeIr to Abu ZeIghan WeIr (IRRi) would affect flow and water quahty ill the

reach between Thahab WeIr and Hwarat WeIr ThIs 52 km reach of the Zarqa River will be

subject to dessicaton of the streambed for Its entIre length ThIs area will receIve mmImal

flow from baseflow and/or leakage at Thahab WeIr OccaSIOnal flood flows will occur durmg

wet penods when the flow from upstream sIde wadIS exceeds the IrrIgatIOn requIrements for

ZC I, ZC IT and the KAC-s The catchment of tills reach IS small and steep-sIded The

contnbutIOn of raInfall runoff from SIde wadIS along the reach to flow m the reach IS lIkely to

be short-lIved and hmlted m quantIty The reach was judged to be possIbly a gammg or

losmg reach4t, thus, baseflow may contnbute a small contmuous flow to the reach The

magmtude of such a contnbutIon to flow, 1f any, IS hkely to be small and any sprmgs or seeps

are lIkely to dIsappear durmg dry penods

There IS no InformatIOn avaIlable to allow an accurate predIctIOn as to water quahty If the

project IS operatmg and no KID water IS passed to the reach from upstream GIven that the

Upper AquIfer Complex (Kurnub FormatIOn) IS exposed along thIS segment of the nver, It IS

hkely that water will be fresh to slIghtly brackish If groundwater sprmgs and seeps are

present Operatlon of the settlmg basm at the headworks to the pipelme may contmue to

provIde a small flow of fresh water m the flver downstream Such flow would be expected to

support contmued presence of emergent vegetatIOn ill the flver channel There would

probably be a shIft m emergent speCIes toward a predommance of reeds, WhICh are more

tolerant of temporary deSSIcatIOn than some of the other speCIes present Oleander and

tamarlX at the stream margms may thm out somewhat as competltlOn for water rncreases rn

the presence of much-reduced occurrences of illnundation of the channel margms, however,

thIS vegetatIon IS expected to remarn at moderate to hIgh denSIty

41 Harza Engmeenng and ConsolIdated Consultants 1996 Zarqa River Conveyance Study, Phase A
Conceptual Study, Part 3 - SelectIon of Preferred AlternatIve
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Hwarat WeIr to Abu ZeIghan WeIr

Effects of the alternative on tlus segment of the Zarqa RIver will be the same as the effects

descnbed under SectIOn 6 2 2

Abu ZeIghan WeIr to Jordan RIver

Effects of the alternative on tlus segment of the Zarqa RIver will be the same as the effects

descrIbed under Section 6 2 2

IrrIgated Areas along the KAC-s

Effects of the alternative on lITIgated areas will be the same as the effects descnbed under

Section 622

63 GROUNDWATER

Due to Its salmIty, groundwater m the project area IS generally unsUItable for for IrrIgatIOn,

domestic or mdustnal uses Wells drilled m the area had EC's rangmg from 8 to 15 dS/m

The groundwater IS under pressure, as eVIdenced by the flowmg salme sprmgs along the nver

channel between Hwarat and Abu Zeighan WeIrs Several sources have geothermal OrIgms

Other than pastoralIsts who may make use of the less salme sprmgs for watermg lIvestock,

there are no known users of groundwater m the area that will be affected by the project

As descnbed m Section 514, the major area of groundwater recharge IS located m the

highlands The groundwater m the project area denves from sources that are spatially and

temporally separated from water flowmg from sprmgs m the Jardan Valley In addItion,

water from test wells has generally been found to be more salIne than sprmg water flowmg

mto the Zarqa RIver channel Changes m groundwater qualIty are not expected as a result of

project operatIOn

In the areas IrrIgated from the KAC-s, operatIOn of the project will probably result m a small

decrease m salInIty of IrrIgatIOn return flows Momtormg of return flows ill the central

Jordan Valley m 1993-1994 mdicated that these flows typIcally have average salInItIes ill the
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range of 3-6 dS/m Effects of return water on groundwater won't be appreciable because

groundwater sa1mJ.tles are expected to be hIgher than the 3-6 dS/m observed m return flows42

and appreciable recharge probably IS not occurrmg

6 4 WILDLIFE AND AQUATIC RESOURCES

The major unpact of project operation will be dessIcatIOn of the streambed for some dIStance

downstream from the mtake structure for each conveyance alternatIve At present, the

natural npanan and streambed vegetatIOn mcludes plant speCIes adapted to wet, or

frequently wet condItIons These are dommated by, and sedges, rushes, common reed and

cattails m the wet areas of the streambed Oleander and tamarJX are also present m areas

expenencmg occaSIOnal mnundatIon

6 4 1 DIverSIOn at Hwaret WeIr

The Proposed Action and the canal-pIpelme alternative will dIvert water from approxnnately

47 km of rIver channel between Hwarat and Abu ZeIghan WeIrs Approxnnately 13 km can

be deSCrIbed as freshwater habItat and the remamder as brackISh The freshwater habItat will

be affected SIgmfi.cantly by desSIcation, and apprecIable loss of emergent aquatic vegetatIOn IS

expected It IS lIkely that plant specIes adapted to penodIc wet condItIOns, particularly

oleander and tamarJX will replace the sedges and cattails Common reed IS lIkely to mcrease

m abundance and become more WIdely dIStnbuted because It IS more tolerant of fluctuatIOns

m water level and deSSIcatIOn

Structural dIverSIty of the vegetation IS lIkely to be reduced m the absence of contmuous flow

m the reach ThIs will, m turn, reduce the SUItability of the streamsIde habItat for some brrd

speCIes (e g wadmg brrds) However, the remammg tamarJX and oleander will lIkely offer

acceptable restmg habItat for mIgratory songbrrds and related speCIes

FIsh and aquatic ammals mhabItmg the upstream segment of the reach will lIkely be lost

from that segment due to deSSIcatIOn In the lower parts of the braclash segment, SUItable

habItat will remam for fIsh and aquatic mvertebrates AmphIbIans are unlIkely to reproduce

at the salmitIes found m the braclash segment AmphIbian populatIOns dependent on the

42 Water and Envrronment Research and Study Center - Uruversity of Jordan 1995 Irngatlon management &
water quahty ill the Central Jordan Valley (Basehne Survey) Water Quahty Improvement and ConservatIOn
ProJect, Report 3114-95-3b-05
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freshwater reach for reproductIOn may be mamtamed through use of temporary pools left

after hIgh flow events

Effects on the braclash habItat will be less pronounced as mflow from salme sprmgs will be

mamtamed, however, transItIOnal freshwater-braclash habItat will be lost and salmIty will

mcrease and remam relatIvely constant m remammg habItat Compared to present

condItIOns, channelIzatIOn of 2 4 Ian of the streambed will no longer occur and a more

natural npanan and aquatlc commumty, adapted to braclash condItIOns, may develop

Oleander, because It IS both salt tolerant and toXIC to hvestock IS hkely to become more

abundant

6 4.2 DiversIOn at Thahab WeIr

The dIversIOn at Thahab Werr will dIvert water from 99 Ian of nver channel ApproXlffiately

6 5 Ian of tills reach can be characterIZed as freshwater npanan habItat ThIs will constItute

a 52 Ian mcrease ill the length of channel subject to deSSIcatIOn and degradatIOn of npanan

habItat Effects on both freshwater and braclash water habItat will be Snnllar to that

descnbed above

6 4.3 HabItat Downstream of Abu Zeighan WeIr

Increased flow m the nver channel downstream of Abu Zeighan WeIr will result from

lffiplementatIOn of the Proposed ActIOn or eIther feaSIble alternatIve The illcrease m surface

water may prOVIde lffiproved opportumty for use of thIS reach by tranSIent shorebrrds, wadmg

brrds and ducks The lack of cover and level of human actlvity ill thIS area will, however,

llffilt ItS lffimedmte attractIveness to many specIes HabItat for mIgratory brrds and other

small wildlIfe will probably mcrease over tlffie With the mvaSIOn of halophytes such as

oleander and common reed that can take advantage of the availability of salme water

Use of thIS stream segment by fISh and aquatic illvertebrates adapted to braclash condItIOns

IS lIkely to mcrease InvaSIOn of speCIes from the Jordan RIver IS lIkely to occur and such

speCIes are lIkely to become estabhshed over a penod of tIme There will be a large net

illcrease ill aquatIc habItat m thIS area
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6 4 4 HabItat m IrrIgated Areas

The project IS not expected to result m any changes m habItat m lITIgated areas WIldhfe

habItat m lITIgated areas will be sumlar to that found under the No-ActIOn Alternative

65 SUITABILITY OF WATER FOR AGRICULTURE AND OTHER USES

Under the No-Action Alternative, water m the KAC-s IS sUItable for Irngated agrIculture wIth

moderate to severe restnctIOns due pnmanly to salImty, chlonde and bacterIal

contammatIOn Sahmty will be variable and may reach levels Implymg severe restnctIon for

agrIcultural use (>30 dS/m) for short penods of tIme ColIform bactena contammatIOn IS

frequently greater than 1,000 MPN/100 ml, whIch mdicates that water should be used only

for crops that are cooked completely before eatmg Adverse salmIty and chlonde condItions

result prImarily from the dIverSIOn of water from the Zarqa RIver Bactenal contarrunatIOll

of water ill the KAC-n, while lower than that m the Zarqa, IS hIgh enough to restrIct

IrngatIOn only to crops that will be cooked completely

65 1 Cultivated Areas

The Proposed ActIOn and both feaSIble alternatives will have Identical effects on sahmty and

chlonde m the KAC-s The average sahmty and average chlonde concentratIOns will be

reduced Bactenal contarrunatIOn levels will not change appreciably The changes ill water

qualIty are expected to benefit agncultural users along the KAC-s (see SectIOn 68)

65.2 Pastoral Uses

DIverSIOn of KID water will result ill reduced availability of water for lIvestock use along the

nver channel between Hwarat WeIr (or Thahab Werr m the case of alternative IRRl) and

Abu Zeighan Werr Available water will denve from salrne sprmgs an seeps ill the area

downstream of Hwarat Werr Water WIth EC's of less than 5 dS/m are conSIdered "very

satisfactory" for lIvestock use WIth lIttle chance of economIC loss or phySIOlogIcal disturbance
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of the ammals43 SahmtIes m the 5-8 dS/m range are consIdered IIsatIsfactory" for hvestock

use Water wIth hIgher EC's (8-11 dS/m) IS sUItable for "lImIted use" wIth daIry and beef

cattle, sheep, swme and horses, but ItS use should be aVOIded for pregnant or lactatmg

ammals1 EC's above 16 dS/m are "not recommended" for lIvestock The groundwater data

presented m Section 5 1 4 mdicates that sahne sprmg mflows could have EC's on the order of

5-10 dS/m Daily momtormg at Abu Zeighan WeIr reported a maXIDlUm EC of 8 7 dS/m

WIth most readmgs durmg peflods when essentially no water was bemg passed at Thahab

WelT of 8 0 dS/m or less durmg Apr:tl1993 - March 1995 It IS lIkely that EC's m durmg

project operatIOn will be m the "satISfactory" range for hvestock use LIvestock use of the

Zarqa RIver channel between Hwarat and Abu Zeighan will not be precluded by dIversIOn of

KID water

Water from the sprmgs will be relatively uncontammated by cohform bactena as compared to

KID water Although there IS no mformatIon available on the mCldence of water-borne

dIseases among lIvestock, thIs may prove benefICIal as lIvestock will be less exposed to

potentIal dIsease orgamsms

The channel downstream of Abu Zeighan WeIr had, for a number of years, receIved only

occaSIOnal flow from upstream durmg hIgh flow peflods The channebzatIOn of the Zarqa to

dIvert salme mflows over the weIr proVIdes a supplementary water source for use by grazmg

lIvestock m the streambed downstream of Abu Zeighan The qualIty of thIS water should be

