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DEFINITION OF TERMS USED IN THIS REPORT 

BOD Biological Oxygen Demand (in mg/L over a 5-day period at 250C) 

Irrigation Development Area 7 
Draft Environmental Assessment / / 

I 
commonly used 

I 

/ 

du dunum. A unit of area measure equal to 0. I hectares. 

JVA 

KAC 

KAC-n 

KAC-s 

km 

KTD 

L/s 

Electroconduaivity. A measure of how readily a medium (e.g., water, soil) will 
conduct an electrical current. This measure is related lo salinity, which is the 
total concentralion of major calions and anions in a medium. Relative to the use 
of the terms ' E C  and 'salinily" in this document, they are interchangeable. 

Irrigation Supporl Projecl for Asia and the Middle East. U.S. Agency for 
lnterna~ional Development 

Jordan Valley Authority, Ministry. of Water and Irrigation 

King Abdullah Canal 

KAC north of the confluence with the Abu Zeighan Canal 

KAC south of the confluence with the Abu Zeighan Canal 

kilometer 

King Talal Dam 

Liters per sexond. Equivalent to 0.00 1 ni3/s. 

meter 

Cubic meters per second. Equivalent to 1,000 L/s. 

Milligrams per liter. (equivalent lo "parts per million') 

Million cubic meters per year. 

Uniled Slates Agency for International Development 

Zarqa Carrier I. An irrigation pipeline originating a1 Thahab Weir. 

Zarqa Carrier II. An irrigation pipeline originating at Thahab Weir. 
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1. SUMMARY 

The Proposed Action is construction of a 3.7 km pipeline to divert water from the Zarqa 

River at Hwarat Weir and convey that water to the canal that originates at Abu Zeighan 

Weir, approximately 4.7 krn downstream of Hwarat. The pipeline will prevent mixing of 

irrigation water, released at King Talal Dam (KTD), and saline water originating from 

springs and seeps along the Zarqa River channel between Hwarat and Abu Zeighan Weirs. 

Recently, mixing of saline spring water with low-volume irrigation releases from KTD has 

caused damage to and loss of fruit trees in the Southern and Middle Jordan Valley irrigation 

districts that are served by the King Ahdullah Cmul (KAC) south of its confluence with the 

Abu Zeighan Canal. 

The primary, directly-affected area is known as the 18 km Extension Project, which comprises 

36,915 dunums (3.692 ha) of irrigated lands in the Southern Jordan Valley. Additional 

irrigated lands in the Middle Jordan Valley, totalling approximately 5.500 dunums (550 ha), 

are also directly affected by salinity of water in the KAC south of the Ahu Zeighan Canal. 

The 14.5 km Enension Project, comprising 59.750 du (5,975 ha) in the Southern Jordan 

VaUey will he indirectly affected by the project. 

The Proposed Action will affect agricultural lands and dwellings along the 3.7 krn pipeline 

alignment, a 4.7 km segment of the Zarqa River above Ahu Zeighan Weir and a 17 km 

segment of the Zarqa River below Abu Zeighan Weir. Land use and habitations will be 

affected by construction and operation of t h e  Proposed Action. During construction, up to 

16.3 du (1.6 ha) of lands that were under cultivation during 19% will be disrupted by 

construction activity. This impact can be mitigated by scheduling construction during the 

summer and early fan months. Six dwellings are located within 50-100 m of the pipeline 

construction area. Construction effects on dwellings will be limited to dun  generated by 

construction activities, which wiU be short-lived. Operition of the Proposed Action will 

occupy approximately 1.1 du (0.1 ha) of land that was under cultivation during 1996. 

Flow in the Zarqa River channel between liwarat Weir and Ahu Zeighan Weir will be 

reduced by diversion of substantiaUy all streamflow at  Hwarat Weir. Operation of a settling 

basin at the pipeline headworks may result in a small flow (estimated at up to 20 L/s) being 

released downstream from the weir. The strenmhed for 1.5 km below Hwarat Weir will be 



subject to dessication. The  remaining 3.2 km segment bctween Hwarat Weir and Abu -- 
Zeighan Weir will be subject to inflows of 150-300 L/s from saline springs. Saline spring , , _g 
waters have a mixed Electro-conductivity (EC - a measure of salinity) in the 7 - 9 dS/m 

'- '9 
I 

range. Downstream from Abu Zeighan Weir, flows in the river channel will increase under 

the Proposed Action because saline spring water, which, at present, is partially mixed with 

irrigation water from KTD, will no longer be diverted from the Zarqa River channel at the 

weir, 

Water quality in the areas irrigated 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 period beginning in September 1990 indicates that the project would have 

reduced the five-year average salinity of irrigation water by 0.4 dS/m. Substantial 

improvements in salinity would have occurred in 1994 and 1995 while small improvement 

would have occurred in 1W1 and 1992. 

The Proposed Action will affect habitat for aquatic life, vegetation in and adjacent to the 

stream channel, and. due to its effects on vegetation and aquatic life, habitat for resident and 

migralory buds. Aquatic life would be virtually eliminated in the 1.5 km '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. I h e  aquatic fauna in 

the 3.2 km 'brackish' segment, affected by saline springs, would likely benelit from project - 
operation because channelization of the 

intended t o  partially separate saline 

diversity as  a result of the loss of flow in t h e  channel; however. conditions in the brackish 

salinity and flow conditions would 

reduced. Vegetation in the 

segment would likely improve because vegetation would not be removed during channel 

maintenance activities. The area between Hwarat and Abu Zeighan Weirs would likely lose 

some of its attractiveness a s  migratory and resident bird habitat as  a result of the propased 

action. Mitigation in the form of a sm:~lI continuous minimum flow release (70 L/s) to the 

channel below Hwarat Weir would likely mainruin invertebrate aquaric life in the segment 

immediately below the weir. A minimum tlow would also help maintain vegetation diversity 

and habitat quality for migratory birds at levels near those available at present. 



The Proposed Action will affect human uses of the river channel between Hwarat Weir and 

Abu Zeighan Weir. Project operation will affect two h~rms that irrigate using 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 irrigation at the farms using water directly from the channel will be 

unreliable. Water quality for livestock use is typically considered 'very satisfactor)r (EC 

< 5.0 dS/m), although periodic reductions in qualtiy to 'satisfactov (EC 5 - 8 dS/m) or 

'limited use' (EC 8 - I 1  dS/m) levels occurs. During project operation, livestock water 

quality will remain in the borderline area lxtwren the "satisbctory' and 'limited use' levels. 

Pastoralists may have to travel approximately one kilometer to reach channel areas with 

flowing water. Provision of a minimum flow will provide a reliable supply of urigation water 

and slightly reduce salinity in the brackish water segment. 

A t  present, i t  is  believed that the project will not affect any areas having antiquities or 

cultural artifacts. I t  will be necessary to confirm this on the basis of field reconnaisance. 

The Proposed Action will result in  substantial economic benefits to the areas irrigated from 

the KAC south of its confluence with the Abu Zeighan Canal. Based on a retrospeaive 

analysis of water quality, cropping and economic data. the impact of the project on the 18 km 

Exlension area would have averaged between 480,003 and 1,100,000 JD/yr during the period 

1991 to 1995. The five-year average includes both Vet '  years when benefiu would have been 

low, and 'dry' years when benefits would have been substantial. The range in economic 

benefits reflects the effects of data on differences in  cropping patterns and economic returns 

between years during the study period. Benefits to areas outside the 18 km Exlension 

Project that wil l  be directly and indirectly affected hy the Proposed Action would likely 

increase the estimated total project benefit to somewhere in the range of 800,000 to 1.800.000 

JD/yr during 1991 to 1995. 



2. INTRODUCTION 

The United States Agency for International Development (USAID) is supponing investments 

to assist the Government of Jordan in improving the management and conservation of water 

resources. As a pan  of this assistance, the Jordan Water Quality Improvement and 

Conservation Project (WQIC) was initiated under Contract No. 278-MB8-CM)-402&00, 

between Development Alternatives. Inc. and USAID. 

/- 

A (9 a'' 
The Zarqa River as it part of the WQlC program to evaluate 

the potential for of water released from King Talal Dam 

(KTD) and the River at Abu Zeighan Weir. The 

water released waste water intended for use in 

irrigated agriculture in the central and southern Jordan Valley. The objective of this Draft 

Environmental A s e s m e n t  ( D m )  is to assess the environmental impacts of the proposed 

project and selected alternatives for improvement of conveyance and water quality. The 'no- 

action' alternative is a member of the set of alternatives considered in this DEA. 

Environmental assessment of the project is being carried out under applicable U.S. 

regulations for USAID funded projects. This has involved conducting a Scoping Session 

where interested and affected parties were asked to comment on the potential environmental 

consequences of undertaking the proposed projecl and to identify issues that require analysis 

during preparation of the Environmental Assessment. The Smping Session resulted in a 

Sooping Statement that identified those environmental issues on which this DEA will focus. 

For the purposa of the DEA, the term 'environment' includes the natural environment. the 

social environment and the emnomic environment. 



2.1 OBJECTIVES 

The objectives of this DEA are the following: 

Provide a brief specification of the need for the project. 

Identify the alternatives being considered in the DEA, including the propsed project 

and the'no-action' alternative. 

Describe the environment or areas that will be affected by the alternatives under 

consideration. 

Describe t h e  environmental consequences of undertaking any of the  alternatives, 

including direct and indirect effects, and possihlr mitigation measures. 

Identify monitoring required to measure changes in environmental qualiry resulting 

from implementation of the proposed project. 

2.2 PROJECT SETTING 

The project is located in the lower part of the Zilrqa drainage basin in hilly terrain at the 

edge of the Jordan Valley at elevations ranging from -1 15 m (Thahab Weir) to -236 m (Abu 

Zeighan Weir). The floodplain at the upper end of the project area is narrow with extremely 

steep slopes rising to elevations of 150 m or more above the river bed an both sides of the 

river. 7he floodplain becomes broader downstream, particularly on the right (north) bank of 

the river. 7 h e  river generally remains close to the base of the hills on the leR (south) bank 

as it passes through the village of Abu Zeighan at the downstream end of the project area. 

The flow in the river is controlled by KTD, approximately 11.5 km upstream of the Thahab 

Weir. Releases are made from KTD to support irrigated agriculture. m e  water released is 

passed through hydroelectric generators at the dam. Hydraulic capacity of the generation 

facility at KTD is 6,300 Liters per second (L/sl). At Thahab Weir. flows of up to 2.770 L/s 

are diverted into irrigation pipelines, referred to as Zarqa Carrier I (ZC I )  and Zarqa 

' Liters per rccond. Equal lo 0.001 cubic meters pcr second (m3/s) 
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Carrier I1 (ZC 11). ZC 1 and ZC I1 have design capacities of 1,000 and 1,770 L/s, 

respectively. ZC I supports irrigation along the river (usually along the right, or north, bank) 

between Thahab Weir and Abu Zeighan village. Any water remaining after the diversion at 

Thahab Weir flows downstream about 9.') km to the Abu Zeighan Weir, where it  is diverted 

into the King AbduUah Canal (KAC) through the Abu Zeighan Canal. 

Hwarat Weir is located approximately 5.2 km downstream of Thahab Weir. The weir and a 

small canal beginning at the weir have been abandoned. Between Hwarat Weir and Abu 

Zeighan Weir are a number of saline springs that enter the river. Inflow from the springs is 

approximately 150-300 L/s. 

The KAC is considered to comprise two sections, the KAC-s, south of the confluence with 

the Abu Zeighan Canal, and KAC-s, north of that confluence. The KAC-n carries water 

from the Yarmouk River in the north, which is a high quality source suitable for irrigation 

and municipal industrial use. The water in the KAC-s is a mixture of Zarqa River water and 

Yarmouk River water. The Zarqa water is of lower quality than Yarmouk water. The 

mixture is usually suitable for irrigation with slight to moderate restriction. During periods of 

low flow both in the Zarqa River and in the KAC-n , water quality in the KAC-s may be 

degraded by saline inflows to levels where it is unsuitiable for most crops. This project was 

developed in response to the need to maintain suitable water quality in the KAC-s. 

2.3 BACKGROUND 

Since the latter pan of the 1970's, the Jordan Valley Authority (JVA) has suspected that 

some portion of the irrigation water released at KTD was not reaching the KAC. Studies by 

the JVA, and others, were conducted during the 1080's to quantify losses and identify the 

river reaches in which losses were occurring. The most recent studies were conducted in 

1994 by the University of Jordan and ISPAN (Irrigation Support Project for Asia and the 

Near East - USAID). These studies supported the need for additional study of Zarqa River 

channel efficiency. 



Harza' reviewed conveyance and water quality information and conducted water quality and 

conveyance sludies in 1995. Harra concluded  hat there is no water quality deterioration and 

thal cnnveyance losses a r e  not appreciable (in fact, some gains may occur) between KTD and 

Thahab Weir; water quality is unchanged and small losses o r  gains possibly occur between 

Thahab Weir and Hwarat Weir; and some conveyance losses a r e  possible and water quality 

deterioration (due  to saline springs) occurs between tlwarat Weir and Abu Zeighan Weir. 

Water qualily deterioration affects the suitability of water for use in irrigated agriculture, the  

primary use for which the water is intended. 

Water quality in the KAC has deteriorated in recent years. This has been due primarily to 

reduced availability of high quality Yarmouk River water for mixing with water released at 

the KTD. Yarmouk River water is diverted to Amman for municipal and inducstrial use 

from the KAC north of the confluence with Abu Zeighan Canal (which conveys KTD water 

to the KAC from Abu Zeighan Weir). By itself, KTD water is of marginal quality for 

irrigation use. The source of approximat y half o h e  water released at KTD is partially 0 
treated municipial and  industrial wastewater from metropolitan Amman and Zarqa. In dry 

years, when runoff from natural rainfall in the Zarqa River Basin is limited, the mon~hly  

average electroanductivi ty (EC)  of water released at KTD n a y  ex& 2.5 dSjm ' ,  a level a t  

which growth of moderately tolerant crops may be adversely affected. T h e  quality of KTD - 
water reaching the KAC is further degraded by saline springs and seeps in the reach of the 

river above Abu Zeighan Weir. Recently, during periods of low releases from KTD, only 

Zarqa water has been available to the KAC below the Abu Zeighan Canal because Yarmouk 

water has been completely abstracted for municipal, industrial and upstream irrigation u s e  

During 1W3 and 1944, high salinity of undiluted Zarqa water resulted in reduced crop yields 

and  loss of some 10,000 citrus trees in the southern Jordan Valley. Low releases from KTD 

mixed with saline spring water in the Zarqa above Abu Zeighan Weir. Diversion of this 

water to the KAC, when undiluted by Yarmouk water, resulted in high salinities in the KAC 

' Harm Engineering and Co~ulidaled Consullanls. 1996. b r q a  Rker Conveyam Slue.  Phrv A - 
Conceplual S l u e .  Pan 3 - Setmion of Preferred Al1crn;llivc. Final Hcpn. 

is a measure of conducl~~ly equivalent 
per ~cnlimcler). &/In cr gunuriilly 

studics. 



during summer 1994 (May - October EC 2.02 - 3.67 dS/m; average 2.74 dS/m4). The 

deterioration in quality caused by the salt springs, in combination with the lack of  Yarrnouk 

water for mixing, has resulted in water quality in the KAC that has proved detrimental to 

crops, especially citrus and fruit trees. 

1~ ' Water and Environment Research and Study Center - Univerrily or Jordan. 1995. lmgation marugemen1 & 
vale, qualily in the Cenlral Jordan Valley (Baseline S u w q ) .  Wvler Oualily In,pruremml and Convrvalion 
Prujecl, Rrpon 31 14-95-3b.05. 

I 
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3. PROJECT PURPOSE 

m 
The purpose of  the project is to improve the quality of  water delivered to the KAC via the 

Abu Zeighan Canal by separating saline inflows from lower salinity water released at KTD 
L 

lrnprovements in water quality are expected to improve agricultural yields in the area 

irrigated from the KAC south of  the Zarqa River. 
L 



I 

4. ALTERNATIVES INCLUDING THE PROPOSED ACTION 

I 

During the first phase of the project. a number of conceptual alternatives were originally 

proposed to improve mnveyance and quality of water released at KTD. The focus of the 
I 

project became water quality and water loss in the area between Hwarat Weir and Abu 

Zeighan Weir when it was determined that conveyance was acceptable and that deterioration 
m 

of water quality did not occur in the Zarqa River channel upstream of Hwarat Weir (Figure 

4-1). The alternatives originally considered included construction of a pipeline from KTD to 
I 

Abu Zeighan Canal; construction of a pipeline diversion to bypass certain reaches of the 
- 

channel; improving the river bed; constructing a deep cutoff wall in the channel; constructing 
m a canal to bypass certain reaches of the channel; and preventing saline spring flow from 

entering the river channel. In addition, power generation features (construction of a 

powerhouse and, possibly, a reregulating reservoir) were considered for incorporation into 

the pipeline alternatives. 

Several of the above alternatives were dropped from consideration when information. 

developed during the conceptual phase of the study, indicated that they were unnesesary, 

too costly, ineffective or impractical. AU alternatives (including the P r o p o d  Action) 

retained for consideration involve construction of a pipeline or canal-pipeline combination to 

divert KTD water from the Zarqa River channel at Thahab or Hwarat Weir. Diverted water 

will be bypassed around the area of saline springs and conveyed to the head of the Abu 

Zeighan Canal. 

J 
Environmental effects of the proposed action and the feasible alternatives on the area 

irrigated from the KAC-s will be equivalent. Compared to the 'no-action' alternative, there 

will be considerable benefits to irrigated agriculture along the KAC-s. The magnitude of 

potential negative impacts for the various alternatives is largely dependent on the point of 

origination of the now diversion (Wahab or fiwarat Weir) and the amount of ~mnstruaion 

required for each alternative. 

4.1 PROPOSED ACTION 

W e  proposed action involves rehabilitation of Hwarit Weir and construction of a 3.7 km 

long, 1.4 m diameter, ductile iron pipeline from Hwarat Weir to the head of Abu Zeighan 



Canal (Figure 4-2). e pipeline will follow the course of an abandoned canal that originates 4 
at Hwarat Weir for approximately 0.5 km to the edge of the river, cross the river on a bridge 

(the aqueduct for the abandoned canal is occupied by the ZC I pipeline), and continue to 

follow the canal alignment for approximately 1.3 km. The pipeline will diverge from the 

canal alignment and continue about 0.7 km alongside an existing roadway to a point just 

J 
downstream of Abu Zeighan Bridge. The pipeline will cross the river at this point, follow an 

existing farm road along the foot of the hill on which the village of Abu Zeighan is located 

and continue in the river floodplain along the h ~ s e  ol' the escarpment southwest of Abu 

Zeighan village. The pipeline would terminate ;it the Abu Zeighan Canal approximately 

1.1 km from the river crossing. > 
Rehabilitation of Hwarat Weir will be required for the Proposed Action, thus requiring 

disruption of the streambed and use of land for construction lay-down areas in the vicinity of 

the present weir. esanding of water conveyed by this alternative will be necessary. C 
Desanding will be accomplished using a settling basin 7 m wide by 34 m long. 

/" 

The proposed alignment passes within 100 m of six dwellings. The alignment is aocessiMe 

from existing roads throughout most of its length. Cultivated areas m u r  within 100 m of the 

pipeline for most of its length. The proposed alignment will pass within 100 m of three citrus 

orchards. 

Construction will affect areas that are presently being cultivated. The area required for 

buried pipeline construction will include 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 

during pipeline installation in the trench. Excavated materials will be used to backfill the 

trench after the pipeline has been installed. The width of the area affected will be about 

10 m, typically centered on the axis of the pipeline. This area of 16.3 du' may not be 

available for planting during one cropping season. There are presently no plans to remove 
J 

fruit trees for pipeline construction. 

The canal alignment is generally unoccupied, although it has been Tied and planted in a few 

areas. The canal presently occupies approximately 2.7 du of land in cultivated areas. 

' du is the abbreviation lor dunum. One dunum is equal lo 0.1 hcnares or 0.247 an=. 

1 1  



Construction of the pipeline alternative would require that approximately 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 covering leaves and flowers; thus reducing 

growth and fruit production. The location of the pipeline alignment adjacent to paved roads 

will help reduce dust generated by construction traffic. Construction will typically require a 

month from excavation to b a c k f i i g  for any given segment of the pipeline; thus, dust 

generation in any specific location will be short-lived. 

The Proposed Action will divert water from approximately c9 of river channel between o+& 
Hwarat and Abu Zeighan Weirs. There are  at least two irrigation withdrawals along 

bank of the river in this segment mately 1.5 km can be described a s  freshwa~er 

habitat and the remainder as bra e freshwater habitat will be affected signifmntly by 

dessication, and appreciable loss nt aquatic vegetation (sedges. rushes and cat~ails) -- 
,: 

is expected. It is likely that plant species better adapted to periodic wet conditions. suchLLs ' 

oleander, tamark and common reed, will replace the aquatic vegetation 

Effects on the brackish habitat will be less pronounced as inflow from saline springs will be 

maintained; however, transitional freshwater-brackish habi~at will be lost and salinity will 

increase and remain relatively constant in remaining hahitat. Compared to the No-Action 

Alternative, channelization of 2.4 km of the streambed will no longer occur and a more 

J 
natural riparian and aquatic community, adapted to brackish conditions, may develop. 

Dessication in the stream channel and riparian zone will likely result in ;I general loss of 

vegetation in the stream channel in the are;) considered to be freshw;~trr habitat. Emergent 

aquatic vegetation will likely disappear and this will reduce the habitat value for some ~ypes 

/ 
of wading birds and shorebirds. The cover value of the tamark and oleander will likely be 

retained and the habitat will remain suitahle for migrating and raiden1 songbirds and 

roosting by many species. 

Dessication will eliminate fish populations and most aquatic invertebrates (including crabs) 

from the freshwater zone. Use of the area by amphibians will be limited. Species able to 

opportunistically make use of ephemeral pools left after rainfall or  high flow events will likely 

persist. The loss of freshwater aqualic fauna will reduce the suitability of this area for 

foraging by kingfishers and wading birds. In the hrackish area, the springs will maintain 



sufficient flows lo support a diverse aquatic fauna. including fish, that are adapted to brackish 

conditions. 

All flow from the saline springs will be allowed to pass Ahu Zeighan Weir and continue 

downstream to the Jordan River. 

4.2 NO-ACTION ALTERNATIVE 

The No-Action Alternative would continue operation of irrigation facilities supporting 

agriculture in the 18 km Extension Project area of the southern Jordan Valley (Figure 4-1) 

without reducing the salinity of water delivered to farmers. Flows in the Zarqa River 

downstream of Thahab Weir, which are presently controlled for agricultural purposes. would 

not be altered. In the segment between Thahab and Abu Zeighan Weirs flows would vary 

between near zero and 4.5 m3/s depending on irrigation requirements along the KAC-s. 

Complete dessication of 2.3 km of the channel immediately below Thahab weir would a r u r  

annually. Minimal flows would enter the river from the settling hasin overflow (10-20 L/s) 

approximately 2.3 km below Thahab Weir during periods when no irrigation water was 

required. Diversion of most flow from the Zarqa River would occur at Abu Zeighan Weir. 

The 17 km river reach below Abu Zeighan Weir would receive some diverted saline spring 

flows from upstream (approximately 80 L/s with an EC of 7-9 dS/m). 

4.3 FEASIBLE ALTERNATIVES TO THE PROPOSED ACTION 

43.1 Cnnsl-Pipeline Comblnstion 

This alternative would involve rehabilitation of Hwarat Weir, demolition and reoonstruclion 

of the abandoned canal from Hwarat Weir for a distance of approximately and construction 

of a pipeline from Hwarat Weir to the head of Abu Zeighan Canal (Figure 4-3). The canal 

would follow the course of the abandoned canal that originates at Hwarat Weir for 

approximately 2.0 km. At this point a pipeline would be constructed along the same 

alignment as that of the Proposed Action for the remilining 1 7 km to Abu Zeighan Canal. 

The proposed alignment would p a s  within 100 m of six dwellings. The alignment would be 

accessible from existing roads throughout most of its length. Cultivated areas a r u r  within 



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 being cultivated. The area required for 

buried pipeline construction wiU include 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 

during pipeline installation in the trench. Excavated materials will be used to backlill the 

trench after the pipeline has been installed. The width of the area affected will be about 

10 m, typically centered on the axis of the pipeline. This area of 16.3 du of land that was 

under cultivation during winter 1996 might not be available for planting during one cropping 

season. There would be no plans to remove fruit trees for pipeline construction. 

The canal alignment would be generally unoccupied, although it  has been filled and planted 

in a few areas. The abandoned canal presently rwupirs  ;~pproximately 2.7 du of land in 

cultivated areas. Construction of the canal-pipeline alternative would require 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 this ;~llernative would be of similar 

magnitude to those expected for the Proposed Action. 

This alternative has the advantage of having a lower construction cost than the R o p e d  

Action; however, maintenance costs will be higher. This open canal construction also has the 

disadvantage of being more susceptible to adverse effects from various types of accidents 

such as, spills of pesticides or fertilizers or illegal disposal of waste materials. JVA prefers 

the use of pipelines for this type of project. Thus the Proposed Action was selected over this 

alternative despite its lower initial cost. 

4 3 2  Pipeline from Thahab Weir tu Abu ZPighan Canal 

This alternative would involve expansion of the settling hasin at ThahnhWeir, and 

construction of a 6.6 km pipeline from Thahsb Weir lo the head of Abu Zeighan Canal 

(Figure 4-4). The pipeline would generally parallel the course of Z C  I 1  for the first 3.9 km. 

At this point a pipeline would be constructed along the same alignment as that of the 

Proposed Action for the remaining 1.7 km to Abu Zeighan Canal. 



Cultivated areas occur within 100 m of the canal-pipeline alignment for most of its length. 

The proposed alignment would pass within 100 rn of three citrus orchards. 

Construction would affect areas that are presently being cultivated. The area required for 

buried pipeline construction will include the trench, ;I lily-down and work areu adjacent to the 

trench and an area, also adjacent to the trench. for temporary storage of excavated materials 

during pipeline installation in the trench. Excavated materials will be used to backidl the 

trench after the pipeline has been installed. The width of the area affected will be about 

10 m, typically centered on the axis of the pipeline. This area of 22.6 du of land that was 

under cultivation during winter 1996 might not be available for planting during one cropping 

season. It is likely that 0.3 du of olive trees would be removed during pipeline construction. 

Construction of the canal-pipeline alternative would require that approximately 7.3 du land 

be permanently removed from production. 

This alternative wouId affect approximately 9.9 km of river channel between Thahab and Abu 

Zeighan Weirs. There are at least three irrigition withdrawals along the left bank of the 

river in this segment. Approximately 6.7 km can be described as freshwater riparian and 

aquatic habitat and 3.2 km can be described as brackish habitat. The freshwater habitat 

would be affected significantly by dessication and appreciable reduction of littoral vegetation 

is expected. Effects on the brackish habitat would be less pronounced as inflow from saline 

springs would be maintained; however, transitional freshwater-brackish habitat would be lost 

and salinity would increase in the remaining habitat. Compared to present conditions. 

channelization of 2.4 km of the streambed would no longer mcur and a more natural riparian 

and aquatic community, adapted to brackish conditions, may develop. 

!- 
This alternative would affect 5.2 km of freshwater aquatic and riparian habitat in addition to I 
that which would be affected by the proposed alternative. Effects on the area downstream of i 
the Abu Zeighan Weir and in the areas irrigated from the KAC-s would be equivalent to L 
those that will occur with the Proposed Action. 

This alternative was retained for consideration in the event that geotechnical or other 

information developed during the final design stage indicated that Hwarat Weir could not be 

rehabilitated in a cost-effective manner. This alternative has higher construction costs (which 

are a function of the pipeline length) and would have greater negative impacts on habitat and 

biota in the Zarqa River channel without offering any increase in benetits. 

../ 

I 



4.4 COMPARISON O F  ALTERNATIVES 

This Section compares the environmental effects of Proposed Action and the feasible 

alternatives, including the No-Action Alternative. and the Proposed Action with 

recommended mitigation. The areas of comparison include construction effects, effects on 

flow in three, potentially-affected segments the Zarqa Kiver, effects on water qualily in the 

Zarqa River and the KAC; effects on aquatic life, channel and riparian vegetation, and 

migratory/resident bird habitat and effects on human uses in affected areas. No comparison 

of project benefits is provided because the ~ r o ~ o s e d  Action and all fessihle alternatives will 

have the same level of benefits relative to the No-Action Alternative. 

4.4.1 Construction and Opemtlon Etlecls on Land Use (Table 4-1) 

The No-Action Alternative will not affect land use and dwellings. Construction of the 

Proposed Action could cause a one-season disruption of up the 16.3 du of land that was 

under cultivation for vegetables during winter 19%. This disruption can be mitigated by 

scheduling construction outside of the normal growing season (September to May). 

Cultivation over the pipeline trench area would likely be discouraged after completion of 

construction (although planting over other pipelines in the area appears to be common 

practice), resulting in a permanent loss of about I .  I du of cultivated land. Loss of up to 0.6 

du of citrus could occur; however, present plans for pipeline construction call for avoiding 

this area. Construction in the river channle would be required at two locations. The effects 

of the Hwarat canal-pipeline alternative are similar to those of the Proposed Anion; 

however, the canal would likely occupy more area and thus would involve a permanent loss of 

2.9 du of cultivated land. Due to its greater length, the Thahab pipeline alternative would 

temporarily affect 22.6 du of land that was under cultivalion for vegetables and would result 

in permanent removal of 7.0 du of land from vegetable cultivation and 0.3 du of olive trees. 

Construction in the river channel would be required at five locations. 



 able 4-1. 
Ellecls of eonstrudion of allernallves on land use and dwellings. 

4.42 Operalion Ellecls un Streamflt~w (Table 4-2) 

The Proposed Action would divert water from a stream segment that is about 4.7 km long. 

m e  lower portion of that segment is affected by saline springs and seeps and appreciable 

flow would become established within the first 2.5 km below Hwarat Weir. Operation of a 

settling basin for desanding water delivered to the pipeline (similar to the basin at Thahab 

Weir) may provide limited year-round flows (up to about 20 L/s) in the 1.5 k m  segment 

upstream of the saline springs. With the proposed mitigation a minimum flow o f  20 L/s 

would be released at Hwaret Weir to provide for m;~inlennncr of migratory bird and wildlife 

habitat in  the upstream portion of this segment. Under the No-Action Alternative, flows in 

this segment would fluctuate in  response to irrigation demands (from 0 to approximately 

2,500 L/s), with limited Oows (up to about 20 L/s) in  the upstream 1.5 km segment for 

prolonged periods during the winter months. 



The Hwarat canal-pipeline alternative would have he equivalent to the Proposed Action 

relative to its effects on flow. The Thahab pipeline alternative would affect an additional 

5.2 km of stream channel. This segment of channel would experience limited flows (up to 

about 20 L/s) throughout the year. 

At present (No-Action Alternative), the Z:~rq;l River downstream from Abu Zeighan Weir 

has a flow of approximately 80 L/s from diverted saline spring inflows. These flows were 

established recently and account for only a portion of the saline spring flows; however, in the 

absence of other measures, they would be expected to continue. The Proposed Action and 

feasible alternatives would increase that flow to 150-300 L/s because aU spring inflow would 

be passed at the weir. 
/ 

Table 4-2. 
ElTects or alternatives on Zarqa River flow below Thahab Weir 

I I I 

No-Action I KAC Irrigation1 I KAC lrrigaition I Partial Saline Spring I 
Alternative 

Thahab to Hwaret 
(53 b) 

PROPOSED 
ACTION: 

Hwarat Same as No- Same as Proposed Action Same as Proposed I C.ui- I Action Alternative I Action 

Hwaret to Abu Zeighan Uuwnstrrrrn from Abu 
(4.7 km) Zeighbn (17 km) 

Hwarat 
Pipeline 

Proposed 
Action with 
Milienlion 

Pipeline I 
Thahab ( N O  Flod I Same as Proposed Action I Same as Proposed I 

Same as No- 
Action Alternative 

Inflows (80 L/s) 

No F l o d  in upstream 
1.5 km 

Same as No- 
Action Alternative 

Notes: ' Flow passed at Thahab won't exceed KAC irrigation requiremen1 unlw sigd~cant 
runon from rainfall is occurring. There may be periods of no flow, however, s e t t l i  
basin overflow (1CKZO L/s) may be released when there is no KAC requirement, but 
there is a requirement for ZC I and ZC 11. * Settling basin overflow (1CK20 L/s) may be released nearly eontinuoudy d e n  pipeline 
headworks is operating properly. 
Spring flow increases from 0 to greater than 1M L/s between 1.5 and 2 5  km 
downstream from Hwarer Weir. 

(0-20 L/s) - Saline Inflows 
increase downstream' 

20 L/s in upstream 1.5 km - Same as Proposed 
Saline Inflows increase Action 
downstream 

Pipeline l(0-20 L/s) 1 Action I 



4.43 Operation ENects on Water Quality (Table 4-3) 

The Proposed Action would diven slightly brackish (average EC 1.9 dS/m or about 1.3 %o 

salinity), renovated municipal and industrial water intended for irrigation use around an area 

receiving saline spring inflows of with an EC of 7-9 dS/m. The renovated water is very 

eutrophic, that is, it is highly enriched wi~h nutrients (NO, and NH,) and Biological Oxygen 

Demand (BOD) is excessive, thus crealing potential problems wilh mainlenance of oxygen for 

aquatic life. The saline springs have low nutrients and BOD. The Proposed Action will 

remove renovated water from the stream channel creating conditions much more favorable 

for aquatic life in the lower 3.2 km of the segment below Hwarat Weir than under the No- 

Action Alternative. The EC in the area of saline springs will increase to moderately brackish 

levels; however, this is not as limiting of aquatic fauna diversity and productivity as is 

consumption of oxygen by high BOD. Low flows in the stream segment upstream of the 

saline springs will not differ in quality from the No-Action a11ern;ltive h u ~  periods of zero 

flow will probibly occur, thus rendering the area unsuitable for many aquatic fiiuna. The 

Proposed Action with recommended mitigation will result in continuing polluted fonditions in 

the stream segment above the saline springs; however, periodic dessication will be reduced. 

Dilution of nutrients and BOD present in the minimum flow relram by the saline spring 

water will result in conditions not appreciably different from those that would occur with 

saline inflows alone. 

The Hwaret canal-pipeline feasible altern;~tive would have effects on water quality equivalent 

to those resulting from implementation of the Proposed Action. The Thahah pipeline 

allernntive would divert renovated water around an additional 5.2 km of stream channel. 

which would be expected to receive low flows and experience periodic dessication. 



Table 4-3. 
Effecls of allernalives on waler qualily of Zarqa River at siles downslream of Th8h.b Weir 

and in the K A C - s  

Noles: ' E C  values are in dS/m (=  mmhos/cm). Values represent the ' t y p k d  range in 
average monthly EC values for KTD over the period September 1990 - December 
1995. Eighty percent o f  the average monthly values are within this range. ' Chemical parameter values are i n  mg/L. Values are the range o f  seasonal 
(sumrner/winter) means9'. 

1 Due to lack o f  flow, water quality effects are not considered. I f  water is p u c n t .  
quality will be equivalent t o  that o f  No-Action Alternative. 

4 Levels o f  nutrients will likely increase with distance dowutream due to influences of 
irrigation returns and livestock use. 

Irrigation Suppon Projm for Aria and the Near Eas~ and Water and Emironnlent Revuch oml Sludy 
Centre. Univerriiy of Jordan. 1994. Irrigation management and water qualiiy in the Central Jwdan VDUy, uh ler  
c r w i n g  rearon. 

' Water and Environment Rcrcarch and Sludy Center - University of Jordan. IWS. Irrigation managemem & 
water qualiiy in the Central Jordan Valley (Baseline Sun~y).  Walcr Quality Improvement and Comervation 
Project. Repon 3114-95-3MS. 



4.4.4 Operalion EITecls on Aqualic Life, Vegetallon and M i p l o r y  and Residcnl Bird 

Habilal (Table 4-4) 

Aquatic life in the  Zarqa River is affected, at present (No-Action Alternative), by flow 

fluctuations, polluted water and salinity variations. This combination of factors limits the 

diversity and abundance of aquatic biota to  species that a r e  very tolerant of low oxygen, 

periodic dessication and salinity levels ranging from slightly to moderately brackish. T h e  high 

B O D  and nutrients content of the renovated water released at KTD is likely to  result in 

anoxic conditions on  a regular basis. Such conditions probably a r e  the  most limi~ing. T h e  

Proposed Action will reduce flows to  low levels (0-20 L/s) in the 1.5 km stream segment 

immediately downstream of Hwarat Weir. T h e  low flows may increase occurrence of anoxic 

conditions and dessication of the channel would occur frequently; thus. most aquatic biota 

would likely be extirpated. T h e  low flows would be enough to maintain an  area of emergent 

vegetation in the stream channel (primarily reeds) and support continued presence of a well 

developed community of tamarix and oleander ;it the channel margins. T h e  vegetated area 

will contract somewhat and the existing open water in the center of the channel will become 

overgrown. The vegetation changes will adversely affect birds that exploit open water in 

riverine areas, such a s  larger herons and kingfishers, while habitat for wading birds that 

prefer cover, such a s  bitterns, small herons and rails will be maintained. As  the vegetated 

a rea  contracts, there may also be some reduction of the quantity of cover and roosting 

habitat for songbirds. 8 

In the area affected by saline springs, mixing of low flows of polluted water with saline 

groundwater will result in much-improved levels of nutrients and BOD. There  will be a small 

reduction in salinity of the spring water (on the order  of 0.2-0.5 dS/m) when settling basin 

overflow is operating; however, salinity will be more stable than under present conditions. 