SImIlar to that upstream and IS expected to be "satISfactory" for lIvestock use Because the

channebzed condItIOn IS conSIdered representative of the No-ActIOn AlternatIve, the

Proposed ActIon and feaSIble alternatives will not affect SUItability of water for downstream

uses, however, the quantity of water avaIlable will mcrease

6 5.3 Other Uses

Zarqa RIver water IS used for washmg clothmg, wool, agrIcultural eqUIpment and vehIcles and

gravel mmed ill and adjacent to the channel The level of Salmity m the sprmg water IS not

lIkely to preclude any of those uses In fact, reduced contammatIOn from fecal colIform

43 Ayers, R Sand D W Westcot 1985 Water Quality for Agnculture FAO Imgauon and Dramage Paper
No 29, Rev 1 Umted NatIons Food and Agnculture OrgarnzatIon, Rome
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bactena IS expected to occur, thus the qualIty of the water for any actIvItIes illvolvmg human

contact willlffiprove from the human health standpomt

66 MAINTAINING PRODUCTIVITY OF AFFECTED LANDS

Salmity buildup ill soils undergomg IrngatIOn IS a concern where the source water has a

relatIvely hIgh salrnIty, evapotranSpIratIon rates are hIgh and ramfallis scarce JVA has

unpublIshed data for the central Jordan Valley that have mdicated some salrnIty build-up m

soils Irngated wIth water from KID durmg dry years Durillg years wIth ample ramfall

locally, or availability of excess water from KAC-n, It has been possIble to conduct leachillg

and to mamtam soil productIvlty44

By VIrtue of reducmg salrnIty ill water delIvered to the areas Irngated from the KAC-s, the

project will slIghtly reduce salrnIty buildup ill soils ill the affected area

6 7 CROP PRODUCTION - PRIMARY BENEFITS OF THE PROJECT

Assessment of the effects of the project on crop productIOn and economIc returns m the

affected area was based on water qualIty data collected by JVA at key locatIOns ill the

IrngatIon system and on econOffilC data obtamed from results of two surveys of randomly

selected farms m the central and southern Jordan Valley Data on croppmg patterns for the

southern Jordan Valley was obtamed from publIshed statIstICS and from unpublIshed data

proVIded by IVA The assessment approach mvolved estlmatmg EC effects on the

percentage Yield of mdividual crops grown m the southern Jordan Valley durmg the 1990-91

through 1994-95 growmg seasons Observed EC data for the KAC-s were used to estlffiate

what percentage of the theoretIcal maxImum Yield was obtamed under eXlstrng condItIOns

PredIcted EC data (Annex 4) were used to estImate the percentage of maxImum yIeld that

would have been obtamed had the Zarqa Conveyor Project been m operatIOn durmg those

growmg seasons The ratIOs of the predIcted percentage Yields wIth and wIthout the project

were then used to estImate the change rn economIC returns that could be attnbuted to the

project

44 Rassem AnshasI, N A, Water Quahty Laboratory Personal CommurncatIOn
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The econonuc data used m the study came from two sources covermg chfferent penods and

areas m the Jordan Valley Two percentage Yield estlITlates were developed for each crop

durmg each of the frve growmg seasons These sources provIded farm level econonuc data

for the 1991-1992 season m the southern Jordan Valley45 and for the 1993-1994 season m the

central Jordan Valley46 Data were available for most of the more wIdely planted crops and

for several technologies (surface rrngatIOn, dnp rrngatIOn, dnp rrngation m plastic tunnels,

and dnp rrngation m plastIC greenhouses) The 1991-1992 data were collected durmg a wet

perIod when EC's m the KAC-s were relatIvely low and the total area of agrIcultural

productIon was relatively hIgh due to plentIful water from ramfall Durmg thIs study, crop

productIOn was lIkely nummally affected by Salmity PredIcted YIelds for most crops were m

the 90-100 percent range, based on known Salmity vs crop productIOn reiatIOnshIps47

The 1993-94 study m the central Jordan Valley study was conducted m an area that presently

receIves water that IS dIverted from the Zarqa RIver at Thahab Werr The study was

conducted durmg a peflod of low ramfall and relatIvely hIgh EC's The total area of

agrIcultural productIOn m the southern Jordan Valley durmg thIs study was low relatIve 1990

due to lack of suffiCIent ramfall to supplement supplIes from the rrrIgatIon system Based on

known salmIty vs crop productIOn relatIOnshIps, productIOn of most crops m the study area

was m the 60-95 percent range

In the assessment of crop productIon, costs were treated as fJxed, that IS, addItIOnal

productIOn was not conSIdered to requrre addItIOnal labor for harvestmg In addItIOn, It was

assumed that market prIces for the crops produced would not be affected by any addItIOnal

productIOn resultmg from unproved water qualIty The latter assumptIOn appears Justilled ill

that the area drrectly affected by the project IS apprmamately 10 percent of the total

agrIcultural area of the Jordan Valley and the maxunum lffipact of the project on overall

yIeld IS on the order of a 10 percent mcrease Thus the overalllITlpact on crop productIOn m

45 Sabnan, A Z Y 1994 On the econonucs of IIT1gatIon water use m the Jordan Valley Ph D DIssertatIOn
UruversIty of Hohenheun

46 Water and EnVIronment Research and Study Center UmversIty of Jordan 1995 ImgatlOn management &
water qualtty m the Central Jordan Valley (Baselme Survey) Water QualIty Improvement and ConservatIon
ProJect, Report 3114-95-3b 05

47 Ayers, R S and D W Westcot 1985 Water QualIty for AgrIculture FAO ImgatIOn and Dramage Paper
No 29, Rev 1 Umted Nations Food and Agnculture OrgaruzatIOn, Rome
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the Jordan Valley IS on the order of 1 percent and would be consIdered unlIkely to have a

major Impact on market pnces of crops

The assessment approach mvolved the followmg analyses

• Monthly average BC data collected at three key locatIOns (KAC-s, KAC-n and Abu

Zeighan) from the begmrnng of the growmg season m the 1991 water year (September

1990) through the end of 1995 were analyzed to determme the average monthly 1IllXlI1g

ratio between the KAC-n of the Zarqa RIver and water from the Zarqa that was

dIverted through the Abu Zeighan Canal to the KAC-s

• The rruxmg ratio was used to predIct the maxnnum monthly average BC's that would

have resulted had the project been m operatIOn durmg the penod m questIOn Monthly

average BC data for samples collected at Kmg Talal Dam were used m place of

monthly average BC values for samples from Abu Zeighan WeIr and "rruxed" WIth

KAC-n water assummg that the 1IllXlI1g raho dId not change ThIs provIded estlffiates

of the monthly average BC's m the KAC-s had the project been m operatIOn (1 e, no

Ill1Xlllg WIth salme sprmg mflows between Hwarat and Abu Zeighan Werrs)

• The observed average monthly BC data for the KAC-s were used to develop average

BC's over the lITIgation penod for each crop (representmg growmg condItions WIthout

the proJect) The predIcted EC's for the KAC-s that would have occurred had the

project been operatmg were used to develop average BC's over the rrngatIOn penod for

each crop (representmg growmg condItions WIth the project)

• The effect of EC on each crop was evaluated usmg the BC vs crop yIeld relatlOnsrnps

from the lIterature48 ThIS provIded an estImated percentage crop yIeld for the average

EC occurrmg durmg the IrngatIon penod Crop Yields were estImated both WIth and

WIthout the project Where the relationshIp was not available for a specIfIc crop, the

relatIOnshIp for a related crop was used as a surrogate

48 Ayers, R Sand D W Westcot 1985 Water QualIty for Agnculture FAO IrngatIon and Dramage Paper
No 29, Rev 1 Uruted NatIOns Food and Agnculture Orgamzatlon, Rome
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•

•

Croppmg pattern data for mdividual crops grown m the southern Jordan Valley (Shuna

Janobm) were obtamed for 199049 and for 199450

The croppmg data mcludes the area of the southern Jordan Valley that will be affected

by the Zarqa Conveyance ProJect, the 18 Ian ExtensIOn, and an area, H1sban-Kafrem,

that will not be affected by the Zarqa Conveyance Project Data provIded by ]VA for

areas of general crop types (e g, CItruS, bananas, frUIt trees, "wheat" and vegetables)

under IrrIgatIon m 1994 m the 18 Ian ExtensIOn and the HIsban-Kafrem areas were

used to prorate the croppmg data to estunate the acreages m each crop category that

were under productIOn ill the 18 km ExtenSIon area

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

• Data estImatIng average umt productIOn costs (JDjdu) and umt econormc returns

(JDjdu) for Jordan Valley farm enterpnses were complied5
1,52 In mstances where

econormc data were not avanable for a crop appearmg m the croppmg pattern (all such

crops are referred to as "other"), the area-weIghted average costs and returns for all

dnp-lITigated crops were used Separate area-weIghted average urnt returns were

developed for the 1991-92 and 1993-94 data sets

• Estunated percentage crop yIelds for the base penod (1991-92 or 1993-94) m whIch

crop econOffilC data were collected were calculated usmg the observed Ee values for

those years and for the areas (central or southern Jordan Valley) from whIch data were

obtamed The ratio of the estimated percentage yIeld for the base penod to the

estunated percentage yIeld m the 18 Ian ExtensIOn area, deterrmned usmg observed EC

data for the KAC-s, was multiplIed by the umt return (JDjdu) m the base penod to

estunate the umt return for each crop Estlffiates of umt returns were developed for

49 Department of StatIStics, the Hasherrute Kmgdom of Jordan 1991 Annual Agncultural StatIStIcs 1990
Data reproduced ill A Z Y Salman 1994 On the econorrucs of rrngatIon water use ill the Jordan Valley
Ph D DIssertatIon Uruversity of Hohenhelffi

50 Water and EnVIronment Research and Study Center - Uruversity of Jordan 1995 Irngation management &
water quality ill the Central Jordan Valley (Basehne Survey) Water Quality Improvement and Conservation
Project Report 3114-95-3b-05

51 Water and EnVIronment Research and Study Center - Uruverslty of Jordan 1995 ImgatlOn management &
water quality ill the Central Jordan Valley (Basehne Survey) Water Quality Improvement and Conservation
Project Report 3114-95-3b 05

52 Salman, A Z Y 1994 On the econorrucs of lffigatIOn water use III the Jordan Valle\ Ph D DIssertation
Uruversity of Hohenhelffi
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each of the years 1991 through 1995 Urnt returns were hkewlse estunated usmg the

estunated EC's that would have occurred m the KAC-s durmg the years 1991 through

1995 had the Zarqa Conveyance Project been operatmg Project urnt benefIts (JD/du)

were calculated as the dIfference between the "WIth project" returns and the "WIthout

project" returns

• Two sets of estunates of urnt benefits were developed In cases where 1991-92 and

1993-94 econonuc data were available for the same crop, two estunates of urnt benefits

were made for that crop Where econonuc data for a specillc crop were available from

only one source, those data were consIdered representatIve of both the 1991-92 and

1993-94 econormc sample peflods, regardless of the year ill whIch the data were

collected Each set of urnt benefit estllTIates was then multIphed by each set of

croppmg pattern estunates (1990 and 1994) and summed to produce four estllTIates of

gross project benefits for each year The four estllTIates of gross project benefits

proVIde an mdIcatlOn of the range of benefits that nught be expected from the project

• Gross benefit estunates were dIVIded by the total cropped area to obtam estllTIates of

the mean urnt benefit (JD/ du) provIded by the project Mean urnt benefits were

averaged over the five year penod for whIch the analysIS was conducted

Table 6-2 summanzes the results of thIS assessment Detailed breakdowns of crop productIon

estllTIates are proVIded m Annex 5 Dependmg on the basehne econonuc and croppmg data

used, the project would have proVIded an estllTIated average annual benefit of approXlIDately