Because channelization of the streambed to avoid mixing irrigation water and spring water 

will no  longer be necessary, riparian and aquatic emergent vegetation, primarily halophytic 

i 
I 

species, will become established. T h e  area should support a g w t e r  diversity of aquatic life i 
I 

a s  conditions will be more stable and disruption of the streambed will no  longer oocur. i 
I Vegetation will probably be Limited in diversity by grazing livestock and by salinity. Oleander , 

and reeds a r e  likely to  be the most conspicuous plant species. Use  of this area by birds will 

increase a s  vegetation becomes established. Open water birds and songbirds a r e  most likely 

to  benefit. 



T a b l e  4-4. 
Elfecls of a l l emal lves  o n  fish, rvildlire a n d  hab i l a l  in  Z a r q a  River  

Al lemal ive  

No-Action 

invertebrates able to tolerate 
eutrophic wnditions and rapid 
fluctuations in flow and/or 
salinity 

Same as N m A a i m  

1 brackish conditions. 1 
I 

H w a n l  Same as Proposed Action 1 Samc as P r o y ~ s e d  Adion Same as Proporcd A c c h  

Thabab 
Piplime 

l lmhnb lo Hwarct: Unsuitable 
lor F& OK lor invertebrates 
able to tolerate eutrophic 
wnditions and lrequeot periods 
01 dessication during winter. 
Hwarcl lo  Mu Zclgban: Upper 
1.5 Lrm as lor Thahab to Hwaret 
segment. Lowcr 3.2 km OK lor 
f i h  and aquatic lile able to 
tolerate brackish wnditioru. 

I k h b  lo  2 2  tm b c l a  l h v b r b  lo  Abu 
Hmrcl: Modcrale riparian O p e n  Water birds - Fair, 
tamarix and oleander. Thick C m r  m t e r  birds 
Reeds in channel. - Fair. 
2 3  tm above Mu Zcigbrn: Soogbids - Gad, 
Brackish emergents 1 Shorebirds - Poor. 
(recovering) and parses in I Small Raptors - Fair 
channel with spar= riparian Lirrge Raptors - P m  

, oleandcr downslrearn. 

I 



With the mimimum flow release proposed as a mitigation measure, the Proposed Action 

would improve the stability of aquatic hahitat in the area upstream of the saline inflows. 

Water quality would not improve over the No-Action Alternative and thus would remain 

marginal. The minimum flow would maintain greater diversity of mid-channel emergent 

vegetation and, possibly, denser riparian vegetation than the Proposed Action without 

mitigation. Effects on the brackish water segment would be similar to the Proposed Action. 

The Hwarat canal-pipeline alternative would have the same effects as the Proposed Action. 

The Thahab pipeline alternative would affect ;in addition;tl 5.2 km of freshwater stream 

channel, compared to the Proposed Action. The effects on this area would be similar to 

those expected to occur in the 1.5 km reach upstream o f  the saline springs following 

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 Eflects on Human Uses ol Water in the Znrqa River and Irrigated 

Areas (Table 4-5) 

The Zarqa River in  the project area is used by pastoralists for grazing and watering livestock. 

by the local population for various types o f  washing and bathing and by farmers for irrigation. 

are supplied with irrigation water from taps on the Z C  1 pipeline. 

south side of the river hetween Thahab and A h  Zeighan 

from the river for irrigation purposes. AU farms along the 

Weir are supplied with water from Z C  I, Z C  I1 or the 

KAC. 

Use of the river by pastoralists w u r s  both upstream and downstream from A h  Zeighan 

Weir. The water quality for livestock is typically in the Very satisfactor)r range8 upstream 

from the saline inflows (when there is flow below Thahab Weir) and, depending on the flow 

past Thahab Weir, may be in the Very satisfactory" or "satisfactory' range above Abu 

Zeighan Weir. Below Abu Zeighan Weir, water quality lor pastoral use is in the 

'satisfactory' or 'limited use' range, depending on the exact EC o f  the saline spring inflows 

a Ayers, R. S. and D. W. Weumt. 1985. Water Quality for Agriculture FA0 Irrigation and Dninagc Pnpu 
No. 29, Rev. 1. United Nations Food and Agricullure Organnation, Rome. 
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Table 4-5. 
Efltcts un human uses of the Zarqa River and in the artas lrrigattd rmm the KAC-s 

m 

Thahab lo H w a n l  

Past~lLsLs: 'Vcry Rwrriaioo - 1Ws 

Rcwriction - lWs 

Plstcndislr: 'Very 

slomilsts: 1.5 km - 

.2 km - 'Satisfaetorf 
r 'limited Use' 

Satisfactorf (Frequent 



(the likely E C  is 8 2 1  dS/m which lies at the boundary between the two quality ranges). 

Coliform bacteria levels in the water in the main channel make it  of limited suitability for 

human contact uses. Use of water from the river for hathing urcurs n t  two large thermal 

springs (Man Spring and Woman Spring). Thus. hathers ;ire not subject to contact with 

bacteria-contaminated water at the bathing sites. Use of  the water for washing clothes. 

livestock, agricultural vehicles and equipment and gravel washing occurs both upstream and 

downstream from Abu Zeighan Weir, thus the salinity does not appear to be great enough to  

restrict those uses. 

The Proposed Action would aff two farms t draw water directly from the river channel 0 
for irrigation. The flow requirement for those farms is small compared to river flow and 

would likely be more than satisfied by the settling basin overflow; however, without a 7 
[ 

minimum flow requirement there would be periods of -- no llow when- t be 

a-ished. The Proposed Action would also affect livestock use in the 1.5 km segment 

above the saline springs. The loss of flow would be periodic and pastoralists would be 

required to move flocks 1.5 krn downstream to obtain water from the river channel. The \ ' 
'i quality of water would be in the 'satisfactory' to 'limited use' range, as discussed above. The 

I 
1.5 km segment would also be unavailable for washing; however, river water for washing 

would be no more than 0.8 km from existing dwellings. Provision of a 20 L/s continuous , ) 
minimum flow (Proposed Action with mitigation) would be sufficient to meet all use - 
requirements in the 1.5 km segment. ~-d 
Effects of the Hwarat canal-pipeline alternative are equivalent to those of the proposed 

action. The Thahab pipeline would affect an  additional 5.2 km of river channel. This would 

affect one additional farm and make access to water for livestock and washing (when there is 

no  flow from the settling basin) more difficult. 

4.5 ALTERNATIVES ELIMINATED FROM CONSIDERATION 

45.1 Construction of a Pipeline from KTD to Abu Zcighan Canal 

This alternative was developed before it was determined that any conveyance losses and 

water quality degradation were occurring only in the lower reach of the river from Hwarat 

Weir to Abu Zeighan Canal. The benefits derived from this al~ernative could be obtained at 



significantly less cost by construction of a pipeline diversion around the reach of the river 

where water quality degradation and losses occur; therefore, this alternalive was eliminated 

from consideration. 

4 5 2  Improving the River Bed 

This alternative originally considered use of a constructed channel (canal) in the river 

channel or membrane liner for the river bed to reduce seepage losses. Construction of a 

canal was considered ineffective because of the 38 m drop in head between Hwarat and Abu 

Zeighan Weirs would necessitate construction of a number of drop structures that would 

raise the cost of the canal to a level equivalent to a closed conduit. In addition. leakage at 

expansion joints would Likely aUow intrusion of saline flows into the canal. thus reducing its 

effectiveness at maintaining water quality. 

A membrane was considered ineffective because it would be subject to cracking or ripping 

that would allow losses or intrusion of saline water. In addition, k u s e  the saline springs 

are flowing, the impervious barrier might only force springs to discharge upbank or in 

another location that might eventually allow saline water to return to the river. Thus 

performance of this measure could not be guaranteed. 

J 

4 5 3  Use of a Deep CutoR Wall 

This alternative was conceived to intercept llow travelling downstream in the gravel and 

alluvium of the river channel and return it to the surface. This option would potenliaUy be 

effective in situations where the flow directed to the surface could be diverted for use. 

Because the only area considered to have potential loses to the streambed is in the area of 

saline inflows, this alternative would only increase the volume of saline water, thus proving 

ineffective for improving water quality. In upstream areas, where losses do not appear to be 

appreciable, construction of such a structure would increase cost without guaranteeing 

improved performance. 

45.4 Preventing Saline Spring and Seep Water m m  Entering the Channel 

This alternative was conceived when the nature and extent of springs and seeps in the 

channel was not completely understood. The sources of saline water are llowing, thus any 



structural confinement may simply lead to a shift in the location of inflows as a result of 

pressure build-up. Given that saline inflows occur throughout the reach between Hwarat 

Weir and Abu Zeighan Canal, features constructed to intercept and convey saline flows 

downstream past Abu Zeighan Weir are  likely to be ineffective. 

4 5 5  Power Generation Alternative 

This alternative involved incorporation of a generation facility and re-regulation reservoir at 

Abu Zeighan Weir into the scheme. The most economically attractive facility would have a 

pipeline from Thahab Weir and operate in a peaking mode. coordinated with peaking at 

KTD. This alternative was dropped from consideration during the conceptual stage. 

primarily because the generation potential and economic return was considered low relative 

to the cost. In addition, peaking operations would have detrimental effects on natural 

resources in the entire channel between KTD and Thahab Weir as well as diversion effects 

on the resources below Thahab Weir. 

This alternative would involve using the existing Z C  I1 pipeline for conveyance from Thahrb 

Weir to a point approximately 2.0 km from Ahu Zeighan Weir (about 50 m downstream of 

the existing branch for a small pumping station serving the Abu Zeighan village area), and 

construction of a new pipeline from the bilurci~tion point to Abu Zeighan Weir. The 

increased volume conveyed through Z C  I I  under this i~lternative would result in large head 

losses and water velocities in the p i p  at near-maximum levels for safe operation. To  make 

up for head losses that might harm existing Z C  I I  consumers, a h s t e r  pumping station 

would have 10 be added downstream of the hifurwtion. Additional dewnding facilities would 

be required at Thahab Weir to accomodate the additional volume and to protect the lining of 

the existing cement-lined pipe. Implemen~;~tion of this alternative would require more time 

than other alternatives that were retained for consideration. This alternative also involves a 

potential disruption of service to much of the area served by Z C  I1 during construction and 

during any extended outage of the pumping station. The alternative involving a new pipeline 

from Thahab wei r  to Abu Zeighan Weir, dekribed in Section 4.3.2, has fewer potential risks 

of service disruption and greater flexibility i f  future opcri~tion requires conveyance of greater 

volumes; therefore, the Z C  11 Off-take alternative was rejected and Thahab to Abu Zeighan 

pipeline was retained for consideration. 



5. AFFECTED ENVIRONMENT 

During the scoping process the following general areas were determined to be pent ia l ly  

subject to direct environmental effects of the project: 

7he Zarqa River channel from the point of the Ilow diversion (at Thahab w Hwarat 

Weir) downstream to Abu Zeighan Weir, 

Areas in and adjacent to the pipeline (or canal) corridor in the Zarqa River valley area 

from mahab or Hwarat Weir to Abu Zeighan Weir, 

7he Zarqa River channel downstream of Abu Zeighan Weir and areas adjacent to the 

channel, and 

Areas irrigated from the KAC-s below the intersection of the Abu Zeighan Canal with 

the KAC. This includes an area of 36,915 du designated by JVA as the 'I8 km 

Extension Project' (Figure 4-1). which includes irrigation development areas (DA's) 26. 

27 and 28. Also included in the irrigated area are parts of DA  30 and parts of DA  25 

that are served by Pump Station 78. 

I n  addition, the project will have indirect effects on an irrigated area known as the '14.5 km 

Extension Project,' which is south of the 18 krn Extension. 7he 59,750 du 14.5 km Extension 

(Figure 4-1) is presently being developed to store excess flows from the KAC-s and side 

wadis at Karameh Dam during the winter months and pump back the stored water during 

late winter and spring to maintain irrigation. 

5.1 ENVIRONMENTAL SElTING 

The Zarqa River is a major tributary of the Jordan River that originates in the central part 

of Jordan at an elevation of about 1,600 m above mean sea level and joins the Jordan River 

at an elevation of about 300 m below mean sea level. 7he Zarqa drains the eastern 

escarpment of the Jordan River Valley and the edge of the elevated plains and deserts of the 



Arabian and Syrian plateaus. The elevation of the escarpment varies around 700 m while the 

valley ranges from -200 to -400 m. The area of the drainage basin is approximately 

3,540 krn'. 

5.12 Climate and Precipitation 

The general climate of the Zarqa River basin is a transition between Mediterranean and arid 

climate. Altitude and latitude are the effective factors controlling weather. Average daily 

maximum and minimum temperatures are 4% and 572, respectively. There is a rapid 

decrease in relative humidity and precipitation moving east of the Jordanian Highlands. In 

winter, northeast winds bring continental polar air from the interior of Asia and make the 

Jordan Valley cool for its latitude. The mean temperature of the plateau of Amman during 

January is about 8'C compared to about 14% in the Valley. Ground frosts mcur frequently 

on the plateau during winter nights but are unusual in the Jordan Valley. 

A seasonal low pressure trough over the Arabian Gulf, Iraq, Syria and Cyprus during summer 

causes westerly winds to enter Jordan from the Mediterranean. Fall is associated with a 

change in the pressure system as the seasonal trough extending from Cyprus to Iraq begins to 

migrate southeast. Mediterranean depressions start developing with continental air from the 

Asiatic Steppes and warmer, moist air from the Mediterranean causing a decrease in 

temperature and the onset of seasonal frontal rains. 

Annual precipitation is highest in 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 basin is about 235 mm. Average annual rainfall in the Valley is about 200 mm 

or less while precipitation in the higher elevations at the edge of the escarpment is on the 

order of 300-400 mm. 

5.13 Surface Water Hydrology 

The Zarqa River is the second largest of the Jordan River tributaries. The base flow yield 

for the Zarqa Basin has been estimated at 46 million cubic meters per year (MmJ/~r ) ,  flood - 



flows contribute an additional 46 Mm3lyr9. The average annual flow is on the order of - 
2.9 m3/s. Water is abstracted from the upper basin for municipal and industrial use in - 
Amman and other urban areas. Water is also abstracted for irrigation in the uplands. 

Municipal and industrial return flows are stored at K T D  to support irrigation in the Jordan 

Valley. Harzalo estimated that the average annual flow entering the reservoir is 2.3 m'/s. - 
About half of the flow entering the reservoir is  derived from municipal and industrial return - 
flows, primarily from the Khubet as Samra treatment plant, which serves Amman. 

Flows in the Zarqa River at the site are controlled by the KTD, which is operated to provide 

water in  support o f  irrigated agriculture in  the central and southern Jordan Valley. 

Operation o f  the K T D  to satisfy irrigation demands has resulted in  profound changes in  the 

annual hydrograph. Under present conditions, flows in the h r q a  River below K T D  are 

typically low during the winter months and high during the summer and early fall. 

The "natural' hydrograph would typically have annual maximum flows occurring during the 

winter and annual minimum flows during summer and early fall. Presently (under the nc- 

action alternative), flows of up to 2.8 m3/s (maximum combined flow for ZC's I and 11) are 

diverted from the Zarqa at Thahab Weir. Flow in excess of the irrigation requirement for 

ZC's I and 11 is passed at 'Ihahab Weir and continues downstream approximately 9.9 km to 

Abu Zeighan Weir where it is diverted, via Abu Zeighan Canal, to the KAC. 'Ihe present 

diversion affects the Zarqa River between Thahab Weir and the Jordan River (a distance o f  

approximately 27 km). Because water i s  released from K T D  to support irrigation, flows in 

the Zarqa River rarely exceed the quantity required for the irrigation diversions at Thahab 

and Abu Zeighan Weirs. 'Ihus, the present situation involves diversion o f  virtually all flows - - -- ---- 

released at K T D  from the 17 km river segment lx low Abu Zeighan Weir. 

The river segment from Hwarat Weir to Abu Zeighan Weir is affected by year-round spring 

inflows, some o f  geothermal origin. The mixed inflow from springs in  this segment has a 

relatively high salinity (approximately 7-9 dS/n~). Appreciable inflows begin to orrur 

approximately 1.3 km below Hwarat Weir. Total flow accumulation at Abu Zeighan Weir is 

Miniury of M u ~ a p a l ,  Rural ANairs and ihe Environmcnl. 1991. National Environmenl ERIW lor J o r h .  
IUCN - Ihe World C o n v W i o n  U ~ o n .  Gland 231 pp. 

'' H a m  Engineering and C o w l i d a ~ c d  Conwtlants. 1996. h r q a  River C o m q a n a  Eu*, Phau A 
Conceptual Eudy. Pan 3 - Seleaion 01 Preferred Allernalive. 



150-300 L/s from springs in  the segment below Hwarat Weir. Due to their highly saline 

nature, the springs adversely affect water quality in the KAC during periods when flow below 

the Thabab Weir is relatively low. 

JVA has channelized the streambed, dividing i t  into two sep;lr;l!e channels, for a distance of 

approximately 2.4 km above Abu Zeighan Weir. This measure partially separates saline 

spring inflows from the fresh water flowing downstream of KTD. Upstream of the 

channelized area, the sources of saline inflow are too widely dispersed over the width and 

length of the channel to separate them from the freshwater flow. Thus, the main channel 

carries a mixed saline and freshwater flow to the entrance o f  the Abu Zeighan Canal. The 

secondary channel diverts approximately 2540% of the saline inflow (about 80 L/s) over the - 
Abu Zeighan Weir to continue downstream. 

Channelization o f  the river above Abu Zeighan Weir was done in response to prddems with 

salinity in K A C  that occurred during 1993 and 1994. Prior to channelization all flow was 

diverted to K A C  at Abu Zeighan Weir. The No-Action Alternatives assumes that 

channelization would continue, thus a release of approximately 80 L / s  o f  saline water 

immediately below Abu Zeighan Weir would bt: continued in  the future. 

Likelv Future Chanees 

Water supply in  Amman exploits a number o f  sources outside o f  the Zarqa Basin. I t  is Likely 

that additional sources will be developed over the next ten years. These sources will affect 

the quantity and quality o f  municipal and industrial return flows reaching the Zarqa River. 

These sources may result in an improvement of the quality o f  water available for irrigation; 

however, other factors are likely to offset gains in quality and quantity of return water. 

Several sources o f  groundwater serving Amman are overexploited at present and, 

consequently, the quality o f  water from those sources i s  deteriorating. I n  addition, increased 

return flows offer an opportunity for increasing the area o f  land under irrigation in the 

uplands. JVA has indicated that as additional return flows bemme available, up to 2 m'/s 

will be diverted to irrigation projects in  the uplands. Return flows also will be allocated to 

the 14.5 km Extension Project. A t  present, i t  appears that the quality of renovated water will 

remain relatively unchanged while total volume will increax. 



One of the sources that will be developed for municipal-industrial use in  Amman is the 

Yarmouk River. Thus, the volume of water reaching the KAC-s from the KAC-n may 

decrease in  the future. The recently completed peace treaty with Israel increases the amount 

o f  Yarmouk water potentially available to Jordan by about 140 Mm3/yr. Demand projections 

developed by Harza Group1' indicate that, even considering the peace treaty water rights, the 

water supply shortfall for all uses in  Jordan will be 429 Mrn3Iyr by the year 2000. Thus. it is 

unlikely that the supply of Yarmouk water for irrigation will increase. There may be an 

increase in supply during the first year or two of the project; however, that will rapidly be lost 

and only those (flood) flows in  excess of the capacity of municipal-industrial diversion 

facilities are are Likely to be available during winter months in the future. Such flows will be 

stored in a series of dams in the Jordan Valley and used to support irrigation along the 

KAC-n; however, renovated water from the Zarqa River is likely to become more important 

as a source of irrigation in  the future. 

5.1.4 Groundwater 

The aquifer system in North-Central Jordan is classified into two main systems, the Lower 

Aquifer System and the Upper Aquifer System. The Upper Aquifer System is not 

represented in the project area. The Lower System is primarily composed of the Kurnub 

Group of Early Cretaceous sandstones interwli~ted with shale, limestone, dolomite and marl 

and the Zarqa Group of Triassic-Jurassic Rocks. The Zarqa Group i s  subdivided into the 

Main 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 in  the highlands, through the Upper Aquifer System. Because of 

the topography, there is a groundwater divide in  the recharge area. Water that flows west 

appears as good quality water in  springs, seeps and haseflow from the Upper Aquifer System 

(Kurnub Formation). Most of the water flows eastward in the Upper Aquifer Complex and 

infitrates downward. When water fmally reaches the Lower Aquifer Complex, i t reverses 

direction and flows westward to be encountered in wells (flowing or nonflowing) or emerge as 

springs with thermal brackish water in  the Jordan Valley. The water quality of wells and 

I' Harm Croup. 1995. The Waler Convyancr Syrlem from D~st.Mudsrura lo  Amman, Dran Cunqnual 
Sludy Repon. Vol. 3, Formulation and Developmcnl o l  Syslem Componmlr. 
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springs in  the project area (Table 5-1) provides an indication o f  general groundwater quality 

i n  the project areau. 

Tabk 5-1. 

Results of chemical analyses uf selected parameters frum variws 

gmundwater suurces" In Ihe prujecl a r a .  

5.2 WATER QUALITY 

Due to its partial origin as municipal and industrial return flows from the Khribel As-Samra 

wastewater treatment plant, water Llowing downstream of  KTD is enriched with nutrients and 

has a relalively high Biological Oxygen Demand (BOD,). Waler quality data collected during 

1993" and 1 9 9 4 ~  allow a comparison between the quality of water in the KAC near Sawalha. 

which is represenlalive of water quality in  the rrl;~tivrly unpolluted Yarmouk River, and the 

la H a n a  @n&ineering and ConrolidnIed Consullvn~r 1996. Zarqa RNcr Convcyanc~ Eu*, Phnv A 
Conccpual Slu*, Pan 3 - Scleaion of Preferred Allernalive. 

I' H a n a  @n@neering and Conrolidared Consul~an~s. 19%. h r q a  R ~ e r  Conveyance Qu*. Phase A - 
Conceptual Qu*, Pan 3 - Scleaion 01 Prelcned Allernalive. 

I' Irrigalion Suppon Rojea for Asia and lhe Near Eaw and Waler and Environmenl Rau rch  and Lu* 
Cenlre, UniversiIy 01 Jordan. 19%. lrrigalion managernun1 and walcr qualily in the Cenlnl Jordan Valley. winter 
cropping season. 

'' Waler and Enwonmenl Rau rch  and Study Ccnler - U n ~ f r v l y  01 Jordan IWS lrngalion managernenl & 
water quallry in the Central Jordan Val ly (Barllnc Survcy) Walcr Oual~ly lmprwcrncn~ and Conruvd18on 
Prulcc~, Hcpur~ 31 14-')5-3M)S 



quality of water from the Zarqa River at Thahab Weir (Table 5-2). The average 

concentration o f  ammonia nitrogen (NH4 ) was 6-8 mg/L at Thahab Weir vs. 0.1-0.3 mg/L in 

the KAC-n; average ni~rale nitrogen (N03) was 32-57 mg/L in the Zarqa and 11-15 mg/L in 

Tab le  5-2. 
Results d water qluUty analyses (mean and range) lor selected p l r w t e r s  

In Zsqa River  and King A b d u l h h  Canal l o r  1993" and 1994" 

" Irrigation Suppan Projm lor Asia and ihe Near Eart and Walcr and Envuonment R a u r . 3 1  and Lu&y 
Centre. URiversiry 01 Jordan. 19%. lrrigalion managcmcnt and walcr qual iq  in che Ccn~ral Jordan Valley, winter 
cropping season. 

" Waler and Envi ro~lent  R w c h  and Lu&y Center - URivcrrily of Jordan. 1995. lrrigalion managemen1 B 
water quality in the Central Jordan Valley (Baseline Suwey). Water Oualiry lmprmemen~ and Conwrvdlion 
Projm. Repon 311495-3b-05. 



the KAC-n, and average BODS was 20-28 mg/L in the Zarqa and 6-17 mg/L in the KAC-n. 

Total coliform bacteria counts were similar in the Zarqa at Thahab Weir and in the KAC 

near Sawalha. 

Enriched water released at KTD is subjected to aeration in the 13 km segment between KTD 

and Thahab Weir. Additional aeration of water intended for KAC ~ u r j  in the 9.9 km 

between Thahab Weir and Abu Zeighan Weir. The water qualiiy benefit of additional 

aeration between Thahab and Abu Zeighan Weirs appears to be relatively small. The 

reduction in average BOD, was 0-14 mg/L (040%) between Thahab and Abu Zeighan Wein 

during 1993-1994. Biological activity and spring inflows (dilution) may further a f f m  nutrient 

levels. Ammonia was reduced by 3-7 mg/L (50-75%); however, nitrate decreased hy ? mg/L 

(4%) in winter, but increased by up to 6 mg/L (19%) in summer. Fecal coliform bacteria 

levels typically increased between Thahab and Abu Zeighan Weirs, possibly due to use of the 

stream channel for grazing while total coliform bacteria levels typically decreased. 

5.3 VEGETATION 

The fauna and flora of this area described here lays in the Deir Alla region with an average 

rainfall ranging from 150-300 mm/yr. It lies in the Arid Mediterranean and Saharan 

Mediterranean bioclimate zones. The soil type is mainly sandstone and granite with 

limestone and lissan marls. The vegetation types found locally derive from both Iran* 

Turanean and Mediterranean biogeographic rcozones. These biogeographic zones are  

divided to several sub-biogeographic ecotypes such as Steppe vegetation, saline (halophytic) 

vegetation and evergreen oak forests. 

Plants typical of the steppe vegetation around the Zarqa River include the following: 

Ziziphw lofw ~ir fu& ntht~ticn re tat^ m c f m  

Tamark s p p  @herrim) AnabaEir syriacu Hcznw~hyyl  

SaLrola spp Cappnrir deciduo Anemisia he&- 

alba 

Noea ~ ~ I U ~ O M I U  Asphodelus rnicmwpus Ureginio nmdimh 

Femla cornrnunir Gypsophila ambica Asmgrrlur spinosa 

crocw s p p  



Plants of the evergreen oak forest on the slopes of the mountains and in the areas around 

King Tala l  Dam include the following: 

l h . s  
Quequs calliphus Cemronia seliquu A~~IURLT ondmchue 

Shrubs 

Cmtaegus nurrolus Anlyg&1111s spp. Rhamnus p k c i n u c  

Olea europea Cal)cotonte villosa Cisnu v i lhus 

Rubia olivien Aspamgu aphyllus 

Herbaceous Bushes 

Dac~yIis glomemra Anemone CO~QMM Poa bulbaro 

Adonis p l a e s t i ~  Orcllis u ~ t o l i c u  Euphorbia 

h i e m s o ~ a n a  

Solvia spp Alcea spp T u l i p  spp. 

The saline (Halophitic) vegetation found in the river channel and along the banks of the 

Zarqa down to King Abdullah Canal and the Jordan River include the following: 

JU~ICIIS linomlk Tatt~arir spp L ~ i u m  spp 

N i r m ~  rerusia Lin~ottiuttl mryeri Suadea spp 

Sonchus manrimus Fmnkenia pulverules 

Other plant species that typically a r u r  in wet areas of the Zarqa River channel include: 

Phmgmite. communir m'ha SPP Neruim olc~ndrr 

5.4 WILDLIFE 

Information on wildlife and aquatic resources of the area is limited to observations and 

professional judgement of local experts. The Zarqa River channel in the project area has a 

history of disturbance and degraded water quality; therefore, i t  is not recognized as a quality 

resource. However, the project area is in the Dead Sea Rift Valley flyway, thus potential use 

of riparian habitat by migrating birds is a major interest. The Jordan Valley i s  described in 



"Important Bird Areas in the Middle East"' as "A major migration route and a notable 

wetland site.' 

5.4.1 WUdUfe Habitat 

Along the Zarqa River channel, dense riparian vegetation provides cover, water is available 

and human disturbance is  reduced. This type of hahitilt is  relatively rare in Jordan and i ts  

distribution is being reduced by expanding agricultural program and water diversions 

supporting irrigation and municipal and industrial demands. The vegetation in the area that 

will be affected by project operation reflects existing conditions. There is  a clear zonation o f  

plant types ranging from those requiring nearly permanently saturation to those tolerant of 

prolonged dry conditions. 

The channel in  the T i t  2.3 km downstream of Thahab Weir is  more often subject to 

dessication than areas further downstream. In  this area ole:~nder and tam;~rix are the 

dominant vegetation with scattered patches o f  common reed. At the point where the 

overflow from the settling basin for the ZC I and ZC 11 headworks enters the river, emergent 

aquatic vegetation such as reeds, rushes and sedges begins to appear along the edges of the 

low flow channel. Oleander and tamarix are present i n  areas away from the low flow 

channel, which may be dry for prolonged periods but that occasionally experience flooding. 

Acacias occur along the tops of the banks in much o f  the area. 

The channel area downstream of Hwarat Weir has a narrow band of emergent sedges and 

cattails along the sides o f  the channel. There are scattered clumps of common reed at the 

bankside margins o f  this area. In  the high flow channel, oleander dominates with tamarix 

slightly higher along the bank. Acacias occur at the tops of the banks. Some of ihe plant 

species, such as oleander, are highly tolerant o f  brackish conditions. 

I n  the brackish area, the emergent vegetation i s  less conspicuous. Rushes predominate and 

oleander occurs in thickets along the banks in places. Tamarix is present along the banks. 

The brackish channel is more sparsely vegetated than freshwater areas upstream; however, 

Livestock use of this area appean to be more common than upstream as i t  is claser to the 

" Evans, M. 1. 1994. Birdlife Convrvalion Series No. 2, lmponanl Bird Areas 01 lhc Middle Eau. Birdlife 
Inlernarional, Cambridge, UK 



village of Abu Zeighan. Grazing pressure m;ly :Iccount for the apparent decretlse in density 

of vegetation. 

The vegetated area affected by brackish springs is approximately 1.0 km in length. The 

2.4 km of stream channel above Abu Zeighan Weir have been modified using a bulldozer lo 

create two channels separated from each other by a low berm. One channel is used to 

intercept and separate some of the saline spring inflow from the flow from upstream and 

divert the intercepted saline flow over Abu Zeighan Weir. The channelization has destroyed 

much of the natural herbaceous and shrub vegetation in the channel and along the banks. 

Mature trees growing along the banks and =altered clumps of oleander are the only 

remaining vegetation. The streambed exposed by the channelization is largely gavel and 

cobhle-sized rocks. Grasses and other herh;tceous pl;~nts grow along the banks and on the 

berm. This area is adjacent to Abu Zeighan village, and is frequently used by livestock. 

Downstream of Abu Zeighan Weir the channel shows the effecls of the long periods of 
/ 

dessication associated with over 10 years of flow diversion from the Zarqa River channel to 

Abu Zeighan Canal at Abu Zeighan Weir. Wildlife habitat is mar &Flow presently being 

diverted over Abu Zeighan Weir (estimated at 80 L/s) is contained in a narrow (2 m-wide). 

low-flow channel. The normal high-[low channel is approximately 30-60 m wide. The high 

flow channel is open and grassy with sparsely scattered oleander along the banks. The area 

along the river from Abu Zeighan downstream to the Yarmouk-Dead Sea Road crossing near 

Arda is densely populated. The floodplain is used for agriculture where soils are suitable and 

is open "waste land' in some areas considered unsuitable for agriculture. In the downaream 

areas of agricultural and waste lands, human disturbance may be low enough to allow 

wcasional use of the area by waterfowl, witding hirds and shorebirds. 
f 

Wildlife habitat, particularly for buds, along the river channel in the freshwater zone between 

Thahab Weir and 1.3 krn downstream of Hwarat Weir is diverse with a variety of plant 

growth forms providing cover, foraging area, possible nesting sites and roosting opportunities 

for a variety of migrating and resident bird species. The river channel itself provides 

potential foraging habitat for wading birds and kingfishers. several species of which were 

observed in the area during January 1996. The river also acts as a key water source for 

mammals and amphibians. 



5.42 Birds 

The Rift Valley is a major migratory flyway for Europen and Eurasian bud species that 

winter in Africa. The vegetated wadis along the margins of the Rift Valley provide resting 

and foraging habitat for migrants passing through the Jordan Valley. The  wetlands of the 

Zarqa River have historically attracted a wide variety of migrant birdst9. Although migratory 

birds use such areas opportunistically, riparian wetlands along the margin of the Jordan 

Valley are decreasing due to agricultural development. Vegetated riparian areas, such as 

those found in the project area, are also important habitat for many seasonal and year-round 

resident species. Birds use the riparian vegetation for cover, foraging and. for some species. 

nesting habitat. Kingfishers and herons feed directly on fish, crabs and amphibians. 

Diversity and density of plant species and the associated bird community may be adversely 

affected by loss o r  reduction of streamflow. Annex I presents a list of bird species likely to 

be found in or pass through the project area. 

5.43 I Mammals, Reptiles and Amphibians 

Due to overgrazing, agriculture and urban development in the watershed very little 

information is known about the fauna of this area. Human activities (hunting. agriculture. 

deforestation, diversion of surface waters for municipal, industrial and agricultural use) have 

caused the disappearance of many important animal species of the area, particularly larger 

mammals. The species Likely to be present in the area include those that are more more 

tolerant of human activities or less susceptible to hunting. The list of species that may occur 

in the Zarqa River Valley area from KTD to the Jordan Valley. including the valley slopes 

and hillsides, is presented in Annex 2. 

One of the reptile species Listed in Annex 2, the Mediterranean tortoise is considered 

endangerep.  This species is associated with the Mediterranean vegetation on the hillsides 

l9 Anderson, I .  J. 1995. 7 h e  Birdc of the Hashemite Kingdom uf Jurdvl. &In. & Harru Lid. Scotland 185 
PP. 

M i ~ w r y  01 Municipal, Rural Allain and the @nvironmunr. I Y ) I  National Envirunment Y a w  lw Jcvdan 
IUCN - lhc World Conservalion Union, Gland. 231 pp. 



and at higher elevations in the drainage basin and is not expected to occur in the area below 

Thahab Weir. 

5.4.4 Aquatic Fauna 

7he aquatic animal community present in the river between Thahab Weir and Abu Zeighan 

Weir may include amphibians (toads, frogs - see Annex 2), a freshwater crab. T i ,  aquatic 

insects, microcrustaceans, and algae. The number and diversity of larger aquatic forms, such 

as fish, is likely limited due to frequent disruptions of flow and eutrophic conditions. 

Observations of bird activity in the area (kingfishers and herons) indicates that T i  and/or 

amphibians are present. 7he presence of freshwater crab was also noted. It should be noted 

that nutrient-enriched water released from KTD may affect the density and types of 

vegetation and the aquatic community - reducing diversity somewhat and increasing densities 

of species adapted to eutrophic conditions. 

In the area affected by saline inflows, the diversity of the riparian vegetation and aquatic 

community are restricted to species tolerant of brackish conditions. 7he aquatic fauna aMe 

to tolerate the range of salinities that likely occurs in this area is diverse". Fish populations 

are likely severely limited by occasional, abrupt interruptions of flow and enriched amditions. 

There is little information concerning the aquatic invertebrates, but most probably such 

species a re  common to flowing wadis and saline springs throughout the Jordan Valley (Annex 

3). In this area, channelization of the s t rambed  has occurred, further disrupting the natural 

communities. The area of saline inflows is also subject to increased human pressure from 

livestock grazing on vegetation in and adjacent to the stream channel. 

5.5 HUMAN ENVIRONMENT 

55.1 Cultutml Rcfoums - Antiquities 

The proposed action and feasible alternatives will involve construction-related excavation in 

areas that have been previously disturbed by installation of ZC I and ZC 11 and l e  

abandoned ring construction of those water 

" Remane, A, and C. Schlieper. 1971. Biulyq of Brackish Waler. Job W i l q  & Sons, IN. NPI YO(t. 372 

PP. 
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conveyance projects. irecussions with the American Center of Oriental Research in P AmmanU have rev aled that an Early Bronze Age site, considered potentially highly 

significant on the basis of a preliminary excavation in 1994, is located on the hillside 

approximately 300-400 m east-southeast of Abu Zeighan Bridge. The site is a1 an elevation 

approximately 10-15 m above the riverbed. No other sites are known in the construction area 

of the Proposed Action. 

Irrigated agriculture is the main human activity in the area affected by the project. From 

Thahab Weu to about 0.8 km below Hwarat Weir agricultural activity is restricted largely to 

cultivation along a narrow floodplain terrace. Three small olive groves (approx. 5 du each) 

are located on moderate slopes above the floodplain terrace in this area. The area suitable 

for cultivation is generally restricted to one bank of the river, the river is cutting at the foot 

of steep slopes on the opposite bank and there is no room for cultivation. The Zarqa Carrier 

pipelines cross the river at three points between Thahab and Hwarat Weirs thus staying on 

the side with the broader floodplain terrace. Pressurized drip irrigation of most areas is 

supported by taps on the 2 C  I pipeline. The primary crops observed during January 1996 

were tomatoes and onions. One farm operation is believed to use a portable irrigation pump -- 
to draw irrigation water from the river. There is a plastic greenhouse operation ( s u  

greenhouse units) on the left bank of the river ahout 0.5 km downstream of Hwarat Weir. 