048 to 110 m.t.lhon JD durmg 1991 to 1995 When placed m the context of umt returns, the

lffipact of the project could have resulted ill an average mcrease m returns of 20 1 to 28 6 JD

per dunum under cultIvatIOn

Table 6-2 illustrates the WIde vanatIOn m project benefits that rmght occur between years

when water ill the KAC-n IS relatIvely plentIful and/or flow releases from KID are hIgh

(1990-1991 and 1991-1992) and years when water ill the KAC-n IS less avaIlable and flow
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Table 6-2

Summary of analysIs of estImated farm-level economIC returns resuItmg from project

ImplementatIon Two sets of economIc data and two sets of croppmg pattern data were

used to develop an estunated range of potentIal project Impacts (m JD)

Input Data Used for Growmg Season

EconoDllc AnalySIS 1990-91 1991-92 1992-93 1993-94 1994-95 Average

1991-92 EconoDllcs, 152,3% 173,674 328,801 1,924,133 1,408,675 797,644

1990 Croppmg Pattern 38 JDjdu 44JDjdu 83 JDjdu 484JDjdu 354JDjdu 201 JDjdu

1991-92 EconoDllcs, 109,604 127,099 319,224 987,881 865,302 481,822

1994 Croppmg Pattern 51 JDjdu 58 JDjdu 148 JDjdu 458 JDjdu 40 1 JDjdu 223 JDjdu

1993-94 EconoDllcs, 235,291 202,094 439,783 2,744,607 1,880,493 1,100,454

1990 Croppmg Pattern 59 JDjdu 51 JDjdu 115 JDjdu 690 JDjdu 473 JDjdu 277 JDjdu

1993-94 EconomICS, 157,515 160,747 459,244 1,211,431 1,091,100 616,007

1994 Croppmg Pattern 73JDjdu 75 JDjdu 213 JDjdu 562JDjdu 506 JDjdu 286 JDjdu

releases from the KID are relatIvely low (1993-1994 and 1994-1995) Because the five year

average mc1udes both "wet" and "dry" years, It IS probably a good mdicatIon of potentIal long

term average econOmIC benefits

The econOmIC analySIS does not mclude dIrect effects of the project on the areas m the DA's

25 and 30 that receIve water dIrectly from the KAC-s, nor does It conSIder mdIrect effects of

project operatIOn on the 145 Ian ExtenSIOn Project Assumrng that dIrectly affected areas rn

DA's 25 and 30 have the same cropprng pattern as the 18 Ian ExtenSIOn Project, the total

economIC benefIts of the project would mcrease by apprOXImately 15 percent

It is more dIfficult to assess project effects on the 145 Ian ExtenSIOn Project area ThIs area

is presently under development and, therefore, there is no mformatIOn on cropprng patterns

rn that area Durrng the fIrst fIve to ten years after thiS IrngatIOn project begrns operatIOn, It

is expected that crop productIOn would be pnmanly m the form of vegetables, because frUIt

trees would requIre tlffie to come mto full productIOn In addItIOn, the water for the 145 Ian

ExtenSion Project will come prlffianly from storage at Karameh Dam, which will denve partly

from the KAC-s and partly from other sources FI1lrng of Karameh Dam will occur durmg
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willter when water from the KAC-n IS plentIful and the project will have less of an lffipact on

the qualIty of water ill the KAC-s (Table 6-1), however, considerillg the area under

development for IrrIgatIOn ill thIs project (59,750 du), even a small contnbutIOn to lffiproved

water qualIty ill the 145 Ian ExtenSIOn area willhkely have substantIal benefits The result

could be an illcrease ill project benefits eqUIvalent to 50 percent of the estlffiated benefIts for

the dIrectly affected area

TakIng illtO conSIderatIon the areas drrectly and mdrrectly affected by the project that were

not conSIdered ill the calculatIon of benefits ill Table 6-2, the estImate of average total

benefits of the project would probably fall WIthIn the range of 800,000 to 1,800,000 JD/yr

6 8 ANTIQUITIES

There are several eVIdent rums ill the general VlCilllty of the project, however, there are no

known resources ill the pipelme corndor ConstructIOn of both the abandoned canal ill the

1960's and the ZC IT pipelme along a substantIal portIOn of the proposed pipelme alIgnment

dunng the mId 1980's dId not result ill known dIsruptIon of antIqUItIes ThIs suggests that

potentIal effects on antIqUItieS ill the project area are not lIkely to be sigruficant The

Amencan Center for Onental StudIes (ACOR) has illdicated that they have no knowledge of

lffiportant antIqUItIes ill the corndor area, although there IS a potentIal SIte on the hillSIde

east of Abu Zeighan village ACOR has recommended a reconnalsance of the Zarqa River

and pipelme alIgnment to detefffillle whether antIqUItIes are lIkely to be affected by the

project (see SectIOn 7 13)

AntIqUItIes are protected under Jordaman Law Failure to report the dIscovery of SItes

and/or failure to turn cultural artIfacts over to the Department of AntIqUItIes carry penaltIes

of both fmes and Impnsonment Reportmg the dIscovery of antIqUItIes IS a general proVISIon

of constructIOn contracts ill Jordan
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6 9 HUMAN POPULATION

69 1 Employment

Effects of the Proposed Acnon on the employment sector are drffIcult to assess In general,

gIVen the large vanatIOns m the total number of dunums under cultIvatIOn from year to year,

It IS hkely that effects mcreased agncultural productIOn resultmg from Improved water qualIty

will be masked by annual changes m the area of land under productIOn In general, the

project will have the greatest pOSItive effect on productIon durmg dry years, when the area

cropped may be reduced, and a small effect on productIOn durmg wet years, when a larger

area IS hkely to be under cultivatIOn QualItatIvely, It appears that the project may mcrease

stability m the year to year demand for casual labor

Durmg the constructIOn penod, there will be a requIrement for a modest number of laborers

If constructIon IS undertaken durmg the summer months, when demand for casual farm labor

IS lower, the project will have a short-term benefit m the Derr Alla area

6 9.2 Human Health

The effects of water development projects on the mCldence of water-borne dISeases IS often a

concern The Proposed ActIon IS not expected affect the mCldence of malaria and bIlharzia

both because new IrngatIOn areas will be not be developed and because malana and bIlharzIa

are relatively rare m Jordan ReductIOn of colrform bactena m the Zarqa channel IS lIkely as

a result of the dIVerSIOn ThIS should reduce the rISk of dIarrhea and water contact related

health problems for that portIOn of the populatIOn that uses the flver for washIng of clothIng,

eqUIpment and lIvestock

The only known use of the channel for personal bathmg occurs at fLowmg, geothermal sprmgs

between Hwaret and Abu Zelghan WeIrs Man Sprmg and Woman Sprmg, so-called, are

used as bathmg areas The use of spnngs for bathmg probably poses httle health nsk durmg

normal flow conditIOns because the sprmg water does not have bactenal contammatIOn and

the spnngs are Isolated from the mam channel flow
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7 RECOMMENDED MITIGATION MEASURES

7 1 CONSTRUCTION IMPACTS

7 11 DIsruption of CultIvated Areas

ConstructIOn Iffipacts on cultIVatIOn can be reduced by tnnIng constructIOn to occur durmg a

perIod when lIttle or no cultIvatIOn IS ongomg m the VICffilty of the pipehne alIgnment The

best tune peflod for tlus would appear to be June through September ConclUSIOn of

constructIOn actlvitles as late as December would still allow a full growmg peflod for some

wmter crops and would present mmnnal dISruptIOn of cultIvatIOn practICes m the project

constructIOn area

Dust generatIon by constructIOn activitles will probably be worst durmg the summer months

due to dry, sunny condItIons However, due to the reduced level of vegetable cultIvatIOn

durmg mIdsummer, there will be httle unpact on vegetable crops

Although It IS mtended that constructIOn be completed WIthout removmg any mature frUlt

trees, It IS pOSSIble that the £mal alIgnment of the pipehne will pass through an orchard or

grove In such case, compensatlon for lost productIOn should be prOVIded to the affected

farmer Such compensatIOn should Ideally replace the lost trees and prOVIde a SUbSIdy or

payment for lost productIOn until replacement trees are bearmg at full productIOn

ACCIdental fuel spills assOCIated WIth constructIOn actIVItIes can damage cultIvated areas and

cause sIgnmcant and lastmg harm to aquatic lIfe and npanan vegetatlon Fuel storage and

fuelIng areas, If any are reqUIred, should be located away from cultIvated areas and away

from areas that dram mto cultivated areas or the stream channel Tlus IS partIcularly

unportant WIth respect to assurmg contmurng use of the stream as a source of water for

IrngatIOn and lIvestock durmg constructIOn The constructIOn contractor should be

responSIble for provIdmg spill cleanup matenals on-SIte and properly removrng and disposrng

of any spilled materIals promptly
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7 1.2 DweIlmgs

Dust will affect dweIlmgs m the constructIOn area, however, the effects will be short-lIved and

the number of dwellings IS small Excavated matenals withm 50 m of mhabited dwellings

should be covered to reduce heavy dust depOSItlon

7 1.3 Stream Channel Construction

ExcavatIOn of the streambed for rehabilitatIOn of Hwarat WeIr and for buned pipelme

crossmgs should be conducted when flows can be controlled ThIS will aVOId the pOSSIbility of

washouts due to unantlclpated hIgh flows Measures to prevent siltatIOn of the streambed

downstream of crossmg sItes will also be more effectlve If flows can be mamtamed at a low

level when the streambed IS bemg trenched The best penod for thIs activIty appears to be

June through September IrngatIon demands are partIcularly low durmg July and August,

thus flows could be reduced to low levels whIle constructIon IS underway ExcavatIOn of the

streambed should be aVOIded between the months of October and March

Matenals for cofferdams to protect ongoillg work ill the channel should be thoroughly

washed to remove sIlt and fInes pnor to illstallatIOn Sump pumps should not dIscharge

dIrectly illtO the stream but should dIscharge to a detentIOn facility to allow mud and sIlt to

settle out before water IS returned to the stream

7 1 4 AntIqUIties

Not later than the Fma! DeSIgn Phase of the project and pnor to any constructIOn, an

archaeological reconnaIssance should be undertaken along the proposed alIgnment of the

plpelme The purpose of the archaeolOgical reconnaISsance will be to IdentIfy areas where

cultural remams are, or may be present The reconnalsance will report on any areas along

the proposed route where remams are such that

• conSIderatIOn should be given to changmg the route,

• If the route can not be changed, then mItigatIOn ill the form of an archaeologIcal

excavatIOn will be conducted pnor to constructIOn, or
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7.1.2 Dwellings

Dust WIll affect dwellings m the constructIon area, however, the effects will be short·hved and

the number of dwellings IS small Excavated matenals WithIn 50 m of mhabited dwellmgs

should be covered to reduce heavy dust deposItIon

7 1.3 Stream Channel Construction

ExcavatIOn of the streambed for rehabilitatIOn of Hwarat WeIr and for buned pipehne

crossmgs should be conducted when flows can be controlled TIns will aVOId the possIbility of

washouts due to unantICIpated hIgh flows Measures to prevent sIltatIOn of the streambed

downstream of crossmg SItes will also be more effectIve If flows can be mamtamed at a low

level when the streambed IS bemg trenched The best penod for thIS actIVIty appears to be