On 11 March 1996, a site visit was conducted by Mr. A. Abu Dayyeh. Project Manager. I 

From about 0.8 km below Hwarat Weir to Ahu Zeighan Weir. the river leaves the foothills 

and enters the Jordan Valley. The floodplain bemmes broader and gently sloping terraces 

are found along both banks. The areas under cultivation support tomatoes. onions and field 

Mming wth Pierre Bikai. Director. American Center of Onenlal Research. February 13. 1996 

Heritage Resources Project, Department of Antiquities. Mr. Dayyeh found no antiquities 

along the proposed alignment of the pipeline for the Proposed Action. The Department of 

Antiquities has stated that they have no objection to construction of the project, '...provided 

that the Contractor keep this department informed on any antiquities that may be found 

during construction. A copy of the letter from the Department of Antiquities is included in 

Attachment 1. 

J 
\ 



crops. Citrus orchards (10-20 du) are lowted to the north of the pipeline corridor and at the 

western foot of the hill on which 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 riverbank 

escarpment. Crops are  also grown on the hillside south of the river at Abu Zeighan village 

and about 1.5 km upstream of Abu Zeighan bridge. A pumping station adjacent to Abu 

Zeighan bridge, situated on a branch from Z C  11, pumps water to a reservoir above A h  

Zeighan village to support irrigation on the hillside. The hillside farms upstream of the 

bridge pump water from the river channel (two pumps are visible). 

7he Proposed Action and feasible alternatives will affect agricultural 

southern Jordan Valley. The area that will be directly affected by 

as the 18 km Extension Project, an area of approximately 38,000 du comprising JVA 
- I" 

Development Areas (DA's) 26, 27 and 28. Additional areas in the Mi d Jordan Valley S& - 
Project's DA 25, served by JVA Pump Station 78 (about 1.000 du).<nd DA 30 ( 2 a r q a  Zor' - 
4,258 du) also use water from the KAC-s. Areas that may be affected during mnstruaion 

4 gy 
include those served by Z C  1 (DA 29; approximately 10,000 du) and Z C  I1 (DA's 22, 23, 24, 2 4  a P  
and 25; approximately 42.000 du), in the centril Jordan Valley. Finally, the area known as 

the 14.5 km Extension Project will be indirectly affected by project operation. This area of 

59.750 du is presently being developed around the Karameh Dam project. When completed 

in 1997, Karameh Dam will store excess flow from the KAC-s during the winter months. 

This will include a substantial contribution of flows from KTD and the Zarqa River. This 

project will pump back stored water during the spring and summer months to support 

irrigation in the area south of the 18 km Extension Project. Almost all irrigated areas in the 

central and southern Jordan Valley have been converted from surfiice irrigation to 
\ - 
pressurized drip systems. Plastic greenhouses are  widely used for some crops. AU irrigation 

in the Valley will be converted to pressurized drip by 1997~. 

The 18 km Extension area presently comprises approximately 70% of the South Shuna 

(Shuna Janobia) statistical area. This area accounted for about 6.2 percent of the total area 

under cultivation in Jordan during 1W (Table 5-3). The Annual Agricullural Statistics for 

1994" indicate that 34,281 du were cultivated in South Shuna during 1994. This included 

15,242 du of fruit (including citrus, bananas, deciduous fruits, grapes, date-palm and olives). 

IJ Avedis Serpckian. N A  Operalion and Maintenance Dcpanmcnl P c ~ n a l  Communication 

Department of Staliuics, Hirshernite Kingdom of Jordan 1995 Annual Agnwllural Scnriaia 1%. 



5,522 du of field crops (primarily barley, wheat and maize). 12.366 du of autumn (or winter) 

vegetables (primarily eggplant, lettuce, squash, broad beans and cauliflower), and 1.151 du of 

summer vegetables (primarily melons, eggplant and tomatoes). Regarding the distribution of 

various crops, the southern section of the South Shuna area, the Hisban-Kafrein Projecl, has 

relatively high water quality and accounted for over !XI percent of the banana production in 

the area (9.508 du) while about 75 percent of the production of other fruits and 80 percent of 

the vegetable production is located in the I8 km Extensionn. 

Table 53. 

A m s  (du) under culilvailon In Jordan during 1994 lor varlous types d c m p s n  

SLPtisileal Area 

The area under cultivation in the southern Jordan Valley during 1094 (a relatively dry year) 

was approximately 60 percent of the total area available (summer vegetables excluded as they 

represent a "doublecropped' area). Data for 19w (a relatively wet year) indicate that 85% 

of the area was under cultivation. This illustrates annual variability in land utilization that 

appears to be driven by water availability. Areas not cropped are left fallow. 

zi N A .  Unpublished d.ls for water allolmcnl~ Mny and November 1W. 

Depsnment of Yarislia. Hashemire Kingdom of Jordan. 1995. Annual Agricultural LuiPio 1934. 

" DepPnmen~ of Starislia, the Hashemile Kingdom of Jordan. 1991. Annual Apicultural Yvinio 1990. 
Data reprodud in: A. 2 Y. Sslmnn. 1W. On the ewnomia of irrigation water u x  in the Jordan V a k y .  
Ph.D. Disscnaiion. University of Hohcnheim. 



Data for the central Jordan Valley indicate that 52 percent of the farms are owner-operated 

and the remainder are leased. Hued managers operate about 30 percent of the owner- 

operated l a m s  and 19 percent of the leased farmsm. Most lease arrangements involve 

payment of a flat rate per dunum of land. Share cropping is practiced on about 10 percent of 

the leased farms. Labor in the agricultural sector is largely provided by foreign laborers. 

Family labor was used on about 22 percent of the farmp. In the South Shuna area during 

1994, permanent agricultural labor comprised 435 non-Jordanians and 62 Jordanians, while 

occasional labor was provided by 3,974 non-JordaniansP. 

The Jordan VaUey contains relatively low numhers of livestock, predominantly sheep 

(116,000) and goats (40,000)31. Estimates of the number of livestock in the study area are not 

available; however, one small farm about 0.8 km from Hwarat Weir maintains a smaU herd of 

cows (5-10 head) and several large flocks of sheep and goats were observed in the vicinity of 

Abu Zeighan. Pastoralists make use of the river for grazing and watering livestock. The 

heaviest use occurs in the area affected by saline springs and downstream of Abu Zeighan 

Weir. There is considerable use of fallow fields, and crop stubble for grazing. 

553 Population 

The project area lies within the Balqa Governorate. The population of the Governorate in 

1994 was 273,489, of which 178,056 (65%) lived in urban areas (population of 5,000 or more). 

Deir AUa is the largest urban area in the vicinity of the project. Salt is the largest urban area 

in the Governorate. In general, the population in urban areas of Jordan has been increasing 

faster than that in rural areas due to both migration from rural areas and The Deu M a  

and South Shuna Districts, where the project is located , are largely rural with a population of 

" lrrigarion Suppan Projm for Asia and the Near Ean and Waler and Environment R d  Md Sludy 
Ccncrc, Unirsrairy ol J 0 r d . n .  1%. Irrigation msnegemenl and water qualily in the C e n l d  Jordan V-. d n  
cropping season. 

Irrigation Suppon Projsl lor Asia and rhc Near Em and Walcr and E n v i r o ~ ~ c n l  R d  Md Sludy 
Cenlre, Univeniry of Jordan. 1%. Irrigaion management and walcr qudiry in ihc Ccnlnl Jordan VsUy. *riruu 
cropping season. 

Depanmenr of Smrisio. Hashemite Kingdom of Jordan. 1995 Annual Agricullunl S l a ~ i s i a  1% 

I, Minisrry of Municipal, Rural Allairs and the Environment. 1991. National Environment Lrategy for Jordan. 
IUCN - the World Consewalion Union, Gland. 211 pp. 



72,482=. The population growth rate in the Balqa Governorate is projected at 3.46 percent 

for 1994-2000. The growth rate is expected to decline in the future; however. the population 

of the Governorate is expected to double by the year 2015. 

There is a large component of noneJordanians in the population of agricultural areas. About 

314 of the non-Jordanian farm workers are  from other Arab countries. particularly Egypt. 

Wages for farm laborers in Jordan are  about three times higher than wages for similar work 

in Egypt3'. About 114 of the non-Jordanian agricultural labor is from India and other Asian 

countries. 

Approximately 20 percent of the population aged 15 or older is illiterateY. The 

unemployment rate in 1994 was about 8.6 percentu. This represents a decrease in 

unemployment compared to 1991, when the unemployment rate was 17.0 percentY. Nearly 

95 percent of aU homes have electrical service and % percent are  connected to the public 

water network. 

55.4 Publlc Health 

Water supply shortages are chronic during the summer months, with rationing in many areas 

of Jordan. This may lead to diseases associated with poor sanitation. During 199 ,  the Deu 

Alla Health District reported 1,438 cases of diarrhea (1.2% of cases na~ionwide)~ .  The 

national incidence of typhoid and paratyphoid in 1994 (a dry year) was higher than that for 

1988-1901 (157 cases). Amoebic diarrhea was reported in 517 cases. 

Dcpnnment of Statiuiq the Hnshemite Kingdom of Jordan. 1995. Slatistical YcarbacL 1994, Numbcr 45. 

Qlman. A. 2. Y. 1994. On the emnomi- of imgalion *rater use in the Jordan V*. Ph D DiPenuion 
University o l  Hohenheim. 

Y 
Department of SratPicr. the Hashemite Kingdom o l  Jordan. 1994. Demognphic arwq. Empbylnenr 

Suwcy 1993, Firs Phase. hailed RwIts. 

Depanment o l  Srati.uk, the Hnshemite Kingdom of Jordan. 1995. Demographic w w q ,  Emplqmcac 
Suwcy 1993, Sec~nd Phare. Detailed Resultr. 

Ministry of Planning, Hnshemite W d o m  of Jordan. 1992. Plan for Economic and S o d  Dnc lopcn t ,  
1993-1997. 

" Ministy of Health. 1994. Annual repon of the health muniroring depanmcnt. 



I 

Cases of disease associated with water-related vectors were relatively uncommon. Malaria 

I (246 cases) and biiharzia (1,788 cases) were mainly reported among visiting non-nationals. 

Mosquitos considered potential vectors of malaria are present in Jordan; however, control 

I 
programs and the scarcity of standing surface water for breeding have virtualfy eliminated the 

disease from the resident population. Bilharzia is not a serious problem because potential 

host populations o f  aquatic gastropods are very limited in distribution. 
I 



6. ENVIRONMENTAL CONSEQUENCES 

The Proposed Action involves construction of a 3.5 km long pipeline diversion around a 

4.7 km segment of the Zarqa River. The purpose of the pipeline is to avoid mixing of water 

intended for irrigation use with water from saline spring inflows. The downstream end of the 

pipeline will be located at a site (Abu Zeighan Weir) at which essentially aU flow in the 

Zarqa River channel is currently diverted from the river (except during flood periods). The 

project will affect the area in which the pipeline is constructed, the river segment around 

which the diversion occurs, a segment of the river downstream of the diversion and an area 

that is presently under irrigation. The Zarqa River segments affected by the project are 

presently affected by diversions, thus the project will involve changes in the river segment 

specific flow regimes associated with the current diversions. The project does involve 

development of additional lands for irrigation 

6.1 CONSTRUCTION EFFECTS 

Proposed Action I=\ 

approximately 3.7 km in length. The actual area required 

for construction will be about 10 m wide to allow for exci~vation, lay-down and backri 

storage. The pipeline will follow the abandoned canal for the lirst 0.5 km, which will result in 

disruption of cultivated land (vegetables) for about 0.1 km, the remaining land adjacent to the 

canal in the segment below Hwarat Weir was not under cultivation during winter 1995-96. 

Tomatoes were under cultivation within 20-40 m of the line in this area 

In the next 1.4 km, the pipeline crosses the river (a bridge will likely be requirecl), and 

follows the canal alignment. The pipeline alignment trilverses cultivated land (vegetables) for 

about 0.8 km of the 1.4 km. The pipeline passes within 1UU m oi one dwelling (and within 

20 m of one outbuilding housing cows) and 30 m of another dwelling along this segment. 
I 

Because the pipeline will replace the abandoned canal, the area of cultivated land disturbed 

by construction in this area will be reduced. At the end of this segment, the pipeline passes 

within about 30-50 m of a citrus grove. 



The pipeline diverges from the canal alignment and follows along the west side of an existing 

road to the edge of the river just west of the Abu Zeighiln Bridge. In the 0.7 km to the edge 

of the river, the pipeline traverses cultivated land (vrgeti~hles and field crops). 

After crossing the river (channel width is approximately 100 m), the pipeline foUows a farm 

road at the foot of the hill on which Abu Zeighan village is situated. The road is adjacent to 

vegetable fields for approximately 0.3 km and a citrus grove for 0.2 km. Four oocupied 

dwellings and a mosque are on the hillside ahove the f x m  road, within 100 m of the pipeline. 

For the final 0.4 km segment to Abu Zeighan Weir the pipeline would be in the floodplain at 

the foot of a 10-20 m escarpmenl. A citrus grove and vegetable fields are located at the top 

of the ewarpment within 100 m of the proposed pipeline route. The closest approach of the 

pipeline to the known Bronze Age antiquitirr site near Abu Zeigl~irn villi~ge is approximately 

0.5 km. 

The total area of cultivated land that potentially would be owupied during construction is I 
approximately 16.3 du that were under cultivation for vegetahles and field crops during winter 1 
1996 and up to 0.6 du of citrus grove. - 
Depending on the timing of pipeline construction, the ;trea of vegetahles and field crops may 

be realtively unaffected. Summer construction would :ivoid damage to seasonal crops. 

Adverse construction effects on the citrus grove will be .avoided or minimized by altering 

construction practice and conducting all laydown and temporary storage of excavated 

materials to areas at either end of the segment passing the grove. This would limit the 

impact area to the width of the trench adjacent to the rtx~d. Lou: of trees, production from 

which would require a number of years to replilce, c;ln proh~hly he ;ivoided. 

Construction will take place adjacent to existing paved roadways. Dust effects from 

construction traffic will be limited. Dust generated during excavation and backfding of the 

pipeline trench will have temporary effects on dwellings near the alignment. About six 

dwellings could be affected by dust. If construction occurs during the summer season (May- 

September), effects on crops will be minimal as no vegetahles will be under cultivation during 

that period. At present, construction has not heen scheduled. 



Operation of the pipeline will require very little land area. A n  area approximately 2 m in 

width, directly over the pipeline will be not be :~v:~ilable for cultivation. Although JVA 

discourages planting of crops directly over buried pipelines, this appears to be a common 

practice in  the project area. I n  some areas crops are planted over the buried existing 

pipelines (ZC I and Z C  11); however, where the existing pipeline alignments are adjacent to 

roads, the edges o f  planted fields are typically 3-5 m from the pipeline alignment. Assuming 

that no planting will occur over the buried line, approximi~tely 3.8 du of cultivated land will be 

removed from future production. The canal presently occupies 2.7 du of land in cultivated 

areas; therefore, the Proposed Action will involve removal o f  an additional 1 . 1  du from 

cultivation. 

6.12 Canal-Pipeline Combination - lR lUb / 

Construction effects o f  this alternative will be essentially the same as those described for the 

Proposed Action. The existing canal would be demolished and a new canal reconstructed 

along the original alignment for approximately 2.0 km. The new canal would terminate at a 

pipeline headworks. The pipeline would branch from the existing canal alignment and over 

the final 1.7 km follow the route described for the Proposed Action. The canal-pipeline 

alternative will require that more surface area be permanently removed from produclion than 

the pipeline described as the Proposed Action. Assuming that no planting will occur within 

one meter of the new, 2.0 m wide canal, approximately 5.6 du of cultivated land wil l  be 

excluded from future 2.7 du 

of land in  cultivated 

2.') du from production. 
d .  

Operation of the canal, rather than the proposed pipeline, may increase the potential for 

contamination of irrigation water from irrigation return flows or fertilizer and pesticide spills. 

The position o f  the canal adjacent to existing roads also brings about the opportunity for 

contamination from fuel spills of vehicle accidents. 

6.13 Pipeline from T b h a b  Weir to Abu Zeighan Canal - I R R l  

The the proposed pipeline will be approximi~tely 6.6 km in length. The actual area required 

for construction will be about 10 m wide to i~l low for rxcitvation, lay-down and backfill 

storage. The pipeline will parallel the alignment for the existing ZC I and Z C  II pipelines. 



In the first 0.2 km, installation of a new pipeline lrom the weir to the settling basin and 

expansion of the settling basin will be necessary. l 'he area around the basin has been 

stripped to the subsoil by previous construction and there is sufficient rmm to carry out the 

expansion within the disturbed area without ;~ffecting crops or natural vegetation. There is a 

small olive grove (young trees) on the hillside south of the settling basin, within about 50 m 

of the basin. 

There are approximately 0.1 km of cultivated areas (onions) near the pipeline alignment 

(which is along the right, or north, bank) for the next 0.6 km. A small olive grove (mature 

trees) with grape trellises along the roadside occurs on bo th  sides of the road for the 0.1 km. 

The section of grove on the north side of ihe'road continues for another 0.1 km. There is no 

cultivation for the nertt 0.1 km to the first stre:lm crossing. 

The pipeline crosses the river twice at a mei~nder in the ch:~nnel in the next 0.4 km. There 

was no cultivation along this segment of the pipeline alignment. Cultivation along the 

floodplain terrace on the left (south) bank is supported l>y i t  tap on the ZC I line between the 

two crossings. 

For the next 1.1 km the pipeline alignment is adjacent to the paved road. There are two 

cultivated areas (vegetables) alongside the road in this segment (0.6 km total). Cultivation 

(field crops and vegetables) also occurs on the opposite kink of the river, within 100 m of the 

alignment, for about 0.3 km along this segment. 

The pipeline branches off from the paved road and crosses the river, passes through a 

cultivated area (vegetables) and past sia plastic greenhouses for 1.0 km. Three dwellings are 

located on the hillside above the pipeline and within 100 m of the proposed alignment in this 

area. This segment ends at the edge of the river at the crossing point for the abandoned 

canal. 

In the next 1.3 kin, the pipeline crosses the river, passes within 20 m of one dwelling (and 

one outbuilding housing cows) and traverses cultivated It~nd (vegetables) for about 0.8 km of 

the 1.3 km. 



The pipeline diverges from the canal alignmen1 :~nd follows  long the west side of an existing 

road to the edge of the river just west of the Abu Zeighan Bridge. In  the 0.7 km to [he edge 

of the river, the pipeline traverses cultiv;~ted land (vegelahles and field crops). 

After crossing the river (channel width is approximately 100 m), the pipeline follows a farm 

road at the foot of the hill on which Abu Zeighan village is situated. The road is adjacent to 

vegetable fields for approximately 0.3 km ;~nd ;I citrus grove for 0.2 km. Four occupied 

dwellings and a mosque are on the hillside above the filrni road, within 100 m of the pipeline. 

For the final 0.4 krn segment to Abu Zeighan Weir the pipeline would be in the floodplain at 

the foot of a 10-20 m escarpment. A citrus grove and vegetable lields are located at the top 

of the escarpment within 100 m of the proposed pipeline route. The closest approach of the 

pipeline to the known Bronze Age antiquities site near Abu Zeighan village is approximately 

0.5 km. 

The total area of cultivated land that polentially would k occupied during construction is 

approximately 22.6 du that were under cultivation for vegetables and lield crops during winter 

1996, 0.3 du of olive grove and up to 0.6 du of citrus grove. z33.2 L+ 9 

Depending on the timing of pipeline construction, the area of vegetables and field crops may 

be realtively unaffec~ed. Summer construction would ;!void damage to seasonal crops. 

Construction of the pipeline will likely involve removal of some trees in the olive grove. 

Mitigation for this loss will be required. Adverse construction effects on the olive and citrus 

groves will be avoided or minimized by altering construction practice and conducting aU 

laydown and temporary storage of excavated materials in areas at either end of the segment 

passing the grove. This would limit the impact area to the width of the trench adjacent to 

the road. Loss of trees, production from which would require a numkr  of years to replace. 

can probably be avoided in the citrus grove. 

Construction will take place adjacent to existing, paved roadways. Dust effects from 

construction traffic will be limited. Dust generated during excavation and bilckfilling of the 

pipeline trench will have temporary effects on dwellings near the alignment. About nine 

dwellings could be affected by dust. If construction occurs during the summer season (May- 

September), effects on crops will be minimal as no vegetables will k under cultivation during 

that period. At present, construction has not k e n  scheduled. 



Operation of the pipeline will require very little land ;Ireti beyond that occupied by the 

settling basin (0.25 du) and the weir. An iireir approxim;~tely 2 m in width, directly over the 

pipeline will be not be available for cultivation. Although JVA discourages planting of crops 

directly over buried pipelines, this appears to be a common practice in  the project area. In  

some areas crops are planted over the buried existing pipelines (ZC I and Z C  11); however, 

where the existing pipeline alignments are adjilcmt to ro;rds, the edges of planted lields are 

typically 3-5 m from the pipeline alignment. Assuming that no planting will oocur over the 

buried line, approximately 7.0 du of cultiv;ited l;rnd and 0.3 du of olive grove will be removed 

from future production. 

6.2 EFFECTS ON STREAMFLOW AND WATER QUALITY 

62.1 No-Action Alternative 

Presently (under the no-action alternative), flows of up lo 2.8 m'/s (m.inimum combined flow 

for Z C  1 and 11) are diverted from the Zirrq;~ ;it 't'h;~h;~b Weir. Flow in excess of the 

irrigation requirement for Z C  1 and I1 is  passed at l'h;lh;ib Weir and continues downstream 

approximately 9.9 km 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 km). Because water is r e l e a d  from King Talal Dam 

(KTD) to support irrigation, flows in  the Zarile River rarely exceed the quantity required for 

the irrigation diversions at Thahab and Abu Zcigh;ln Weirs. 7hus. excepting the diverted 

saline spring flows of approximately 80 L/s, the present situation involves diversion of 

virtually all flows from the 17 km river segment lx low Abu Zeighan Weir. 

The river segment from Thahab Weir to Abu Zeighan Weir experiences very variaMe flows. 

Based on the maximum irrigation requirement for the KAC-s, the annual range in average 

monthly flows below Thahab Weir is from 160 L / s  to approximi~tely 1.6 m3/s with peak f l o w  

of about 2.5 m'/sU. Natural flood flows are higher, but wcur infrequently. Low flows often 

occur during periods of natural rainfall iintl rharc may he no rele;lse ;II 'Ih;~h;~b Weir for 

extended periods during the winter months'. 0per;rtion 01' Z C  I and 11 may result in 

diversion of all flow reaching Thahab Weir except for ;I small overflow from the settling 

Harra and Comlidaled Conullanls. 1996. Op rir. 

JVA. unpublished h a .  
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hasin. The settling basin overflow return channel enters the 2arqa about 2.3 km downstream 

of Thahab Weir, thus the 2.3 km reach below 'Ihahah Weir experiences complete dessication 

from time to time. The vegetation in the reach between Thahab Weir and the settling basin 

return is typical of species adapted to periodically saturated conditions. being dominated by 

oleander and tamarix with scattered clumps of common reed. The sellling basin overflow is 

on the order of 10-20 L/s. This overflow appears to iw sufficient to maintain vegetation 

requiring more or less continuously saturated substrates such as cattails, rushes and sedges, in 

the reach downstream. 

The river segment from Hwarat Weir to Ahu Zeighan Weir is affected by year-round spring 

inflows, some of geothermal origin. The mixed inflow from springs in this segment has a high 

salinity (EC of approximately 7-9 dS/m). Appreciable inflows begin to occur approximately 

1.3 km below Hwarat Weir. Total flow accumulation ;I( Abu Zeighan Weir is 150-300 L/s 

from springs in the segment below Hwarat Weir. Due to their highly saline nature, the 

springs adversely affect water quality in the KAC during periods when flow below the Thabab 

Weir is relatively low. 

For several years, JVA has channelized the streambed, dividing it into nro  separate channels. 

for a distance of approximately 2.4 km above Abu Zeighan Weir. This measure partially 

separates saline spring inflows from the fresh water flowing downstream of KTD. Upstream 

of the channelized area, the sources of saline inflow are too widely dispersed over the width 

and length of the channel to separate then1 from the freshwater flow. Thus, the main channel 

carries a mixed saline and freshwater flow to the entri~nce of the Ahu Zeighan Canal. The 

secondary channel diverts approximately 25-40% of  the saline inflow (about 80 L/s) over the 

Abu Zeighan Weir to continue downstream. 

Channelization of 2.4 km of the river above Ahu Zeighan Weir was done in response to 

prohlems with salinity in KAC that occurred during 1Y)3 and 1W4. Prior to channelization 

aU flow was diverted to KAC at Abu Zeighan Weir. Channelization has had some 

unanticipated negative benefits on water quality as  a "new", relatively high-volume saline 

spring developed in the channelized reach in 1995. Adoption of the no-action alternative 

would thus result in a release of approximately 80 L/s of saline water immediately below Abu 

Zeighan. assuming that the annual channelization program is continued in the future. 

Although channelization has had a limited effect in improving water quality of the KAC-s. it 

would be expected to continue under the No-Action Alternative. 



6.2.2 Diversion at Hwrmt Weir 

Both the Proposed Action (IRR3a) and the C~nnl-Pipeline fe;~sible ;~ltern;~tive (IRR3b) 

would involve a diversion at Hwarat Weir. The existing diversion at Thahab Weir would 

continue to operate. The reach of the Zarqa River between Thahab Weir and Hwarat Weir 

would continue to experience fluctuating flows with periods of little or no flow during the 

winter months as would occur i f  the No-Action Alternative were adopted. 

Z a r w  River between Hwarat Weir and Abu Zeiehan Weir 

periods when the flow from wadis exceeds the irl-ig;~tic~n recluiren~mts for ZC I. Z C  Ii and 

the KAC-s. 

The remainder of the reach will receive intlows iron1 springs ;~nd seeps. The mixed inflows 

are predominantly brackish in the mesohaline range (EC 7-9 dS/m). This equates to a 

reduction in the present range in EC which is a b u t  1.5-10 dS/m depending on the flow from 

KTD which ii passed through the reach. ) 1 uw 
be esent in this reach in  lar e quantities com ared to the inflows from r w h e  water 
--%-----,-~od--> - p 
will be relatively free o f  bacteria contamin;ttion and nutrients. 

Zaraa Rlver between Abu Zeiehan Weir and the Jordan River 

Water entering the channel between Hw;~r;~t ;~nd Ahu Zeighan Weirs from seeps and springs 

will be passed over Abu Zeighan Weir and allowed to continue downstream for 

(depending on seasonal variations in . 
in the reach 

some springs are known to occur along the river channel below Abu Zeighan Weir. Water 

quality i s  likely to be similar to that in the reach a b v e  the weir. 



ed Areas &Qg& KAC-s 

Changes in water quantity and water quality in the areas along the KAC-s depend on several 

factors including the quantity of high quality water from the Yarmouk River that b available 

to the KAC-s. The recently completed peace treaty with Israel increases the amount of 

Yarmouk water potentially available to Jordan by about 140 MmJ/yr. The ultimate 

destination for this water will be greater Amman, where water shortages are chronic and the 

gap between municipal and industrial water demand and water availability i s  increasing. 

Demand projections developed by H a m  Group" indicate that the water supply shortfall for 

all uses will be429 Mm3/yr by the year 2000, even considering the peace treaty water rights. 

Thus, i t  is  unlikely that the supply of Yarmouk water for irrigation will increase. There ma m~-. \ 4 

The quantity of water available in the KAC-would k expected to decrease somewhat due - ---I- .. - - ---/-- --- - 

to the bypassing of 150-300 L/s of saline waters, approximately 70-220 L / s  of which are now 

mixed with KTD water prior to diversion to the KAC-s. However, since the volume of water 

released at KTD i s  regulated to meet irrigation requirements, 

t q .  EC of water in the KAC-s will improve ---~ -w 

compared to that which would occur with the No-Action Alternative. 

To assess project effects on EC in the KAC-s, five years of monthly average EC data (1991- 

1995) were used to compute monthly mixing ratios for water from the Zarqa River at Ahu 

Zeighan with water from the KAC-n (Yarmouk River). The mixing ratios (Annex 4) were 

applied to KTD EC data to obtain the monthly average EC that would have occurred in the 

KAC-s had the p r o j d  been operating. Table 6-1 presents the annual average ECs and the 

average EC's for typical winter and summer growing periods. 

Harra Group. 1995. The Wsler Conveyance Sywem (ram Disi-Mudarrara lo Amman. D r d l  Conceptual 
Sludy Repon, Vot. 3, Formulation and Dnclopmcnl or Sywem Cumpnen~r.  
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Table 6 1. 

Average ECs  (dS/rn) In  the KAC-s Tur Varlous Crowing Periuds 

"Withoutm mpresents the average of observed monthly average values; 'With' rcpmcnls 

the predicted value that would have n ru r red  hnd the project been In operation. 

(Summer Crops) 

The results presented in Table 6-1 indicate that during 1991 and 1992, the project would have - 
-uld have 

e mean reduction in  average annual 

0.39 dS/m from 1W1-1995. The project's potential 

effects on E C  in the KAC-s are controlled by interacting factors; however. the volume of 

water released at KTD has a substantial influence on the magnitude of change observed. 

Large volumes (greater than 2-3 m3/s) of K T D  water lend to dilute the saline seepages to a 

point where they effect only a small change in  the EC; thus the project has little e k ~ .  

During periods when flows bypassed at Thahab Weir are subslantially less than 2 m'/s. 

bypassing the saline springs will be very effective at reducing EC in the KAC-s. 

I f  water from the KAC-n is not available for mixing with Zarqa water, the impact of the 

Proposed Action on h igat ion water quality will depend solely on the quantity of water 

passed at Thahab Weir. Figure 6-1 illustri~tes this impart for a saline spring flow of 150- 

300 L/s; saline spring EC of 8 dS/m and an E C  for KTD water of 1.88 dS/m (the average 

for September 1000 - September 1W5; see Annex 4). A t  flows of up to 1.400 L/s at Thahab 

Weir, the saline springs could reduce the suitability of water for irrigation to the 'Severe 

Restriction" level. At tlows of less than 1,600 L/s at Thahab Weir (the estimated maximum 



monthly irrigation requirement for the 18 km Extension), the saline springs cause appreciable 

salinity degradation of water delivered to the KAC-s. In this case, the Proposed Action 

would produce a decrease in EC of 0.5-1.0 dS/m. which would be equivalent to a minimum 

7.5 percent increase in tomato production or a minimum 11.9 percent increase in citrus 

(oranges) production". Even at the project design flow of 4.500 L/s, the decrease in EC is 

greater than 0.3 dS/m. 

0 1.000 2,'J@3 3.0'33 4.000 5.000 

FLOW PAST THAHAB WEIR Lls - - - %mprlSOUr.N.3Mcn 
Spnw 3 8  us. No*CM 

-0Pmcd- I - - lmp;mnrhar" I 
Flp 61. P r c M  dll). h A b  Zrl#bn C.mt mhtlve to h .I Tb.b.b Web. Ebr nLe 

8-6 ibm d I50 UI a d  500 Us mder W A c t b n  A h m d v e .  
(%YE 6 p r h ~  BC = 8.0 W m ;  KTD BC = 1.88 W m )  

An additional effect of the project, n 

-mination of episodic high salinity events in the KAC-s. For 

24 days on which EC was measured (maximum > 7.7 dS/m during one two-day period); 

however, the monthly average for January 1994 was 2.11 dS/m. Overall, during a two-year 

period of daily monitoring (Saturday-Thursday) from April I993 through March 1W5. there 

were nine months during which daily average EC's in the KAC-s exceeded 3.0 dS/m (31 days 

in 20 separate events). Events occurred during summer (June -September), through :autumn 

Ayers, R. 5. and D .  W. Weslcol. 1985. Walcr Qualily Inr Agr~cullurr F A 0  lrr~ga~lon and Drainage Paper 
No. 29. Rev. I .  Unilrd Na~iorw Food and Agricullurc OrganlraIion, Hornr. 
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and winter (October - early February) in both 1993 and 1994, with most events occurring in 

1994. Had the project been operating. only two separate events totalling 3 days of high 

salinity would have m u r r e d  during the two-year period (in January-February 1994). 

The m u r r e n c e  of high salinity events has serious implications for sensitive vegetable crops, 

such as string beans, carrots and onions. Even ;I few days irrigation with very saline water 

can result in substantially more damage (possibly total loss) than a long-term average for the 

growing season would suggest. 

for damage due to periodic hi 

Dilution with saline spring water and assimilation in the reach between Thahab Weir and 

bu Zeighan Weir may reduce nutrient concentrations in water reaching the KAC-s. 

Operation of the project might be expected result in somewhat higher concentrations of < 
ammonia and nitrate in KAC-s waters compared to the No-Action Alternative; however. 

observed changes in nutrients indicates that such effects may be seasonal and assimilation is 

not appreciable (Section 5.2). Some small itssirnilation or dilution of nutrients will be lost by 

diverting water through the pipeline. This is not necessarily a negative impact as  the 

nutrients in the water can reduce fertilizer applicatons. Water quality data for rwo irrigation 

returns in the central Jordan Valley areas served by Z C  I and Z C  I1 indicates that farmers 

d o  not account for this nutrient enrichment of irrigation water in their fertilizer application". 

Failure to account for excess nutrients in the source water presently contributes to excwive 

nutrient enrichment in the Jordan River. > 
Average concentrations of trace metals in the water released at KTD were found to  be well 

within the suggested guidelines for irrigation w;lters and not ;~pprrci;~hly different from 

average concentrations in the KAC-n". Project operittion is not expected to ; ~ f f e c t  trace 

metal concentrations. 

B Water and Emimnment Rcsearch and Study Cenler - University 01 Jordan 1995. Irrigation mvugemcnt B 
water qualily in the Cenlral Jordan Valley (Baseline S u ~ q )  Walur Qualily Improvement and Conuw~tion 
Projea. Repon 3114-95-3tQ5. 

* Waler and Environment Rrvarch and Study Center - University 01 Jordan. 1995. lmigat~on management & 
water quality in the Central Jordan Valley (Bawlinu Suwcy) Water Ouality Improvement and Conuwa~ion 
Project, Repon 3114-95-3tQ5. 



623  Diversion at Thahab Weir 

Thahab Weir to lWmlM& 

I n  addition to the having all streamflow and water quality impacts describrd for the P r o p a d  

Action and the canal-pipeline feasible alternative, the leasible alternative involving a pipeline 

from Thahab Weir to Abu Zeighan Weir ( IRRI)  would affect flow and water quality in  the 

reach between Thahab Weir and Hwarat Weir. This 5.2 km reach of the Zarqa River will be 

subject to dessicaton of the streambed for its entire length. This area will receive minimal 

flow from baseflow and/or leakage at Thahab Weir. Occi~sionill flood flows will ur-ur during 

wet periods when the flow from upstrean1 side wadis exceeds the irrigation requirements for 

Z C  I. Z C  II and the KAC-s. The catchment of this reilch is sn1;lll and steep-sided. The 

contribution of rainfall runoff from side wadis along the reach to flow in the reach is likely to 

be short-lived and limited i n  quantity. The reach was judged to be possibly a gaining or 

losing reach", thus, baseflow may contrihute a small continuous flow to the reach. The 

magnitude o f  such a contribution to flow, i f  any, is likely to br small and any springs or seeps 

are likely to disappear during dry periods. 

There i s  no information available to allow ;in ;~~ ru ra te  prediction ;IS to water quality i f  the 

project i s  operating and no KTD water is passed to the reach from upstream. Given that the 

Upper Aquifer Complex (Kurnub Formation) is exposed along this segment o f  the river, i t  is 

likely that water will be fresh to slightly brackish i f  groundwater springs and seeps are 

present. Operation of the settling basin at the headworks to the pipeline may continue to 

provide a small flow of fresh water in  the river downstream. Such flow would be expected to 

support continued presence o f  emergent vegetation in the river channel. There would 

probably be a shift in  emergent species toward ;I predominance of reeds. which are more 

tolerant o f  temporary dessication than some of the other species present. Oleander and 

tamarix a t  the stream margins may thin out somewhat as competition Tor water increases in 

the presence of much-reduced occurrences of innundation of the channel margins; however. 

this vegetation i s  expected to remain at moder;~te to high density. 

' Harza Engineering and Consolidated Cunsul~an~s. I1?K. 7~rq;lrqa River Convcyancc Sludy. Phav A 
Conceplual Sludy, Pan 3 - Seleclion of Preferred Allernaliv~.. 



Hwarat Welr to Abu Zalehan Weir 

Effects of the alternative on this segment of the Zarqa River will he the same as the effects 

described under Section 6.2.2. 

Abu Zeiehan Welr to .lordan Rlver 

Effects of the alternative on this segment of the Zarqa River will he the same as the effects 

described under Section 6.2.2. 

Irrigated Areas alone the KAC-s 

Effects of the alternative on irrigated areils will be the same as the effects dexribrd under 

Section 6.2.2. 

6.3 GROUNDWATER 

Due to its salinity, groundwater in  the project area is generally unsuitable for for irriga~ion. 

domestic or industrial uses. Wells drilled in the area had EC's ranging from 8 to 15 f i l m .  

The groundwater i s  under pressure, as evidenced by the flowing saline springs along the river 

channel between Hwarat and Abu Zeighan Weirs. Several sources have geothermal origins. 

Other lhan pastoralists who may make use o f  the less saline springs for watering lives~ock, 

there are no known users of groundwater in  the area that will he affected by the project. 

As described in Section 5.1.4, the major area uf groundw;~ter recharge is loca~ed in the 

highlands. The groundwater in the projec~ area derives from sources  hat are spalially and 

temporally separated from water flowing from springs in  the Jordan Valley. In  addilion. 

water from test wells has generally heen found to bt: more saline than spring water flowing 

into the Zarqa River channel. Changes in groundwater quality are not expecled as a result o f  

project operation. 

ration o f  the project willmbly resul~ in a small 

s. Monitoring of return flows in the central 

Jordan Valley in  1993-1994 indicated that these flows typically have average salinities in the 



range of 3-6 dS/m. Effects of return water on groundwater won't be appreciable because 

groundwater salinities are expected to be higher than the 3-6 dS/m observed in return flowsU 

6.4 WILDLIFE AND AQUATIC RESOURCES 

natural riparian and streambed vegetation includes pl;~nt species ad;~pted to wet, or 

frequently wet conditions. These are dominated by, and sedges. rushes, common reed and 

cattails in the wet areas of the streambed. 0le;lnder and tamarix are also present in areas 

experiencing occasional innundation. 