June through September IrngatIOn demands are partIcularly low durmg July and August,

thus flows could be reduced to low levels whIle constructIOn IS underway ExcavatIOn of the

streambed should be aVOIded between the months of October and March

Matenals for cofferdams to protect ongomg work m the channel should be thoroughly

washed to remove sut and fines pnor to mstallatIon Sump pumps should not dISCharge

drrectly mto the stream but should dIScharge to a detentIon facility to allow mud and sIlt to

settle out before water IS returned to the stream

7 1 4 AntIqwtIes

A reconnaISance of the pipelme alIgnment for the Proposed ActIon was earned out by a

representatIve from the Department of AntiqUItIes on 11 March 1996 No antIqUItIes were

found along the proposed route

The dIscovery of antIqUItieS durmg constructIOn projects IS covered under "The AntIqUItIes

Law," Law No 21 for the year 1988 ThIS law places responsIbility upon the person

discovermg the antIqUItIes The constructIOn contractor will be responSIble for reportmg any

antIqUItIes dIscovered durmg constructIOn actIVItIes Under the law, dIscovery of antiqUItIes

must be reported DestructIOn of or causmg harm to antIqUIties IS pUnIshable under the law
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by fines and nnpnsonment. Rewards are offered to persons dIScovenng antIqUIties or

reportmg those who cause harm to antIqUItIes

If antiqUIties should be dIscovered durmg project constructIOn, they must be reported A

determmatIOn must be made by the Department of AntiqUIties as to whether constructIon

will JeopardIZe the antiqUIties and whether excavatIOn or aVOIdance of the area IS necessary

Until such determmatIOn IS completed, constructIon must be stopped at that locatIOn

72 DIVERSION OF KTD WATER FROM THE RIVER CHANNEL

DIverSIOn of water from the nver channel will affect npanan vegetatIon that represents

valuable wildlIfe habItat, use of nver water for rrnganon m the nver segment between

Hwarat WeIr, and potential use of the channel as a source of water for hvestock The most

SUItable form of mItigation for these effects would be to provIde a mmnnum flow release to

the channel TIns release should be mamtamed at a level slffillar to that provIded by the

settlmg basm overflow at Thahab WeIr TIns quantIty of flow IS often the only flow below

Thahab WeIr durmg the wmter months and It apparently IS suffiCIent to mamtam emergent

vegetatIOn m the channel TIns measure would mamtam vegetatIOn dIverSIty and wIld1Jfe

habItat quahty at satisfactory levels A small mmnnum release would also provIde enough

water for eXlstmg IrngatIOn WIthdrawals along the left bank downstream of Hwarat WeIr and

provIde a source of water for hvestock use m 13 Ian of stream channel below Hwarat WeIr

The ffillllffium flow would also proVIde a small reductIOn m Ee of the salme sprmg water

flowmg m the channel downstream Because the water from KTD has a heavy load of

nutnents and BOD, a hIgher flow would not appreciably nnprove condItIOns for aquatIC lIfe

The mechamsm for proVldmg such a flow could be a small diameter pIpe located m the

headworks of the pipelme at Hwarat Werr

The prOVlSlon of a mmnnum flow below Hwarat Werr on the order of that presently

occurrmg at the Thahab Werr setthng basm overflow should not present a major loss to the

rrngatIOn system The estimated flow from the setthng basm IS 20 L/s or 06 Mm3/yr "Loss"

of thIS quantity of flow durmg peflods when the Abu Zeighan dIverSIOn IS not operatmg IS

apparently acceptable to the system operators It also represents less than two percent of the

estnnated maXImum annualrrngatlOn requrrement, whIch IS estnnated at 1,100 Lis or

35 Mm3/yr
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ANNEX 1.

BIrd Species Likely to be Found m the Zarqa RIver Area from Kmg Talal Dam to the
Jordan Valley

Common Name SCIentIfic Name Status Area

Great Wlute Egret Egretta alba WV,Sm Zarqa R, KIng Talal Dam

Grey Heron Ardea cmerea M KIng Talal Dam

Purple Heron Ardea purpurea Sm,Fm KIng Talal Dam

Wlute Stork Czcoma czconza Sm,Fm Zarqa RIver

Mallard Anas platyrhynchos Wv KIng Talal Dam

PIntaIl Anasaeuta Wv King Talal Dam

Gargany Anas querquedula Sm,Fm KIng Talal Dam

Ferrugmous Duck Aythya nyroca Sm,Fm KIng Talal Dam

EgyptIan Vulture Neophron percnopterus Sm Zarqa R

Goshawk Acczpter gentzlzs Sm Zarqa R

Long-legged Buzzard Buteo rufinus R Zarqa R, MIddle Ghar

Water Rail Rallus aquatlcUS Wm Zarqa R

Spotted Crake Porzana porzana Sm,Fm Zarqa R

Coot Fuhca atra Wm KIng Talal Dam

Green SandpIper Tnnga ochropus Wm Zarqa R

Smyrna Kmgftsher Halcyon smyrnensTS R Zarqa R

Pled KmgfISher Ceryle rudzs R KIng Talal Dam

Woodlark Lullula arborea Wv Zarqa R

Wlute Wagtail Motaczlla alba alba Wv Zarqa R

Blackstart Cercomela melanura R Zarqa R

Fan-taIled Warbler CTStzcOla JUncuhs WV,Sv Zarqa R

Oltvaceous Warbler HlPPOlaTS pallzda M,B Zarqa R

Orange Tufffed Sunbrrd Nectanna osea R Zarqa R

Hooded Crow Corvus corone comlX R Zarqa R

Dead Sea Sparrow Passer moabltzcus R Middle Ghar

Rock Sparrow Petroma petronza R Middle Ghar

Serm Sennus sennus Wv Zarqa R

Green FInch CarduelTS chlons R Middle Ghor

ANNEX 1-126 March 1996 1236
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ANNEX 1

Bird Species Likely to be Found m the Zarqa River Area from Kmg Talal Dam to the

Jordan Valley

Common Name SCIentIfic Name Status Area

Gold Fmch CarduellS carduellS R Middle Ghor

Lmnet CarduellS cannabma R Middle Ghor

Trumpter Fmch Bucanetes gtthagmeus R Middle Ghor, Zarqa R

House Buntmg Embenza stnolata R Middle Ghor, Zarqa R

Com Buntmg Mzllana calandra Wv Middle Ghor, Zarqa R

Kestrel Falco tznnunculus R Middle Ghor, Zarqa R

Lesser Kestrel Falco naumanm R Middle Ghor, Zarqa R

Barbary Falcon Falco pelegnnozdes R Middle Ghor, Zarqa R

Chukar Alectons chukar R Middle Ghor, Zarqa R

Rock Dove Columba lwza R Middle Ghor, Zarqa R

Collared Dove Streptopelza decaocto R Middle Ghor, Zarqa R.

LIttle Owl Athene noctua R Middle Ghor, Zarqa R

Alpme SWIft Apus melba Sm Middle Ghor, Zarqa R

LIttle SwIft Apus affims Sm MIddle Ghor, Zarqa R

Desert Lark Ammonanes desertz R Middle Ghor, Zarqa R

Crested Lark Galenda cnstata R Middle Ghor, Zarqa R

Rock Martm Ptyonoprogne julzgula R Middle Ghor, Zarqa R

Red-rumped Swallow Hzrundo daunca Sv Middle Ghor, Zarqa R

Long-billed PIpIt Anthus szmzllS R Middle Ghor, Zarqa R

Water PIpIt Anthus spmoletta Wr Zarqa R

Yellow-vented Bulbul Pycnonotus xanthopygos R Middle Ghor

Rufus Bush RobID Cercotnchas galactores Sv Middle Ghor

Moummg Wheatear Oenanthe lugens R Middle Ghor

Hooded Wheatear Oenanthe monacha R MIddle Ghar

WhIte-crowned Black Oenanthe leucopyga R Middle Ghar
Wheatear

Blue Rock Thrush Montzcola soltanus R Middle Ghar

CettIs Warbler Cettla ceftl R Middle Ghar

Gracful Warbler Pnnza graczlIS R Middle Ghar

ANNEX 1- 226 March 1996 1236
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ANNEXl

BIrd SpeCIes Likely to be Found m the Zarqa RIver Area from KIng Talal Dam to the

Jordan Valley

Common Name SCIentIfic Name Status Area

Scrub Warbler Scotocerca mquleta R MIddle Ghar

Spectacled Warbler SyZvza consPlclllata R MIddle Ghar

SardJrnan Warbler Sylvza melanocephalus R MIddle Ghar

Great Grey Shrtke Lanzus excubztor R MIddle Ghor

Woodchat shrIke Lanzus senator Sv MIddle Ghar

Brown-necked Raven Corvus ruficolllS R MIddle Ghar

Key to Status Codes'

B = Breeds M = Migrant all year Fm = Falllll1grant R = ResIdent
Sm = Sprmg nngrant Sv = Sprmg VIsItor Wv = Wmter VISItor

I
I
I
I
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ANNEX 2

LISt of AmphIbIans, ReptIles and Mammals Likely to Occur m the

VIClDlty of the Project

ANNEX2-1

EryxJaculus

ColuberJugulans

Coluberventromaculatus

~atrIKtessellata

Vlperapalaestmae

EchIS coloratus

Agamaagama

Agama steho

Mabuya vittatta

Chamaelon chamaelon

PtyodactylushasselqUlstu

OphlSOPS elegans

Testudo graeca

MAMMALS

REPTILES

AMPHIBIANS

Hyla saVlgnyi

Rana ndibunda

BufovrrdlS

Green Tree Frog

March Frog

Green Toad

Turtles

Mediterranean TortOise

LIZards

Common Agama

Starred Agama

Bndled Skmk

Chameleon

Lobe Footed Gecko

Elegant LIZard

Snakes

Egyptian Sand Snake

European whIp snake

Spotted Wlup snake

Tessellated Water Snake

Palestme VIper

Scaled VIper

26 March 1996 1642
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ANNEX 2.

LIst of AmphIbIans, ReptIles and Mammals LIkely to Occur m the

VlcmIty of the Project

Hedgehogs

European Hedgehog Ermaceus europaeaus

Shrews

Lesser Wlnte-toothed Shrew CrocIduramonacha

RousettusaegyptIcus

Rhmopoma mIcrophylum

HerpesteSlchneumon

Vormelaperegusnasynaca

Melesmeles

Vulpesvulpes

FelIschaus

FelIs sIlvestnstnstramn

Sus scrofa

Mus Musculus

Acomys russatus

Rattus rattus

Spalax leucodon

HtstryxmdIca

ANNEX 2-2

Egyptian FruIt Bat

Greater Rat-tailed Bat

Rodents

Common Mouse

Golden Spmy Mouse

Common Rat

Palestme Mole Rat

IndIan Crested Porcupme

Carnivores

EgyptIan Mongoose

Marbeld Pole-cat

European Badger

Red fox

Jungle Cat

WIld Cat

WIld Boar

Bats

26 March 1996 1642
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LISt of FISh and Aquatic Fauna LIkely to Occur m the VlcmIty of the Project
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ANNEX 3

Barbuscams
Aeanthobramaessnen

Gastropoda--Snads

Bythnna badlella
MelanOldestuberculata

Lymnea palustns
Psedammcola sohtana

Hydrobmlactea

Cladocera -- Water Fleas

Cenodaphmacormuta

Ostracoda -- Seed shrIJDps

Henncypnsaunta

Isopoda

Proaselus coxahs

Decapoda -- Crabs

Freshwater crab (SpecIes not IdentIfIed)

Odonata -- DragonflIes

Ischnura evanSI
Pseudadragonmortom

Paragomphus genel
CrocotheIll1sarabica

Zygonyxtornda

HemIptera -- Water Bugs

Naucondae
Notonectrdae

Veludae

ANNEX 3 -1
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I Annex 4

Monthly Average ECls and Estunated MIxmg RatIos of KAC-n and Zarqa RIver Water from
Abu ZeIghan Canal for 1990-1995, Showmg Estunated EC IfProJect had been OperatIng