6.4.1 Dlvcrsion at Hwaret Weir 

The Proposed Action and the canal-pipeline alternative will divert water from approximately 

4.7 km of river channel between Hwarat and Abu Zeighan Weirs. Approximately 1.3 km can 

be described as freshwater habitat and the remainder as brackish. The freshwa~er habitat will 
L --. 

b e b e c i a b l e  loss of e m e r ~ q u a t i c  & ve etatlon is - 

oleander and tamarix will replace the=. Common reed is likely to increase ----..,---, 
in abundance and become more widely distrihuted because it  is more tolerant of fluctuations 

in water level and dessication. 

Structural diversity of [of r continuous fl- a T h n m s i d e  habitat for a m e  bird . - - 

Fish and aquatic animals inhabiting the upstream segment of the reach will likely be lost 

from that segment due to dessication. In the lower parts of the brackish segment, suitable 

habitat will remain for fish and aquatic invertebrates. Amphibians are unlikely to reprodwe 

at the salinities found in the brackish segment. Amphihian populations dependent on the 

'' Water and Environment Ruearch and Study Cenrer - University u l  Jurdan. 1995. lrriga~iun management & 
waler qualiry in the Central Jordan V a l l q  (Baseline S U N L ~ ) .  Wdlcr Ouallly lmprwemenl and Cunvrvaliun 
Project. Repon 311&9MM)5. 
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freshwater reach lor reproduction may be maintained through use of temporary p o l s  left 

after high flow events. 

Effects on the brackish habitat will be less pronounced ;IS inflow from saline springs will be 

maintained; however, transitional freshwater-brackish habitat will be lost and salinity will 

increase and remain relatively constant in remaining habitat. Compared to present 

conditions, channelization of 2.4 km of the streambed will no longer occur and a more 

natural riparian and aquatic community, adapted to brackish conditions. may develop. 

Oleander, because i t  is both salt tolerant and toxic to livestock is likely to become more 

abundant. 

6.42 Diversion at Thahab Weir 

The diversion at Thahab Weir will divert water lrom 9.9 km of river channel. Approximately 

6.5 km of this reach can be characterized as freshwater riparian habitat. This will mnstitutc 

a 5.2 km increase in  the length of channel suhject to dessication and degradation o l  riparian 

habitat. Effects on both freshwater and brackish water habitat will be similar to that 

described above. 

6.43 Habitat Dormstrean of Abu Zeighan Weir 

Increased flow in  the river channel downstream f- of - limit its lmmed~ate attractiveness to many species. Hahitat for migratory birds and other 

small wildlife will probably increase over time with the invasion of halophytes such as 

oleander and common reed that can take advantage of the ;rvailability of saline water 

Use of this stream segment hy fish and i~ i lu ;~t ic  invertel>r;~tcs ;~il;~ptril lo hrilckish rx>nditions I 
is likely to increase. Invasion of species from the Jordan River is likely to occur and such I i 

species are likely to become established over a p e r i d  of time. There will be a large net 

increase in  aquatic habitat in  this area. - 



6.4.4 Habitat in Irrigated Amas 

'Ihe project i s  not expected to result in any changes in  habitat in irrigated areas. Wildlife 

habitat in  irrigated areas will be similar to that found under the No-Action Alternative. I J  
6.5 SUITABILITY OF WATER FOR AGRICULTURE AND OTHER USES 

Under the No-Action Alternalive, water in  the KAC-s is suitable for irrigated agriculture with 

moderate to severe restrictions due primarily to salinity. chloride and bacterial 

contamination, Salinity will be variable and may reach levels implying severe restriction for 

agricultural use (>3.0 dS/m) for short periods o f  time. Coliform bacteria conlaminalion is 

frequently greater than 1.000 MPN/100 ml, which indicates that water should be used only 

for crops that are cooked completely before e;~ting. Atlverse salinity and chloride conditions 

result primarily from the diversion of water from the Zarqa River. ni~cterial ~wntamin;~tion 

of water in  the KAC-n, while lower than that in the Z.;lrq;~, is  high enough l o  restrict 

irrigation only to crops that will be cooked completely. 

65.1 Cullivaled Areas 

The Proposed Action and both feasible alternativw will have identical effects on salinily and 

chloride in  the KAC-s. The average salinity and average chloride concentralions will be 

reduced. Bacterial contamination levels will not change ;~ppreciably. 'Ihe changes in water 

quality are expected to benefit agricultural users ;dong the KAC-s (see Section 6.8). 

Diversion of KTD water will result in  reduced availability of water for livestock use along the 

river channel between Hwarat Weir (or Thahab Weir in the case of alternative IRRI )  and 

Abu Zeighan Weir. Available water will derive from saline springs an seeps in the a r w  

downstream of Hwarat Weir. 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 



of the animals4'. Salinities in the 5-8 dS/m range are considered "satisfactory' for livestock 

use. Water with higher EC's (8-11 dS/m) is suirable for "limited use' with dairy and beef 

cattle, sheep, swine and horses, but i ts use should be itvoided for pregnant or lactating 

animalsl. EC's above 16 dS/m are 'not recommended" for livestock. The groundwater data 

presented in Section 5.1.4 indicates that saline spring inflows could have EC's on the order of 

5-10 dS/m. Daily monitoring at Abu Zeighan Weir reported a maximum E C  of 8.7 dS/m 

with most readings during periods when essentially no water was being passed at Thahab 

Weir of 8.0 dS/m or less during Apri l  1993 - March 1095. I t  is  likely that EC's in during 

project operation will be in the "satisfactory' range for livestock use. Livestock use of the 

Zarqa River channel between Hwarat and Abu Zeighan will not be precluded by diversion of 

KTD water. 

Water from the springs will be relatively uncontaminated by coliform haaeria as compared to 

KTD water. Although there is no information available on the incidence of water-borne 

diseases among livestock, this may prove beneficial as 

potential disease organisms. - J 
The channel downstream of Abu Zeighan Weir had, for ;I number of years, received only 

occasional flow from upstream during high flow periods. The channelization of the Zarqa to 

divert saline inflows over the weir provides a supplementary water source for use by grazing 

livestock in  the streambed downstream of Abu Zeighan. The quality of this water should be 

similar to that upstream and is expected to he "satisfitcrory' for livestcxk use. Because the 

channelized condition is considered representi~tive of tltc No-Action Altern:rtive, the 

Proposed Action and feasible alternatives will not affect s w o f  water for downstream 
7 

uses; however, the quantity91 water avail;thle will incre:~se. - 
6.53 Other Uses 

Zarqa River water i s  used for washing clt~thing, wool. :lgricultur;ll equil~n~ent and vehicles and 

gravel mined in and adjacent to the channel. The level of salinity in the spring water is not 

likely to preclude any of those uses. ntamination from fecal coliform I 

" Ayers, R. S. and D. W. Weslcol. 1985. Waler Oualiry for Agriculture. FA0 Irrigation and Drainage Pnpu 
No. 29, Rev. I. URiled Nations Food and Agriculture Organhalion. Rome. 
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J 
6.6 MAINTAINING PRODUCTIVITY OF AFFECTED LANDS 

Salinity buildup in soils undergoing irrigation is a concern where the source water has a 

relatively high salinity, evapotranspiration rates are high and rainfall is scarce. JVA has 

unpublished data for the central Jordan Valley that have indicated some salinity build-up in 

soils irrigated with water from KTD during dry years. During years with ample rainfall 

locally, or availability of excess water from KAC-n, it  has been possihle to conduct leaching 

and to maintain soil productivity". 

/ 
By virtue of reducing salinity in water delivered to the areas irrigated from the KAC-s, the 

project will slightly reduce salinity huildup in soils ill Ihe ;~l'l'ectetl :Ire:! I 
6.7 CROP PRODUCTION - PRIMARY BENEFITS OF THE PROJECT 

Assessment of the effects of the project on crop production and economic returns in the 

affected area was based on water quality data collected hy JVA at key locations in the 

irrigation system and on economic data obtained from results of two surveys of randomly 

selected farms in the central and southern Jordan Valley. Data on cropping patterns for the 

southern Jordan Valley was obtained from published statisti0 and from unpublished data 

provided by JVA. The assessment approach involved estimating EC effects on the 

percentage yield of individual crops grown in the southern Jordan V;~lley during the 19W-91 

through 1994-95 growing seasons. Observed EC data for the KAC-s were used to estimate 

what percentage of the theoretical maximum yield was ohtained under existing conditions. 

Predicted EC data (Annex 4) were used to estimate the percentage of maximum yield that 

would have been obtained had the Zarqa Conveyor Project been in oper;~tion during those 

growing seasons. The ratios of the predicted percentage yields with and without the project 

were then used to estimate the change in economic returns that could he attributed to the 

project. 

., Rawem Anshasi, JVA, Waler Quality Luboralory. Perronat Cummunim~ron. 
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The economic data used in  the study came from W ~ I  sources covering different pe r ids  and 

areas in  the Jordan Valley. Two percentage yield estimates were developed for each crop 

during each of the five growing seasons. These sources provided farm level economic data 

for the 1991-1992 season in  the southern Jordan valley" and for the 1993-1994 season in  the 

central Jordan Valleya. Data were available for most o l  the more widely planted crops and 

for several technologies (surface irrigation, drip irrigation, drip irrigation in plastic tunnels. 

and drip irrigation in  plastic greenhouses). The 1991-1992 data were collected during a wet 

period when EC's in  the KAC-s were relatively low and the totitl i t r i a  of  agricultural 

production was relatively high due to plentiful water from rainfall. During this study, crop 

production was likely minimally affected hy sitlinity. Predicted yields for most crops were in 

the 90-100 percent range, based on known s;tlinity vs. crop production relationships4'. 

The 1993-94 study in  the central Jordan Valley study was conducted in  an area that presently 

receives water that is diverted from the Zarqa River at Thahab Weir. The study was 

conducted during a period of low rainfall itnd relatively high EC's. The totel area of 

agricultural production in the southern Jordan Valley during this study was low relative 1990 

due to lack o f  sufficient rainfall to supplement supplies from the irrigation system. Based on 

known salinity vs. crop production relationships, production of most crops in the study area 

was in  the 60-95 percent range. 

I n  the assessment of crop production, costs were treated as fixed. that is, additional 

production was not considered to require additional lahor for harvesting. I n  addition. i t  was 

assumed that market prices for the crops produced would not he affected hy any additional 

production resulting from improved water quality. The latter assumption appears justified in 

that the area directly affected hy the project is  ;tppmximi~lely 10 percent of i h i  Iota1 

agricultural area of the Jordan Valley and the milximum impact of the p r o j s i  on overall 

yield is on the order of a 10 percent increase. Thus the overall impact on crop production in 

" Salman. A. 2. Y. 1994. On the cconomia o l  irrigation wacr  use in the Jordan V a l l y  Ph.D D i rvnvm 
Univcrsily of Hohcnhcirn. 

Water and Envuonmcnt Research and Study Center - Unnur>hy o l  Jordan IWS lrr~gatlm maugcmrm A 
water quality m the Central Jordan Valley (8arellne S u w q )  Wdler Qunl~ty lmprovcmm~ and Conrervdt~en 
Projra. Rcpon 3114-9S-3M)S 

" Aycrs, R. S. and D. W. Wescot. 1985. Water Quality for Agriculture. FA0 lmgalion and Drainage Paper 
No. 29. Rcr. 1. United Nations Food and Agriculture Organhatian, Romc. 



the Jordan Valley i s  on the order of I percent and would be considered unlikely to have a 

major impact on market prices of crops. 

The assessment approach involved the following analyses: 

Monthly average E C  data collected at  three key locations (KAC-s, KAC-n and Abu 

Zeighan) from the beginning of the growing season in the 1991 water year (September 

1990) through the end of 1995 were analyzed to determine the average monthly mixing 

ratio between the KAC-n of the 21rqa River and water from the Zarqa that was 

diverted through the Abu Zeighan C;ln;~l t c ~  the KAC-s. 

The mixing ratio was used to predict the maximum monthly ;average EC's that would 

have resulted had the project been in operation during the period in question. Monthly 

average EC data for samples collected at  King T~II~II Dam were used in place of 

monthly average E C  values for samples from Abu Zeighan Weir and 'mix& with 

KAC-n water assuming that the mixing ratio did not change. T h i s  provided estimates 

of the monthly average EC's in the KAC-s had the l~roject l xen  in operation (i.e.. no 

mixing with saline spring inflows between Hwarat and Ahu Zeighun Weirs). 

The observed average monthly E C  dat;~ for the KAC-s were used to develop average 

EC's over the irrigation period for each crop (representing growing conditions without 

the project). The predicted EC's for the KAC-s that would have occurred had the 

project been operating were used to develop average EEC over the irrigation period for 

each crop (representing growing conditions with the project). 

The effect of E C  on each crop was evaluated using the EC vs. crop yield relation&ips 

from the literatureu. This provided an estimated percentage crop yield for the average 

EC occurring during the irrigation period. Crop yields were estimated both with and 

without the project. Where the relationship was not availahle for a specific crop, the 

relationship for a related crop was used as a surrog;tle. 

a Ayers, R. S. and 0. W. Wcwcol. 1985. Walcr OualllY lur Agriuulluru. FA0 lrr igal l t~n and Dra~n;ye P-r 
Nu. 29, Rev. 1. Unilcd Nations Fwd and Agriculurc Org;lnua~lon. I l t m ~ e .  
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Cropping pattern data for individual crops grown in  the southern Jordan VaUey (Shuna 

Janobia) were obtained for 1990'~ and for 1Y)4". 

The cropping data includes the area of the southern Jordan Valley that will be affecled 

by the Zarqa Conveyance Project, the I R  km Extension, and an area, Hisban-Kafrein, 

that will not be affected by the ZLlrqa Convey:incc I'roject. D;tt:t provided by JVA for 

areas of general crop types (e.g., citrus, bananas, fruit trees, 'wheat' and vegetables) 

under irrigation in 1994 in the 18 km Extension and the Hisban-Kafrein areas were 

used to prorate the cropping data to estimate the acreages in  each crop category that 

were under production in  the 18 km Extension area. 

Data estimating average unit production costs (JD/du) and unit economic returns 

(JD/du) for Jordan VaUey farm enterprises were compiled51-". In  instances where 

economic data were not available for a crop appearing in  the cropping pattern (all such 

crops are referred to as 'other'), the area-weighted average msts and returns for all 

drip-irrigated crops were used. Separate area-weighted average unit returns were 

developed for the 1991-92 and 1993-94 data sets. 

Estimated percentage crop yields for the base pericxl (1991-92 or 1993-94) in  which 

crop economic data were coUected were calculated using the observed EC values for 

those years and for the areas (central or southern Jordan Valley) from which data were 

obtained. The ratio of the estimated percentage yield for the base period to the 

estimated percentage yield in the 18 km Extension area, determined using observed EC 

data for the KAC-s, was multiplied by the unit return (JD/du) in  the base period to 

estimate the unit return for each crop. Estimates of unit returns were developed for 

Departmen1 o l  Slaliuiu, Ihe Hashemile Kingdom u l  Jorhn l W l  Annual Agrlrullural P a ~ i u k  1990 
Dam r e p r o d u d  in: A. Z Y. Salman. 1994. On rhe cconumia u i  lrrigdllon walcr use In lhe Jonlan Valley 
PhD.  Dissertation. Univerdy o l  Hohenheim. 

Water and Envuonmcnl Research and Sludy Center - Unwerrtly o i  Jordan 1995 Imgalrcn magzmuu B 
waler qualiiy in the Cemt-al Jordan Valley (8acehne Survey) Wdlcr Oualrly lmprwcmcnt and C o n v ~ l r o n  
Prujca. Repan 31 14-9E3M5 

" Water and Environrnenr Research and Srudy Ccnlcr - Unwcrri~y 01 Jordan 1995 lrriga~ion management & 
waler quality in the Cenlral Jordan Valley (Easeline Surv~y). Waler Oualrry Imprwemenl and Cunvrvalron 
Projca. Repon 3114-95-3MS. 

" Salman, A Z Y 1994 On rhe economla 01 rrrlgallon wilter u x  in the Jordan Valley PhD D~ucnarton 
Un~ersrry ol Hohenhe~m 



each of the years 1991 through 1995. Unit returns were likewise estimated using the 

estimated EC's that would have occurred in the KAC-s during the years 1991 through 

1995 had the Zarqa Conveyance Projrc! been oper:tting. Project unit h e f i t s  (JD/du) 

were calculated as the difference between the 'with project" returns and the 'without 

project' returns. 

Two sets of estimates of unit benefits were developed. In cases where 1991-92 and 

1993-94 economic data were available for the same crop. two estirnates of unit benefits 

were made for that crop. Where economic data for a specific crop were available from 

only one source, those data were considered representative of both the 1991-T2 and 

1993-94 economic sample periods, regardless of the year in which the data were 

coUected. Each set of unit benefit estiniates w;ts then multiplied hy each wt of 

cropping pattern estimates (1990 and 1004) ;tnd summed to produce four estimates of 

gross project benefits for each year. 7he b u r  estimi~tes of gross project benefits 

provide an indication of the range of brnefits that might be errpected from the project. 

Gross benefit estimates were divided by the total cropped area to obtain estirnates of 

the mean unit benefit (JD/du) provided by the project. Mean unit henefits were 

averaged over the five year period for which the analysis was conducted. 

Tahle 6-2 summarizes the results of this itssessment. Deti~iled hreakdowns of crop prcxluciion 

estimates are provided in Annex 5. Depending on the haseline ecwnomic and cropping data 

used, the project would have provided an estimated :Iver;tge annual benefit of approximately 

0.48 to 1.10 million JD during 1991 to 1995. When placed in the context of unit returns, the 

impact of the project could have resulted in an average increase in returns of ?O. 1 to 28.6 JD 

per dunum under cultivation. 

Table 6-2 illustrates the wide variation in project benefits that might occur between years 

when water in the KAC-n is relatively plentiful ;tnd/or flow rele;rws from KTD are high 

(1990-1991 and 1991-1992) and years when water in tlie KAC-n is less ;rv;~il;~hle and flow 



Table 62. 

Summary of analysis of estimated farm-level economic returns resulting from projecl 

implementation. Two sels of economic data and two sets or cmpping pattern data were 

used to develop an eslimated range of potential project impacts (in JD). 

releases from the K T D  are relatively low (llJIJR-1994 ;~nt l  11YJ4-1IY)S). Ikc.:iuw the five year 

average includes both %elm and 'dry" years, i t  i s  prob:~hly ;I good indication of potential long- 

term average economic benefits. 