I
JVA Monthly Averages

I
Zarga River King Abdullah Canal

P2.C
KTD Abu KAC-s KAC-n Mixing Estimated ProJect-

KmgTalal Zelghan south north KTD KACs Ratio ECwrth related

I
Date Dam Canal (Maadl) (Sawalha) (corrected)1 (corrected)2 (KAC/AZc)3 PrOject change

(dS/m) (dS/m) (dS/m) (dS/m) (dS/m) (dS/m) (dS/m) (dS/m)
Sep-90 216 209 221 081 209 209 000 209 000
Oct-90 230 228 242 092 228 228 000 228 000

I
Nov-90 259 264 249 140 259 249 014 245 -004
Dec-90 278 280 279 088 278 279 001 277 -002
Jan-91 273 264 230 092 264 230 025 230 000
Feb-91 176 208 124 091 176 124 255 115 -009

I
Mar-91 234 217 215 093 217 215 002 215 000
Apr-91 224 175 183 089 175 175 000 175 000
May-91 179 204 182 089 179 182 024 162 -020
Jun 91 174 192 185 091 174 185 007 168 -017

I Jul91 186 222 192 093 186 192 030 164 -028
Aug-91 210 228 217 085 210 217 008 200 -017
Sep-91 235 256 224 093 235 224 024 207 -017
Oct-91 261 272 227 098 261 227 035 219 -008

I Nov-91 252 279 219 094 252 219 048 201 -018
Dec-91 150 209 091 077 150 091 843 085 -006
Jan-92 063 054 063 063 000
Feb-92 115 053 049 053 053 000

I Mar 92 103 115 091 051 103 091 060 084 -008
Apr-92 110 119 117 078 110 117 005 108 -009
May-92 112 128 125 093 112 125 009 110 -015
Jun-92 126 128 120 096 126 120 033 119 -002

I Jul92 125 142 140 090 125 140 004 124 -016
Aug 92 123 140 139 092 123 139 002 122 -017
Sep-92 124 140 136 092 124 136 009 121 -015
Oct-92 131 139 142 096 131 139 000 131 -008

I Nov-92 177 185 185 093 177 185 000 177 -008
Dec-92 184 194 134 071 184 134 095 129 -0 OS
Jan-93 210 176 139 063 176 139 049 139 000

I
Feb-93 168 171 099 066 168 099 218 098 -001
Mar-93 160 163 158 075 160 158 006 155 -003
Apr-93 158 177 158 082 158 158 025 143 -015
May-93 157 174 174 088 157 174 000 157 -017

I
Jun-93 160 234 232 089 160 232 001 159 -073
Jul93 161 233 227 095 1 61 227 OOS 158 -069
Aug 93 158 222 218 085 158 218 003 156 -062
Sep-93 172 227 232 090 172 227 000 172 -055

I
Oct-93 190 225 225 093 190 225 000 190 -035
Nov-93 213 251 250 094 213 250 001 212 -038
Dec-93 212 262 271 092 212 262 000 212 -050
Jan-94 244 562 211 090 244 211 290 129 -082

I
Feb-94 262 458 326 088 262 326 055 200 -126
Mar 94 258 420 188 093 258 188 244 141 -047
Apr 94 195 255 253 091 195 253 001 194 -059
May 94 202 275 279 096 202 275 000 202 -073

I
Jun 94 202 289 282 095 202 282 004 198 -084
Jul94 201 301 240 092 201 240 041 169 -071
Aug 94 220 276 271 093 220 271 003 217 -054
Sep-94 239 289 263 093 239 263 015 220 -043

I Oct-94 243 313 295 093 243 295 009 231 -064
Nov-94 300 375 182 095 300 182 222 159 -023
Dec-94 228 402 137 098 228 137 679 1 15 -022
Jan-95 190 423 141 081 190 141 470 100 -041

I Feb-95 173 292 152 057 173 152 147 104 -048

I
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Annex 4
Monthly Average EC's and Estunated MIXIDg Ratios of KAC-n and Zarqa RIver Water from

Abu Zelghan Canal for 1990-1995, Showmg Estimated EC If ProJect had been Operating

I
I
I
I

Date
Mar-95
Apr-95
May 95
Jun-95
Jul95
Aug-95
Sep-95
Oct-95
Nov-95
Dec 95

JVA Monthly Averages

Zarga River King Abdullah Canal
AZC

KTD Abu KAC-s KAC-n Mixing Estimated ProJect-
KmgTalal Zelghan south north KTD KAC-s RatiO ECWlth related

Dam Canal (Maadl) (Sawalha) (corrected)1 (corrected)2 (KAC/AZc)3 PrOject change
140 228 218 071 140 218 007 136 -082
140 226 210 083 140 210 013 134 -076
138 263 271 084 138 263 000 138 -125
155 229 243 084 155 229 000 155 -074
145 237 215 087 145 215 017 136 -079
154 215 215 087 154 215 000 154 -061
157 218 190 090 157 190 028 142 -048
152 202 192 089 152 192 010 146 -046
203 279 197 088 203 197 075 154 -043
208 271 160 085 208 160 148 135 -025

I
I

max
min

median

10th percentile
90th percentile

mean

300
103
184

125
258

188

562 326 140 300 326 843 277 000
115 053 049 103 053 000 053 -126
228 213 091 178 211 009 158 -018

140 120 071 126 120 000 104 -077
332 271 095 258 264 229 219 000

241 195 087 188 194 070 160 -033

I
I
I

Notes 1 ThiS value IS the lesser of the EC at KTD or AbuZelghan Lower values at Abu Zelghan
likely Indicate that high flows were released at KTD and/or there was substantlalrnflow
from Side wadiS which lowered EC at Abu Zelghan

2 It IS unlikely that EC m the KAC-s IS ever higher than EC at Abu Zelghan
The lower of the two values IS used ThiS effectIVely sets the contnbutlOn from KAC n at zero

3 ThiS ratio IS based on the equation

ECCKAC-n) x 01 + EC(AZC) = EC(KAC s)

(01 + 1)

I where 01 = the ratio of flow In KAC-n to flow In AlC

ECCAZC) - ECCKAe-s)

EC(KAe-s) - EC(KAC-n)
01 = -........,,....---=-,..----

which Implies

I
I
I
I
I
I
I
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I
I ANNEXS.

AnalysIS of Estunated Farm-Level EconolDIc Returns (JD)

I Resultmg from Project ImplementatIon

INPUT DATA FOR CROP PRODUCTION ESTIMATION MODEL
Economic Information Estimated Areas

I 18km 18km
Surrogate Base extension extension

I
Species for EC Costs Returns Margin Cost Project Project [mgatlon Base Base Year

Analysis (JD/du) (JDfdu) (JDfdu) Year 1990 (du) 1994 (du) Pened Year EC Est Yield
FRUIT TREES
CitruS 2125 2,179

I
CItrus Orange 237 643 4()6 1993 2125 2179 apr-dec 200 79%

Lemon Orange 114 699 585 1991 540 551 apr-dec 137 94%
Clemenbne Orange 114 519 405 1991 257 267 apr-dec 137 94%
Mandanne Orange 114 638 524 1991 729 730 apr-dec 137 94%
Grapefruit Grapefruit 114 427 313 1991 31 33 apr-dec 137 96%

I Pummelor Grapefruit 114 861 747 1991 87 94 apr-dec 137 96%
Others Orange 50 282 233 1991 480 504 apr-dec 137 94%

Bananas Apncot 193 309 116 1993 444 599 Jan-dec 240 52%

I MISe. Trees 1442 1,936
Apple Peach 79 492 413 1991 32 32 apr sep 130 94%
Apple Peach 162 62 .99 1993 32 32 apr-sep 210 69%
Grape Grapes 149 279 130 1991 461 461 feb-nov 125 96%

I Grape Grapes 241 517 276 1993 461 461 feb-nov 218 83%
Peach Peach 78 518 440 1991 73 73 apr-sep 130 94%
Peach Peach 274 513 239 1993 73 73 aprsep 210 69%
Guava Orange 47 268 221 1991 336 405 jan-dec 120 98%

I
Others Peach 103 302 199 1991 540 965 apr-dec 137 91%
Others Peach 241 491 250 1993 876 1370 apr-dec 200 72%

I FIELD CROPS 1739 4778
Wheat Wheat 8 17 9 1993 76 882 dec may 233 100%
MaIZe Com maIZe 26 58 32 1991 294 1031 mar-jun 113 99%

I
Garlic Oman 101 238 137 1991 68 sep-apr 136 87%
GarlIC Omon 115 123 8 1993 68 sep-apr 218 67%
Others Barley 22 50 27 1991 1369 2797 apr-jul 126 100%
other.; Barley 21 42 21 1993 1369 2797 apr Jul 210 100%

I
Autumn 27899 11256

I Tomato (PH) Tomato 508 587 79 1991 2033 82 oct may 123 100%
Tomato Tomato 153 330 177 1991 8460 342 oct may 123 100%

Tomato (PH) Tomato 1042 2607 1565 1993 2033 82 oct may 222 92%
Tomato Tomato 234 280 46 1993 8460 342 oct may 222 92%

I
Squash Squash zucchini 117 275 158 1991 3324 1612 sep-dec 190 100%
Eggplant Potato 149 315 166 1991 2578 1523 aug Jan 174 89%

Eggplant (PH) Potato 1391 2187 796 1993 2071 1223 oct-apr 225 79%
Cucumber (PH) Cucumber 566 1000 434 1991 1544 165 oct may 123 100%
Cucumber (PH) Cucumber 1111 2107 996 1993 1544 165 oct may 222 90%

I Potato Potato 179 291 113 1991 623 204 oct jan 150 93%
Potato Potato 179 291 113 1991 118 38 dec mar 103 100%
Potato Potato 345 542 197 1993 623 204 oct jan 215 81%
Potato Potato 345 542 197 1993 118 38 dec mar 229 79%

I TABLE CONCLUDES ON FOLLOWING PAGE

I
I
I
I ~fbr;

Annex5 1



I
I ANNEXS.

AnalysIs of Estlmated Farm-Level Economic Returns (JD)

I Resultmg from Project ImplementatIOn

INPUT DATA FOR CROP PRODUCTION ESTIMATION MODEL
Economic InformatIon EstImated Areas

I 18km 18km
Surrogate Base extension Extension

I
Species for EC Costs Retums Margin Cost Project Project Irngabon Base Base Year

AnalysIS (JD/du) (JD/du) (JD/du) Year 1990 (du) 1994 (du) Penod Year EC Est Yield
Cabbage Cabbage 84 165 81 1991 288 375 oct feb 131 98%

Cauliflower Broccoli 82 273 191 1991 981 857 nov-feb 107 100%

I
Hot Pepper (PH) Pepper 390 600 210 1991 319 47 aug-dec 196 80%

Sweet Pepper (PH) Pepper 375 692 317 1991 405 69 aug-dec 196 80%
Broad Bean Broadbean 67 77 10 1991 2116 1566 sep-dec 190 88%

Stnng Bean (PH) Bean 309 410 102 1991 36 1 Jan apr 081 97%
StnngBean Bean 172 315 143 1993 144 4 oct-dec 205 61%

I Lettuce Lettuce 79 190 111 1991 2130 1811 oct may 123 93%
Spinach Spinach 115 269 154 1991 150 38 oct-dec 179 94%
Omon Omon 54 124 70 1991 25 197 nov mar 103 94%
Onion Onion 182 417 235 1993 25 197 nov mar 231 64%

I
Turnip Turnip 46 209 163 1991 18 sep-Jan 165 86%
Carrot Carrot 80 564 484 1991 27 73 sep-feb 146 84%
Carrot Carrot 55 194 139 1993 27 73 sep-feb 216 69%
Others Tomato 85 182 97 1991 509 1029 sep-Jan 165 100%
Others Tomato 113 234 121 1993 509 1029 sep-Jan 206 95%

I
I Tomato Tomato 124 298 174 1991 935 64 Jan may 090 100%

Tomato (tun) Tomato 98 383 285 1991 117 8 dec may 090 100%
Tomato Tomato 234 280 46 1993 935 64 Jan may 232 91%

I
Tomato (tun) Tomato 587 1286 699 1993 117 8 dec may 233 91%

Squash Squash zucchlm 60 194 134 1991 116 dec-apr 106 100%
Cucumber Cucumber 566 1000 434 1991 8 dec-may 090 100%

Okra Bean 30 31 1 1993 53 apr Jul 210 60%
Cauliflower Broccoli 82 273 191 1991 14 Jan may 090 100%

I Stnng Bean Bean 309 410 102 1991 16 2 mar may 111 88%
stnngBean Bean 143 209 66 1993 16 2 mar may 214 59%

Molokhla Spinach 35 171 136 1991 7 5 apr Jul 126 100%
Molokhla (PH) Spinach 131 400 269 1993 14 11 apr-Jul 210 91%

I
Sweet melon Squash scallop 24 93 69 1991 3254 243 apr aug 128 100%

Eggplant Potato 149 315 166 1991 684 238 dec-may 090 100%
Eggplant Potato 95 77 18 1993 684 238 dec may 233 78%

Others Tomato 94 188 94 1991 978 166 mar Jun 113 100%
Others Tomato 89 137 48 1993 978 166 mar Jun 226 92%

I
I

AREA TOTAL 39768 21560
Items In Italics are
used to develop
esbmates referred

I
to as 1993 data

I
I
I
I
I ~t
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I
I ANNEX 5.

AnalysIS of EstImated Fann-Level EconomiC Returns (JD)
Resultmg from Project ImplementationI

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

FRUIT TREES
CitruS
Cltnls

Lemon
Clementine
Mandanne
Grapefruit
Pummelor

Others

Bananas

Mise. Trees
Apple
Apple
Grape
Grape
Peach
Peach
Guava
Others
Others

FIELD CROPS
Wheat
MaIZe
Garlic
Garlic
Others
Others

Autumn
Tomato (PH)

Tomato
Tomato (PH)

Tomato
Squash

Eggplant
Eggplant (PH)

Cucumber (PH)
Cucumber (PH)

Potato
Potato
Potato
Potato

1990-1991 Season

Without Project With Project

Gross Gross
Estimated Estimated Project Benefit Benefit

Est. % Returns Estimated Est % Returns Benefit (1990 (1994
EC(dS/m) Yield (JD/du) EC(dS/m) Yield (JD/du) (JD/du) Croppmg) Croppmg)

190 81% 562 176 84% 690 28.298 60 126 61650
190 81% 605 176 84% 631 25853 13968 14249
190 81% 449 176 84% 468 19196 4933 5125
190 81% 552 176 84% 576 23597 17205 17220
190 83% 371 176 87% 386 15401 482 501
190 83% 748 176 87% n9 31055 2699 2934
190 81% 244 176 84% 255 10444 5016 5261

190 70% 418 178 75% 444 25646 11380 15360

196 73% 383 179 78% 410 26767 853 853
196 73% 66 179 78% 71 4633 148 148
196 86% 249 183 88% 255 5597 2579 2581
196 86% 537 183 88% 549 12077 5584 5568
196 73% 404 179 78% 432 28181 2063 2068
196 73% 546 179 78% 584 38100 2789 2795
190 81% 222 178 84% 230 7617 2558 3087
190 75% 247 176 79% 262 14977 8087 14450
190 75% 512 176 79% 543 31013 27161 42491

Sub total 1991 data 71821 83688
Sub-tota/1993 data 107168 128011

201 100% 17 196 100% 17 -
189 86% 50 180 87% 51 0963 283 993
214 68% 187 212 69% 188 1.257 - 85
214 68% 125 212 69% 126 0841 57
184 100% 50 167 100% 50 - -
184 100% 42 167 100% 42 -

Subtotal1991 data 283 1078
Sub-tota/1993 data 283 1050

210 94% 552 206 95% 556 3902 7931 321
210 94% 310 206 95% 312 2194 18558 750
210 94% 2657 206 95% 2675 18787 38189 1544
210 94% 286 206 95% 288 2019 17083 691
241 100% 275 240 100% 275
232 78% 278 230 78% 279 0674 1738 1027
214 81% 2239 212 82% 2250 10816 22402 13232
210 92% 921 206 93% 930 8732 13481 1444
210 92% 2161 206 93% 2182 20488 31630 3387
247 76% 237 245 76% 238 0894 557 182
219 80% 234 216 81% 236 1604 189 62
247 76% 504 245 76% 506 1900 1184 387
219 80% 554 216 81% 557 3787 446 146

TABLE CONCLUDES ON FOLLOWING PAGE

I
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I
I ANNEX 5.

Cabbage
Cauliflower

Hot Pepper (PH)
Sweet Pepper (PH)

Broad Bean
Slnng Bean (PH)

Slnng Bean
Lettuce
Spinach
Onion
Omon
Turnip
Carrot
Carrot
Others
Others

AnalySIS of EstImated Farm-Level Economic Returns (JD)

Resultmg from Project ImplementatIOn

Items In italics are
used to develop benefit (JD) uSing 1991 data 152938 109604
estimates referred benefit (JD) uSing 1993 data 235291 157515
to as 1993 data

Unit benefit (JDfdu) uSing 1991 data 3846 5084
Unit benefit (JDfdu) uSing 1993 data 5917 7306

change In crop production -1991 data 09% 13%
change In crop production -1993 data 09% 13%

percentage Increase In returns 1991 data 10% 15%
percentage Increase In returns 1993 data 10% 19%

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

Tomato
Tomato (tun)

Tomato
Tomato (tun)

Squash
Cucumber

Okra
Cauliflower
Slnng Bean
StnngBean

Molokhla
Molokhla (PH)
Sweet melon

Eggplant
Eggplant
Others
Others

1990 1991 Season

Without Project With Project

Gross Gross
Estimated EstImated Project Benefit Benefit

Est. % Returns Estimated Est. % Returns Benefit (1990 (1994
EC(dS/m) Yield (JDfdu) EC(dSfm) Yield (JD/du) (JDfdu) Cropping) Cropping)

2.22 85% 143 219 86% 144 0749 215 281
221 96% 261 217 96% 263 1461 1433 1252
232 73% 543 231 73% 545 1993 635 94
232 73% 627 231 73% 629 2299 931 159
241 81% 71 240 81% 71 0202 426 316
186 67% 283 154 68% 286 2729 98 3
252 48% 246 250 49% 249 3118 450 12
210 76% 155 206 77% 157 1775 3781 3214
252 86% 245 250 86% 246 0697 105 26
219 67% 88 216 68% 89 0964 24 190
219 67% 434 216 68% 439 4772 117 940
239 76% 185 238 76% 185 0420 8
220 68% 459 2.17 69% 462 3678 100 270
220 68% 191 217 59% 193 1535 42 113
239 90% 163 238 90% 163 0347 176 357
239 90% 221 238 90% 222 0471 239 484

Sub total 1991 data 73239 23190
Sub-tota/1993 data 121153 27307

185 98% 291 179 99% 294 2602 2432 167
201 95% 366 196 96% 369 2978 347 24
185 98% 302 179 99% 305 2696 2520 173
201 95% 1353 196 96% 1364 11023 1286 88
212 100% 194 209 100% 194 -
201 94% 940 196 95% 950 10207 - 79
184 68% 35 167 72% 37 2382 - 127
185 100% 273 179 100% 273 - -
1 91 66% 304 184 67% 313 8942 145 15
1 91 66% 233 184 67% 240 6846 111 12
184 94% 160 167 96% 164 3174 21 17
184 94% 413 167 96% 422 8175 114 93
190 100% 93 174 100% 93 - -
201 54% 264 196 85% 266 2924 2000 697
201 54% 83 196 85% 84 0917 627 218
189 97% 182 180 99% 185 2590 2533 429
189 97% 145 180 99% 147 2053 2008 340

Sub total 1991 data 7593 1647
Sub-tota/1993 data 6687 1147

I
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I
I ANNEX 5

AnalysIs of EstImated Farm-Level EconomiC Returns (JD)
Resultmg from Project ImplementatIonI

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

FRUIT TREES
CitruS
CItrus

Lemon
Clementme
Mandanne
Grapefruit
Pumme(or

Others

Bananas

Mise. Trees
Apple
Apple
Grape
Grape
Peach
Peach
Guava
Others
Others

FIELD CROPS
Wheat
MaIZe
Garlic
Garlic
Others
Others

Autumn
Tomato (PH)

Tomato
Tomato (PH)

Tomato
Squash
Eggplant

Eggplant (PH)
Cucumber (PH)
Cucumber (PH)

Potato
Potato
Potato
Potato

1991 1992 Season

Without Project With Project

Gross Gross
Estimated Estimated Project Benefit Benefit

Est % Returns Estimated Est % Returns Benefit (1990 (1994
EC(dSlm Yield (JDldu) EC (dSlm Yield (JD/du) (JDldu) Cropping) CroPPing)

137 94% 765 127 96% 785 20230 42984 44073
137 94% 699 127 96% 717 18482 9985 10187
137 94% 519 127 96% 533 13723 3527 3664
137 94% 638 127 96% 655 16870 12300 12310
137 96% 427 127 98% 438 11010 344 358
137 96% 861 127 98% 883 22201 1930 2098
137 94% 282 127 96% 290 7466 3586 3761

120 96% 572 112 99% 591 18526 8221 11096

130 94% 492 117 98% 512 19742 629 629
130 94% 85 117 98% 89 3418 109 109
125 96% 279 115 98% 283 4018 1851 1853
125 96% 602 115 98% 611 8670 3994 3997
130 94% 518 117 98% 539 20786 1521 1,525
130 94% 700 117 98% 728 28101 2057 2062
120 98% 268 112 100% 274 5502 1848 2230
137 91% 302 127 95% 313 10707 5781 10330
137 91% 625 127 95% 647 22171 19417 30376

Sub total 1991 data 51523 60040
Sub-tota11993 data 76782 91713

090 100% 17 084 100% 17 -
113 99% 58 105 100% 58 0339 100 349
136 87% 238 127 89% 243 5350 363
136 87% 159 127 89% 163 3579 243
126 100% 50 115 100% 50 -
126 100% 42 115 100% 42 -

Sub total 1991 data 100 712
Sub-total1993 data 100 592

123 100% 587 115 100% 587
123 100% 330 115 100% 330 -
123 100% 2826 115 100% 2826 -
123 100% 304 115 100% 304 -
190 100% 275 178 100% 275
174 89% 315 162 91% 322 6986 18007 10636
123 98% 2687 116 99% 2722 34193 70819 41830
123 100% 1000 115 100% 1000 -
123 100% 2346 115 100% 2346
150 93% 291 142 94% 296 4575 2851 931
103 100% 291 097 100% 291
150 93% 619 142 94% 629 9720 6057 1978
103 100% 688 097 100% 688

TABLE CONCLUDES ON FOLLOWING PAGE
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I
I ANNEX 5

AnalysIS of EstImated Farm-Level EconoIRIc Returns (JD)
Resoltmg from Project ImplementatIon

Items In Italics are
used to develop benefit (JD) uSing 1991 data 173674 127099
estimates referred benefit (JD) uSing 1993 data 202094 160 747
to as 1993 data

Unit benefit (JDfdu) uSing 1991 data 4367 5895
Unit benefit (JDfdu) uSing 1993 data 5082 7456

change In crop productton -1993 data 08% 12%
change In crop productton -1991 data 08% 12%

percentage Increase In returns 1991 data 10% 15%
percentage Increase In returns - 1993 data 08% 16%