The economic analysis does not include direct effects of the project on the areas in the DA's 

25 and 30 that receive water directly from the KAC-s, nor d m  it consider indirect effects of 

project operation on the 14.5 km Extension Project. Assuming that directly affected areas in 

DA's 25 and 30 have the same cropping pattern as the I8 km Extension Project, the total 

economic benefits of the project would increase hy approximately 15 percent. 

I t  is more difficult to assess project effects on the 14.5 km Extension Project area. This area 

is presently under development and; therefore, there i s  no inftjrm:~tion on cropping patterns 

in  that area. During the first five to ten years after this irrigation project begins operation. i t 

i s  expected that crop production would be primarily in the form of vegetables, because fruit 

trees would require time to come into full production. I n  i~ddition, the water for the 14.5 km 

Extension Project will come primarily from storage at Karameh Dam, which wiU derive partly 

from the KAC-s and partly from other sources. Filling of Karameh Dam will occur during 



winter when water from the KAC-n i s  plentiful and the project will have less of an impact on 

the quality of water in the KAC-s (Table 6-1); however, considering the area under 

development for irrigation in this project (59,750 du). even a small contribution to improved 

water quality in  the 14.5 km Extension area will likely have substantial benefits. The result 

could be an increase in projecl benefits ecluivelent to 50 percent of the estimated benefits for 

the directly affected area. 

Taking into consideration the areas directly and indirectly affected by the project that were 

not considered in the calculation of benefits in Table 0-2, the estim:~te o f  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 ruins in  the general vicinity of the project; however, there are no 

known resources in  the pipeline corridor. Construction o f  hoth the abandoned canal in the 

1960's and the Z C  I1 pipeline along a substantial portion of the proposed pipeline alignment 

during the mid 1980's did not result i n  known disruption of antiquities. T h i s  suggests that 

potential effects on antiquities in the project area are not likely to be significant. The 

American Center for Oriental Studies (ACOR) has indicated that they have no knowledge o f  

important antiquities in the corridor area; although there is a potential site on the hillside 

east of Abu Zeighan village. ACOR has recommended a reconnaisance of the Zarqa River 

and pipeline alignment to determine whether antiquities ;Ire likely to be affected by the 

project (see Section 7.1.3). 

Antiquities are protected under Jordanian Law. Failure to report the dirovery o f  sites 

and/or failure to turn cultural artifacts over to the Department o f  Antiquities carry penalties 

o f  both fines and imprisonment. Reporting the discovery of antiquities is a general provision 

o f  construction contracts in Jordan. 



6.9 HUMAN POPULATION 

6.9.1 Employment 

Effects of the Proposed Action on the employment sector are difficult to assess. In general. 

given the large variations in the total number of dunums under cultivation from year to year. 

it is likely that effects increased agricultural production resulting from improved water quality 

will be masked by annual changes in the area of land under production. In general. the 

projecl will have the greatest positive effect cln production during dry years. when the area 

cropped may he reduced, and a small effecl on prcducti~~n during wet years, when a larger 

area is Likely to be under cultivation. Qualitatively, it  appears that the project may increase 

stability in the year to year demand for casual labor. 

During the construction period, there will be a requirement for a modest number of laborers. 

II '  constructic~n is undertaken during the sumnier mon~hs, when dem;rnd for c;~sual farni l;~hor 

is lower, the project will have a short-term benefit in the Deir Alla area. 

6.92 Human Health 

The effects of water development projects on the incitlence of water-borne diseases is often a 

concern. The Proposed Action is not expected affect the incidence of malaria and bilharzia 

both because new irrigation areas will be not he developed and because malaria and bilhania 

are relatively rare in Jordan. Reduction of coliform bacteria in the Zarqa channel is likely as 

a result of the diversion. This should reduce ihe risk of diarrhea and water contact related 

health problems for that portion of the population that uses the river for washing of clothing. 

equipment and livestock. 

The only known use of the channel for personal batbing occurs at flowing. geothermal springs 

hetween Hwaret and Abu Zeighan Weirs. Man Spring and Wom;~n Spring, so-called, are 

used as bathing areas. The use of springs for bathing probably poses little health risk during 

normal flow conditions because the spring water does not have bacterial contamination and 

the springs are isolated from the main channel flow. 



7. RECOMMENDED MITIGATION MEASURES 

7.1 CONSTRUCTION IMPACTS 

7.1.1 Disruption of Cultivated Amas 

Construction impacts on cultivation can be reduced by timing construction to occur during a 

period when little or no cultivation is ongoing in the vicinity of the pipeline alignment. The 

best time period for this would appear to LE June through September. Conclusion of 

construction activities as late as December would still allow a full growing period for some 

winter crops and would present minimal disruption of cultivation pr;lctices in the project 

construction area. 

Dust generation by construction activities will probilhly be worst during the summer months 

due to dry, sunny conditions. However, due to [ h e  reduced level of vegetable cultiva~ion 

during midsummer, there wiU be little impilct on vegetable crops. 

/' 
Although it is intended that construction be completed without removing any malure fruit 

trees. it is possible that the f i a l  alignment of the pipeline will pass through an orchard or 

grove. In such case, compensation for lost production should be provided to the affected 

farmer. Such compensation should ideally repl;~re the lost trees and provide a subsidy or 

payment for lost production until replacenimt [rzes are Ixaring at full production. 

Accidental fuel spills associated with construction activities can damage cultivated areas and 

cause significant and lasting harm to aquatic life and riparian vegetation. Fuel storage and 

fueling areas, if any are required, should he located away from cultivated areas and away 

from areas that drain into cultivated arras or'the stream channel. This is particularly 

important with respect to assuring continuing u s r  of the stream ;IS ;I source of water for 

irrigation and livestock during construction. The construction contraclor should be 

responsible for providing spill cleanup materials on-site and properly removing and disposing 

of any spilled materials promptly. 



7.12 Dwellings 

Dust will affect dwellings in the construction area; however. the effects will be short-lived and 

the number of dwellings is small. Excavated materials within 50 m of inhabited dwellings 

should be covered to reduce heavy dust deposition. 

7.13 Stream Channel Construction 

Excavation of the streambed for rehabilitation of I-lw.~rat Weir and lor buried pipeline 

crossings should be conducted when flows can be controlled. This will avoid the possibility of 

washouts due to unanticipated high flows. Measures to prevent siltation of the streambed 

downstream of crossing sites will also be more effective if flows can be maintained at a low 

level when the streambed is being trenched. The best period for this activity appears to be , 
June through September. Irrigation demands are particularly low during July and August. 

thus flows could be reduced to low levels while construction is undenvny. Excava~ion of the 

streambed should be avoided between the months of October and M:~rch. 1 
\ 

Materials for cofferdams to protect ongoing work in the channel should be thoroughly 
\ 

washed to remove silt and fines prior to installation. Sump pumps should not dirharge 

directly into 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 



7.12 Dwellings 

Dust will affect dwellings in the construction area; however, the 

the number of dwellings is small. Excavated materials within 

should be covered to reduce heavy dust deposition. 

7.13 Stream Channel Construction / 
Excavation of th warat Weir and for buried pipeline 

ntrolled. 'Ihis will avoid the p i b i l i t y  of 

washouts due to to prevent siltation of the streambed 

downstream of ive if flows can be maintained at a low 

level when the period for this activity appears to be 

titularly low during July and August, 

thus flows coul uction is underway. Excavation of the 

tober and March. 

to protect ongoing work in the channel should be thoroughly 

fmes prior to installation. Sump pumps should not discharge 

should discharge to a detention facility to allow mud and silt to 

A reconnaisance of the pipeline alignment for the Proposed Action was carried out by a 

representative from the Department of Antiquities on 11 March 1996. No antiquities were 

found along the proposed route. 

The dimvery of antiquities during construction projects is mvered under T h e  Antiquities 

Law,' Law No. 21 for the year 1988. This law places responsibility upon the person 

discovering the antiquities. The construction contractor will be responsible for reporting any 

antiquities discovered during construction activities. Under the law. discovery of antiquities 

J 
must be reported. Destruction of or causing harm to antiquities is punishable under the law 



by fines and imprisonment. Rewards are offered to persons discovering antiqui~ies or 

reporting those who cause harm to antiquities. 

If antiquities should be discovered during project construction, they must be reported. A 

determination 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 determination is completed, construction must be stopped at that location. 

7.2 DIVERSION OF KTD WATER FROM THE RIVER CHANNEL I 
Diversion of water from the river channel will affect riparian vegetation that represents 

valuable wildlife habitat; use of river water for irrigation in the river segment between 

Hwarat Weir. and potential use of the channel as a source of water for ~ n e s t ~ e  moa  

suitable form of mitigation for these effects would be to provide a minimum flow release to 

the channel. This release should be maintained at a level similar to that provided by the 

settling basin overflow at Thahab Weir. This quantity of flow is often the only flow below 

Thahab Weir during the winter months and it apparently is suf f~ ien t  to maintain emergent 

vegetation in the channel. This measure would maintain vegetation diversity and wildlife 

habitat quality at satisfactory levels. A small minimum release would a h  provide enough 
@ -  

water for existing irrigation withdrawals along the left bank downstream of Hwarat Weir and 

provide a source of water for livestock use in 1.3 km of stream channel below Hwarat Weir. 

The minimum flow would also provide a small reduction in EC of the saline spring water 

flowing in the channel downstream. 

headworks af the pipeline at Hwarat Weir. ? 
The provision of a minimum flow below Hwarat Weir on the order of that presently 

occurring at the Thahab Weir settling basin overflow should not present a major loss to the 

irrigation system. The estimated flow from the settling basin is 20 L/s or 0.6 Mm'/yr. 'Lon' 

of this quantity of flow during periods when the Ahu Zeighan diversion is not operating is 

apparently acceptable to the system operators. It also represents less than two percent of the 

estimated maximum annual irrigation requirement, which is estimated at 1,100 L/s or 

35 Mm3/yr. 
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Name Exoertlse Eruerlence Discioline 

I 

W. Peter Saunders, Jr. Environmental Science 23 Fisheries Biology 

I 

Peter L. Ames Environmental Assessment 38 Wildlife Management 

L 
Khalid Jawed Hydrology & Water 38 Hydrology 

rn 
Ross Hagan Irrigation/Agriculture Agriculture 

m Adnan Budieri Biodiversity of Jordan 9 Biological Engineer 
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ANNEX I .  

Bird Specks Likely to be Found In lhc 2.4. River Area from Klng Tahl Dur to lk 

I Jordan Vallcy 

I) 
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ANNEX I. 

Bird Species Likely to be Found in the Zerqa River Area from King Talal Dam to the 

Jordan Valley 

26 March 1996 1236 ANNEX 1 - 2 



ANNEX I. 

I 

Bird Species Likely to be Found in the Zllqa Rlver Area from King Tahi h a  to lbc 
Jordan Valley 

L 

M = Migrant all year Fm = Fall migrant R = Resident 

26 March 1996 1236 ANNEX 1 - 3 



ANNEX 2. 

List o f~mphlb lans ,  Reptiles and Mammals Wkely to Ormr lo the 
Vicinity of the Project 

AMPHIBIANS 

Green Tree Frog Hyla savignyi 

March Frog Rana ridihunda 

Green Toad Bufo virdis 

REPTILES 

Turtles 

Mediterranean Tortoise Tesludo graeca 

h r d s  

Common Agama 

Starred Agarna 

Bridled Skink 

Chameleon 

Lobe Footed Gecko 

Elegant L i i r d  

Snakes 

Egyptian Sand Snake 

European whip snake 

Spotted Whip snake 

Tessellated Water Snake 

Palestine Viper 

Scaled Viper 

Agama agama 

Agarna slelio 

Mabuya vittatta 

Chamaelon chamaelon 

Ptyodac~ylushasselquis~ii 

Ophisopselegans 

Eryxjaculus 

Colulxrjugularis 

Coluber ventromacula~us 

Natrix tessellata 

Viperapalaeslinae 

Echis coloratus 

MAMMALS 

1 
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ANNEX 2. 

List of Amphibians, Reptiles and Mammals Likely to Occur in the 
Vklnlly of the P ~ j e c t  

H e d w h w  

European Hedgehog Erinaceuseuropaeaus 

Shrews 

LesserWhite-toothedShrew Crociduramonacha 

Bats 

Egyptian Fruit Bat Rousettusae~pticus 

Greater Rat-tailed Bat Rhinopoma microphylum 

Rodents 

Common Mouse 

Golden Spiny Mouse 

Common Rat 

Palestine Mole Rat 

Indian Crested Porcupine 

Csrn ivom 

Egyptian Mongoose 

Marbeld Pole-cat 

European Badger 

Red fox 

Jungle Cat 

Wild Cat 

Wild Boar 

Mus Murulus 

Acomys russatus 

Ra t~us  rattus 

Spalax leucodon 

Histryxindica 

Herpesreschneumon 

Vormelaperegusnasyriaca 

Melesmeles 

Vulpesvulpes 

Felis chaus 

Felis silvestristristramii 

Sus scrofa 

im 
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ANNEX 3. 

List d Fish and Aquatlc Fauna Llkely to Occur ln the Vklnlty d the Row 

Fish 

Barbus canis 
Aeanlhobrama essneri 

m 

26 March 19% 1648 

Bythinia badiella 
Melanoides~uberculala 

Lymnea paluslris 
Psedamnicola solitaria 

Hydrobialaclea 

Ckdocera -- Water Fleas 

Ceriodaphniacormula 

Ostraeoda -- Sccd shrimps 

Decapoda -- Crabs 

Freshwater crab (Species not idenlified) 

Ischnura wansi 
Pseudadragon rnorloni 

Paragomphusgenei 
Croco~hemisar;~hica 

Zygonyxtorrida 

Hemiptera -- Water Bugs 

Nauwridae 
Nolonectidae 

Veliidae 

ANNEX 3 - 1 



Annex 4. 
Moolbly A v e n g e  EC's and IFstlma~d MUog Rnlbs of KAC-n and Zuga  River Water from 

A b u  ZeQban C a d  for 19901995. Sbowing Estlmulcd EC UProJect bad been OprrUI1g. 

JVA Monthly Aver- 
Z.ma Rlvu KIWI AM- C a d  

U C  
KTD 

I(lp Tau  
Dan 

(d*) 
2.16 
2.m 
2.58 
2.78 
2.73 
1.76 
2 . 3  
2.24 
1.79 
1.74 
186 
2.10 
2.35 
2.61 
2.52 
1 .50 

1.15 
1 .a 
110 
1.12 
1.26 

1 1.25 
1.23 
1.24 
1.31 
1 . n  
1 84 
2.10 
1 .a 
1 m 
158 
1.57 
1 .m 
1.61 
1 .58 
1 .72 
1.90 
2.13 
2.12 
2.44 
2.61 
2.58 
1.95 
2.02 
2.02 
2.01 
210 
2.r) 
2.43 
3.m 
2.28 
1.90 
1.73 

KAc* 
mrm KTD 

(-) ( m a ) '  
(d*) (d*) 
0.81 2 09 
0.92 2.28 
1.40 2.58 
088 2.78 
0.92 264 
0.91 1.76 
0.93 2.17 
0.89 1.75 
0.89 1.79 
091 1.74 
0.93 1 .86 
085 2.10 
0.93 2.35 
098 2.61 
0 %  2.52 
0.77 1 fiO 
054 
0.49 
0.51 1 .m 
0.78 110 
0.93 1.12 
0.96 1.26 
0.90 1.25 
0.92 1.23 
0.92 1.24 
096 1.31 
0.93 1 77 
0.71 184 
0.63 1.76 
0.66 1 m 
0.75 1 .W 
0.82 158 
088 1.57 
0.89 1.60 
0% 1.61 
0.85 1 .58 
090 1.72 
0.93 1.90 
0% 2.13 
0.92 2.12 
0.90 2.44 
088 2.62 
0.93 2.58 
091 1.95 
096 2.02 
0 %  202 
0.92 2.01 
0.93 2.20 
0.93 2 . 3  
093 2 43 
0.95 3 m  
098 2 28 
0 81 190 
0 57 in 



Annex 4. 
Monlhly Average EC's and Ecllmated hlixlng Ralbs 01 KAC-n and h r q a  Rlrer Water bum 

Abu Wgban Canal lor 1990-1995. Showing Eslirnaled EC il Rojecl bad heen Operating. 

JVA M m t h ~  Av8r.g- 
Zama Rtvq K h  A W u M  Cuul  

Azc 
KTD 

rCnp Taw 
Dm 
1 .40 
1 .40 
1.38 
1.55 
1.45 
1 M 
1.57 
1.52 
2.m 
2.08 

Abu 
zsohn 
M 
2.28 
2.26 
2.63 
2.29 
2.37 
2.15 
2.18 
2.02 
2.79 
2.71 

KAC* M W  E- 
m KTD KAC* R.tl0 Ec* 

(s4"dm) (smded)' (smbd.d)' (KACIAZC)' Pm,cd 
0.71 140 2 18 0 07 135 
0.83 140 2 10 0 13 1.34 
084 138 2.63 om 138 
0.84 155 2.29 om 155 
0 87 1.45 2 15 0 17 1.35 
0.87 1 M 2.15 om 1 M 
0.90 1 57 190 0.28 1.42 
0.89 1.52 1.92 010 1.46 
0.m zm 1.97 0.75 1 M 
0 85 208 1 80 1 .48 1.35 

mean 1.88 2.41 1 %  0.87 188 1~94 0 70 180 433 



ANNEX 5. 

Analysb of Estimated Farm-Level Economic Returns (JD) 
Resulting from Project Implementation 

INPUT DATA FOR CROP PRODUCTION ESTIMATION MODEL 
~(D(MIIOI( - 

FYU)CROPS 1 . m  4.770 
Wh* Wh* 8 17 D 1883 76 m 2 d r y  2 1 1  1- 
Y.tn C-l. t d "  16 w 32 1891 rn 1.ml m+m 113  sR 
ou(* ~ n b n  101 7% 137 1881 m -  I =  om 
OuL Onla 1 123 1 1993 en - 2 1 8  0 2 .  
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ATTACHMENT 1 

Ministry of Tourism and Antiquities 
Dept. of Antiquities 

Ref. : W1/1/722 
Date : 14/3/1996 

i 

H. E. The Secretary Gmeral 
Jordan Valley Authority 

Kindly be info& that a site visit was condlrtod on 11/3/1996, lo check ibc 
proposed alignment for h e  Zarqa River Conveyance, by Mr. A. Abu Dayych, Project 
Manager, Heritage Resources Project, Dcpt. of Antiquities accompanied by Eng. 
Khaled Murad. Conarllant'r Representative. 

No antiquities wcrr found along h e  proposed route belrncn Hwaret Wcir rod Abu 
Zeighao Wcir, thcrcforc this department has no objalion towards thc consbwtion of 
this proj- provided that the Conlractor kecp this deparrment i n f o d  on my 
antiquities that may be found during c o w t i o n .  

Dr. Ghazi Bisheh 
General Managex 