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

Cabbage
Cauliflower

Hot Pepper (PH)
Sweet Pepper (PH)

Broad Bean

Stnng Bean (PH)
StnngBean

Lettuce
SpInach
Onion
Onion
Turnip
Carrot
Canef
Others
Others

Tomato
Tomato (tun)

Tomato
Tomato (tun)

Squash
Cucumber

Okra
Cauliflower
Stnng Bean
StnngBean

Molokhla
Molokhla (PH)
Sweet melon

Eggplant
Eggpfant

Others
Othef5

1991 1992 Season

Without Project With Project

Gross Gross

Estimated Estimated Project Benefit Benefit
Est. % Returns EstImated Est. % Returns Benefit (1990 (1994

EC(dSfm) Yield (JDfdu) EC(dS/m) Yield (JDfdu) (JDfdu) Cropping) Cropping)
131 98% 165 124 99% 167 1586 456 595
107 100% 273 100 100% 273 .
196 80% 600 182 83% 621 20650 6579 972
196 80% 692 182 83% 716 23816 9647 1652
190 88% 77 178 90% 79 1564 3308 2448

081 97% 410 077 98% 415 4856 175 5
179 69% 353 168 72% 369 15948 2300 64
1.23 93% 190 115 95% 193 3156 6722 5715
179 94% 269 168 96% 273 3567 536 134
103 94% 124 097 96% 126 2001 49 394
103 94% 614 097 96% 624 9909 244 1953
165 86% 209 155 87% 212 3.260 59 -
146 84% 564 1.38 86% 576 11823 323 867
146 84% 235 138 86% 240 4936 135 362
165 100% 182 155 100% 182 - -
165 100% 247 155 100% 247 - -

Sub total 1991 data 121 831 66243
Sub-total 1993 data 125043 68343

090 100% 298 084 100% 298
090 100% 383 084 100% 383 -
090 100% 309 084 100% 309
090 100% 1419 084 100% 1419 -
106 100% 194 099 100% 194 - -
090 100% 1000 084 100% 1000 -
126 84% 43 115 87% 45 1513 - 81
090 100% 273 084 100% 273 - -
1 11 88% 410 101 91% 424 13574 220 23
1 11 88% 314 101 91% 324 10391 169 18
126 100% 171 115 100% 171
126 100% 440 115 100% 440
128 100% 93 117 100% 93
090 100% 315 084 100% 315
090 100% 99 084 100% 99
113 100% 188 105 100% 188
113 100% 149 105 100% 149

Sub total 1991 data 220 103
SUb-tota/

1
1993 data 169 98
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I
I ANNEX 5

AnalYSIS of EstImated Fann-Level EconomiC Returns (JD)
Resultmg from Project ImplementationI

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

FRUIT TREES
CitrUS

Citrus
Lemon

Clemenbne
Mandanne
GrapefrUit
Pummelor

Others

Bananas

MISe. Trees
Apple
Apple
Grape
Grape
Peach
Peach
Guava
Others
Other:;

FIELD CROPS
Wheat
MaIZe
Garltc
GarlIc
Others
Other:;

Autumn
Tomato (PH)

Tomato
Tomato (PH)

Tomato
Squash
Eggplant

Eggplant (PH)
Cucumber (PH)
Cucumber (PH)

Potato
Potato
Potato
Potato

1992-1993 Season

Without Project With Project

Gross Gross
EstImated Estimated Project Benefit Benefit

Est. % Retums Estimated Est. % Returns Benefit (1990 (1994
EC(dS/m' Yield (JD/du) EC(dS/m Yield (JD/du) (JD/du) Cropping) CroPPing)

219 74% 605 173 85% 695 89589 190357 195181
219 74% 553 173 85% 635 81851 44221 45112
219 74% 411 173 85% 471 60773 15619 16227
219 74% 505 173 85% 580 74708 54470 54517
219 76% 340 173 87% 389 48759 1524 1585
219 76% 686 173 87% 784 98317 8545 9289
219 74% 223 173 85% 256 33066 15879 16657

197 68% 402 163 81% 479 76642 34009 45903

206 70% 367 157 85% 446 79457 2532 2532
206 70% 63 157 85% 77 13754 438 438
197 86% 249 160 91% 264 15416 7102 7108
197 86% 537 160 91% 570 33261 15324 15336
206 70% 386 157 85% 470 83656 6123 6138
206 70% 522 157 85% 635 113100 8279 8298
197 79% 217 163 87% 240 22763 7645 9225
219 66% 217 173 80% 265 47416 25602 45749
219 66% 450 173 80% 548 98185 85990 134523

Sub-tota11991 data 223,272 260040
Sub-total 1993 data 334397 399679

144 100% 17 137 100% 17 -
181 87% 51 153 92% 54 2813 827 2900
144 85% 233 137 87% 237 4466 303
144 85% 156 137 87% 159 2988 203
198 100% 50 154 100% 50
198 100% 42 154 100% 42

Sub total 1991 data 827 3203
Sub-total 1993 data 827 3103

148 100% 587 1 41 100% 587 -
148 100% 330 141 100% 330 -
148 100% 2826 1 41 100% 2826 -
148 100% 304 141 100% 304
149 100% 275 140 100% 275
145 94% 332 137 95% 338 5537 14274 8431
145 94% 2581 139 95% 2610 28141 58285 34426
148 100% 1000 141 100% 1000
148 100% 2346 1 41 100% 2346
149 93% 292 144 94% 295 2959 1844 602
143 94% 274 140 95% 276 1758 207 68
149 93% 620 144 94% 626 6287 3917 1280
143 94% 647 140 95% 652 4151 489 160

TABLE CONCLUDES ON FOLLOWING PAGE
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I
I ANNEX 5

AnalysIS of Estimated Farm-Level Economic Returns (JD)
Resultmg from Project Implementation

Items In italics are
used to develop benefit (JD) uSing 1991 data 328801 319224
eslImates referred benefit (JD) uSing 1993 data 439783 459244
to as 1993 data

Unit benefit (JD/du) uSing 1991 data 8268 14806
unit benefit (JO/du) uSing 1993 data 11059 21300

change In crop producI1on 1993 data 16% 35%
change In crop producI1on 1991 data 17% 36%

percentage Increase In returns 1991 data 19% 42%
percentage Increase In returns 1993 data 18% 51%

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

Cabbage
Cauliflower

Hot Pepper (PH)
Sweet Pepper (PH)

Broad Bean
String Bean (PH)

String Bean
Lettuce
Spinach
Omon
Oman
Turnip
Carrot
Carrot
Others
Other.s

Tomato
Tomato (tun)

Tomato
Tomato (tun)

Squash
Cucumber

Okra
Cauliflower
String Bean
stnngBean

Molokhla
Molokhla (PH)
Sweet melon

Eggplant
Eggplant

Others
Others

1992-1993 Season

Without Project With Project

Gross Gross
Esbmated Esbmated PrOject Benefit Benefit

Est % Returns Esbmated Est % Returns Benefit (1990 (1994
EC(dS/m) Yield (JD/du) EC (dS/m) Yield (JD/du) (JD/du) Cropping) Cropping)

139 97% 163 135 98% 164 1072 308 402
139 100% 273 136 100% 273 -
147 90% 678 136 92% 693 16369 5215 770
147 90% 780 136 92% 799 18879 7647 1309
149 94% 82 140 96% 83 1130 2390 1769
139 80% 340 134 82% 34S 5736 207 8
153 76% 392 146 78% 402 10315 1487 41
148 89% 180 141 90% 183 2844 6058 5151
153 97% 278 146 98% 280 2307 34S 87
143 85% 112 140 86% 113 1056 26 208
143 85% 553 140 86% 558 5231 129 1031
147 88% 215 139 89% 217 2355 43
139 85% 575 1.33 87% 584 8767 239 643
139 85% 240 133 87% 244 3660 100 269
147 100% 182 139 100% 182 -
147 100% 247 139 100% 247 -

Sub total 1991 data 98578 53914
Sub-total 1993 data 100896 55131

146 100% 298 138 100% 298 -
144 100% 383 137 100% 383 -
146 100% 309 138 100% 309
144 100% 1419 137 100% 1419 -
146 100% 194 140 100% 194
144 100% 1 ()()() 137 100% 1000
198 64% 33 154 76% 39 8418 341
146 100% 273 138 100% 273 -
163 73% 341 152 77% 356 15493 251 26
163 73% 281 152 77% 273 11881 192 20
198 92% 158 154 97% 166 8552 56 45
198 92% 406 154 97% 428 22027 307 250
202 100% 93 155 100% 93
144 94% 296 137 95% 300 3848 2631 917
144 94% 93 137 95% 94 1206 825 287
181 98% 185 153 100% 188 2943 2878 488
181 98% 147 153 100% 149 2333 2281 387

Sub total 1991 data 8124 2068
SUb-tota/,1993 data 3662 1331
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I
I ANNEX 5

AnalySIS of EstImated Farm-Level Economic Returns (JD)
Resulting from Project ImplementatIonI

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

FRUIT TREES
CItruS
CItrus

Lemon
Clemenbne
Mandanne
Grapefruit
Pummelor

Others

Bananas

MISe. Trees
Apple
Apple
Grape
Grape
Peach
Peach
Guava
Others
Others

FIELD CROPS
Wheat
MaIZe
GarlIc
GarlIc
Others
Others

Autumn
Tomato (PH)

Tomato
Tomato (PH)

Tomato
Squash
Eggplant

Eggplant (PH)
Cucumber (PH)
Cucumber (PH)

Potato
Potato
Potato
Potato

1993-1994 Season

Without Project With Project

Gross Gross
Estimated Esttmated Project Benefit Benefit

Est. % Returns Estimated Est % Returns Benefit (1990 (1994
EC (dSfm) Yield (JDfdu) EC (dSfm) Yield (JDfdu) (JDfdu) Cropping) CropPing)

244 68% 557 191 81% 661 104129 221252 226859
244 68% 509 191 61% 604 95135 51396 52433
244 68% 378 191 81% 448 70637 18154 18860
244 68% 464 191 81% 551 86833 63310 63365
244 70% 314 191 83% 370 56673 1772 1843
244 70% 632 1 91 83% 747 114274 9932 10797
244 68% 205 1 91 81% 244 38432 18457 19360

244 51% 300 166 79% 471 170783 75782 102285

264 52% 272 200 72% 377 104998 3346 3346
264 52% 47 200 72% 65 16176 579 579
256 77% 223 179 69% 256 32956 15164 15195
256 77% 482 179 69% 553 71107 32761 32765
264 52% 286 200 72% 397 110547 8092 8111
264 52% 387 200 72% 536 149455 10940 10966
244 68% 187 168 87% 238 50722 17035 20556
244 56% 192 191 75% 247 55111 29757 53174
244 56% 397 191 75% 511 114120 99946 156357

Sub total 1991 data 312218 369324
Sub-tota/1993 data 441 261 529830

253 100% 17 181 100% 17
250 75% 44 169 86% 50 6276 1846 6470
243 61% 168 181 76% 208 40 102 2724
243 61% 112 181 76% 139 26831 1822
263 100% 50 200 100% 50
263 100% 42 200 100% 42 -

Sub total 1991 data 1846 9194
Sub-tota/1993 data 1846 6293

249 86% 518 185 98% 574 55818 113461 4588
249 88% 291 185 98% 323 31380 265482 10735
249 88% 2494 185 98% 2763 268 771 546328 22091
249 88% 268 185 98% 297 28886 244385 9882
241 100% 275 197 100% 275
232 78% 277 179 88% 311 33943 87493 51679
245 76% 2088 183 87% 2395 306494 634806 374955
249 85% 646 185 97% 971 124923 192863 20651
249 85% 1964 185 97% 2;277 293098 452500 48452
237 77% 243 186 86% 271 28619 17833 5825
247 75% 220 180 88% 255 35239 4153 1357
237 77% 516 186 86% 576 60801 37887 12376
247 75% 519 180 88% 602 83200 9805 3203

TABLE CONCLUDES ON FOLLOWING PAGE

I Annex5 9



I
I ANNEX 5

AnalysIS of EstImated Farm-Level EconomiC Returns (JD)

Resultmg from Project ImplementatIon

Items In Italics are
used to develop benefit (JD) usmg 1991 data 1 924133 987881
estimates referred benefit (JD) uSing 1993 data 2744607 1211431
to as 1993 data

unit benefit (JDfdu) uSing 1991 data 48384 45819
unit benefit (JDfdu) uSing 1993 data 69016 56188

change In crop production 1993 data 114% 111%
change In crop production 1991 data 114% 110%

percentage Increase In returns - 1991 data 132% 152%
percentage Increase In returns 1993 data 131% 158%

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

Cabbage
Cauliflower

Hot Pepper (PH)
Sweet Pepper (PH)

Broad Bean
Stnng Bean (PH)

StnngBean
Lettuce
Spinach
Onion
Omon
Turnip
Carrot
Carrot
Others
Others

Tomato
Tomato (tun)

Tomato
Tomato (tun)

Squash
Cucumber

Okra
Cauliflower
String Bean
stnngBean

Molokhla
Molokhla (PH)
Sweelmelon

Eggplant
Eggplant

Others
Othem

1993 1994 Season

Wrthout Project Wrth Project

Gross Gross
Estimated Estimated Project Benefit Benefit

Est. % Returns Estimated Est % Returns Benefit (1990 (1994
EC(dSfm) Yield (JDfdu) EC (dSfm) Yield (JDfdu) (JDfdu) Cropping) Cropping)

255 80% 135 189 90% 151 16046 4616 6019
262 90% 246 188 100% 273 27395 26882 23481
236 72% 536 188 82% 611 74887 23859 3524
236 72% 619 188 82% 705 86370 34,987 5,991
241 81% 71 197 87% 76 5612 11872 8785
245 50% 212 173 71% 298 86216 3108 86
246 50% 255 205 62% 315 59952 8644 240
249 69% 140 185 81% 165 25391 54084 45981
246 87% 247 205 91% 261 13407 2014 503
247 60% 79 181 76% 100 20640 507 4068
247 60% 391 181 76% 493 102208 2512 20143
235 76% 186 183 83% 203 17062 311
2.50 62% 415 1.86 75% 507 91.976 2512 6748
250 62% 173 186 75% 212 38397 1049 2817
235 90% 164 183 98% 178 14075 7162 14478
235 90% 223 183 98% 242 19107 9723 19654

Sub total 1991 data 1496650 589694
Sub-total 1993 data 2196865 659863

251 88% 262 193 97% 288 25650 23975 1644
253 88% 336 181 98% 377 40825 4764 327
251 88% 272 193 97% 298 26.577 24842 1704
253 88% 1244 1 81 98% 1395 151111 17632 1,209
248 100% 194 181 100% 194
253 84% 838 1 81 98% 978 139925 - 1086
263 45% 23 200 63% 32 9238 492
251 92% 250 1.93 100% 272 21859 310
239 52% 241 184 68% 314 72931 1184 124
239 52% 184 184 68% 240 55833 906 95
263 85% 145 200 92% 157 12310 80 65
263 85% 373 200 92% 405 31705 442 360
264 87% 81 204 100% 93 12001 39049 2912
253 75% 235 1 81 87% 275 40090 27412 9550
253 75% 74 181 87% 86 12569 8,594 2994
250 88% 166 189 97% 182 16884 16513 2799
250 88% 131 189 97% 145 13383 13089 2218

Sub total 1991 data 113418 19669
Sub-total 1993 data 104635 13446

I
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I
I
I
I FRUIT TREES

CitrUS

I
CItrUs

Lemon
Clemenbne
Mandanne

I
Grapefruit
Pummelor

Others

Bananas

I MISe. Trees
Apple
Apple

I
Grape
Grape
Peach
Peach
Guava

I Others
Others

I FIELD CROPS
Wheat
MaIZe

I Garlic
Garlic
Others
Others

I
Autumn

I Tomato (PH)
Tomato

Tomato (PH)
Tomato

I Squash
Eggplant

Eggplant (PH)
Cucumber (PH)

I
Cucumber (PH)

Potato
Potato
Potato
Potato

I
I
I
I
I

ANNEX 5

AnalysIS of EstImated Farm-Level EconolDIc Returns (JD)

ResultIng from Project Implementation

19941995 Season

Without Project With Project

Gross Gross
Estlmated Estlmated PrOject Benefit Benefit

Est % Returns Estlmated Est % Returns Benefit (1990 (1994
EC(dS/m) Yield (JD/du) EC(dS/m) Yield (JD/du) (JD/du) Cropping) Cropping}

208 77% 627 144 92% 752 124857 265294 272016
208 77% 573 144 92% 687 114073 61629 62870
208 77% 426 144 92% 510 84698 21767 22615
208 77% 523 144 92% 627 104118 75913 75978
208 79% 352 144 94% 420 67954 2125 2210
208 79% 710 144 94% 847 137021 11910 12946
208 77% 232 144 92% 278 46083 22130 23214

199 67% 400 136 90% 537 137294 60922 82228

220 66% 343 143 90% 469 126217 4022 4022
220 66% 59 143 90% 81 21849 696 696
208 84% 244 140 94% 273 28591 13173 13182
208 84% 526 140 94% 588 61689 28421 28443
220 66% 361 143 90% 494 132887 9727 9750
220 66% 489 143 90% 668 179659 13151 13182
199 79% 217 136 94% 258 40776 13695 16525
208 69% 229 144 89% 295 66081 35680 63758
208 69% 474 144 89% 611 136837 119841 187481

Sub total 1991 data 332692 389298
Sub-total 1993 data 488326 584045

187 100% 17 121 100% 17 -
230 79% 46 141 95% 55 9318 2741 9607
200 71% 196 150 83% 229 32708 - 2221
200 71% 131 150 83% 153 21884 - 1486
229 100% 50 141 100% 50
229 100% 42 141 100% 42 -

Sub total 1991 data 2741 11828
Sub-total 1993 data 2741 11093

200 96% 561 139 100% 587 26065 52981 2142
200 96% 315 139 100% 330 14653 123967 5013
200 96% 2701 139 100% 2826 125504 255109 10315
200 96% 290 139 100% 304 13489 114116 4614
219 100% 275 181 100% 275 -
215 81% 288 173 89% 315 26255 67677 39974
191 86% 2355 140 95% 2606 251024 519918 307095
200 94% 942 139 100% 1000 58333 90058 9843
200 94% 2209 139 100% 2346 136863 211296 22625
189 86% 270 151 93% 291 21123 13162 4300
166 90% 262 123 98% 285 22584 2661 869
189 86% 573 1 51 93% 618 44877 27964 9135
166 90% 619 123 98% 673 53321 6284 2053

TABLE CONCLUDES ON FOLLOWING PAGE
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Items m Italics are
used to develop benefit (JD) uSing 1991 data 1408675 865302
esbmates referred benefit (JD) uSing 1993 data 1880493 1 091100
to as 1993 data

Unit benefit (JDldu) uSing 1991 data 35423 40134
unit benefit (JDldu) uSing 1993 data 47287 50607

change In crop producbon 1993 data 71% 92%
change In crop producbon -1991 data 71% 93%

percentage Increase In returns 1991 data 88% 120%
percentage Increase In returns 1993 data 82% 127%

Cabbage
Cauliflower

Hot Pepper (PH)
Sweet Pepper (PH)

Broad Bean
Stnng Bean (PH)

Stnng Bean
Lettuce
Spmach
Onion
Oman
Turnip
Carrot
Canet
Others
Others

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

Tomato
Tomato (tun)

Tomato
Tomato (tun)

Squash
Cucumber

Okra
Cauliflower
StnngBean
stnngBean

Molokhla
Molokhla (PH)
Sweet melon

Eggplant
Eggplant

Others
Others

ANNEX 5

AnalysIS of EstImated Farm-Level EconomiC Returns (JD)
Resulting from Project ImplementatIon

1994 1995 Season

Without Project With Project

Gross Gross
Estlmated Estlmated Project Benefit Benefit

Est % Returns Estimated Est % Returns Benefit (1990 (1994
EC(dSlm' Yield (JDldu) EC (dSlm) Yield (JDldu) (JDldu) Cropping) Croppmg)

181 91% 153 142 97% 162 9660 2779 3624
153 100% 273 119 100% 273 - -
230 73% 547 188 82% 612 64850 20661 3052
230 73% 631 188 82% 706 74794 30297 5188
219 84% 73 181 90% 78 4839 10236 7575
180 69% 290 118 86% 365 74912 2700 75
205 62% 315 168 72% 369 53671 7739 215
200 78% 160 139 90% 184 24044 51216 43542
205 91% 261 168 96% 273 12003 1803 450
166 80% 104 123 90% 118 13570 334 2674
166 80% 517 123 90% 584 67196 1652 13243
204 81% 196 165 86% 209 12776 233
1.95 73% 494 155 82% 552 57820 1579 4,242
195 73% 206 155 82% 230 24138 659 1771
204 95% 173 165 100% 182 9120 4641 9381
204 95% 234 165 100% 247 12381 6300 12735

Sub total 1991 data 1004642 449054
Sub-total 1993 data 1338639 487280

197 96% 286 122 100% 298 11924 11145 764
187 97% 374 1.21 100% 383 9630 1124 77
197 96% 297 122 100% 309 12355 11548 792
187 97% 1383 1.21 100% 1419 35645 4159 285
173 100% 194 124 100% 194 -
187 97% 967 121 100% 1000 33007 256
229 55% 28 1 41 80% 41 13050 694
197 99% 270 122 100% 273 2578 - 37
230 54% 252 136 81% 377 125509 2037 213
230 54% 193 136 81% 289 96085 1559 163
229 89% 151 141 99% 169 17389 113 92
229 89% 390 141 99% 435 44786 625 509
2.26 96% 89 143 100% 93 3631 11816 881
187 86% 271 1.21 98% 308 36992 25293 8812
187 86% 85 121 98% 97 11598 7930 2763
230 91% 171 141 100% 188 16816 16446 2787
230 91% 136 1 41 100% 149 13330 13037 2209

Sub total 1991 data 68600 15123
SUb-totaf

l
1993 data 50787 8681

Annex5 12

1990-1994 AVERAGES
Cropping Pattern
1990 1994
797 644 481 822

1100 454 616007

20058 22348
27672 28571

43% 52%
44% 53%

49% 66%
47% 71%
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ATTACHMENT 1

Translation ofLetter

Ministry ofTourism and AntIquities
Dept. ofAntIquities

Ref 8/111/722
Date 1413/1996

H E The Secretary General
Jordan Valley Authonty

KIndly be mfonned that a sIte VISIt was conducted on 1113/1996, to check the
proposed alIgnment for the Zarqa RIver Conveyance, by Mr A Abu Dayyeh, Project
Manager, Hentage Resources ProJect, Dept of AntIqUItIes accompamed by Eng
Khaled Murad, Consultant's RepresentatIve

No antIquItIes were found along the proposed route between Hwaret WeIr and Abu
Zeighan WeIr, therefore thIS department has no objectIon towards the constructIOn of
thiS proJect, provIded that the Contractor keep this department mfonned on any
antIqwtIes that may be found dunng construCtIon.

Regards,

Dr GhazI Blsheh
General Manager


