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ARTIFICIAL RECHARGE DATA NEEDS DOCUMENT

Water Quality Conservation and Improvement Project

Ministry of Water and Irrigation

Executive Summary

The Ministry of Water and Irrigation (MWI) is responsible for administering water policy

and managing water resources in the Kingdom of Jordan. The water resources monitoring

and management component of the Water Quality Improvement and Conservation (WQIC)

Project focuses on strengthening the MWrs capabilities in developing and managing the

water resources of Jordan. Methods for reducing water losses from natural processes (e.g.,

evaporation, runoff) and for augmenting water supplies are important for long-term water

planning and management in Jordan. Artificial recharge techniques offer the potential for

reducing water losses by enhancing ground watcr resources through increased recharge to

aquifers. This report summarizes artificial rechargc data for Jordan. The data will be used

to develop a proposal for comprehensive artificial recharge pilot studies. The survey

findings presented in this report required the extensive involvement and contribution of the

Artificial Recharge Working Group composed of representatives of the MWI.

A principal objective of t~lC artificial rechargc program is to evaluate the feasibility of

cnhancing ground watcr resourccs by increasing rccharge to ground water aquifers arid to

promote establishment of a long-tenn artificial recharge strategy for Jordan. Such a strategy

would be beneficial to the long-term water rcsources management needs of Jordan.

Artificial recharge objectives also are interrelated with other components of the water

resources monitoring and management component of the WQIC Project.

1. Scope of Effort for the Artificial Recharge Data Needs Survey

Existing geologic, hydrologic, and water resources databases and proposed or completed

artificial recharge studies and programs for Jordan were reviewed as part of the survey.

This included discussions with scientists and engineers involved with artificial recharge

projects or related studies within the Ministry of Water and Irrigation, Natural Resources

Authority, and University of Jordan. Members of the Artificial Recharge Working Group

compiled data from their respective organizations regarding generally available water
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resources databases, water monitoring system networks, geological databases, and completed

or proposed studies for artificial recharge projects. Several field trips were completed to

observe the regional geology and ground water aquifer systems, ground water recharge

areas, and reservoir sites where artificial recharge and water storage projects have been

attempted. Specific activities completed as part of the survey included:

(1) Surveying the water resources databases and artificial recharge data;

(2) Reviewing planned artificial recharge projects;

(3) Reviewing artificial recharge practices in Jordan and nearby countries; and

(4) Identifying data needs for future artificial recharge studies.

2. Summary of Findings from the Artificial Recharge Data Needs Survey

Water Resources and Geologic Databases

Substantial water resources and geologic databases exist for Jordan. These include

precipitation, evaporation, stream and flood flow, spring flow, ground water potentiometric

levels, and reservoir levels and discharges (for some reservoirs only). Several comprehensive

water resources investigations have been completed since 1950 ann provid~ more location

specific infoonation to complement the databases.

Substantial data and information regarding the geology of Jordan has been published over

the past 100 years and further studies are in progress by the Natural Resources Authority.

The existing databases support a good general knowledge of the hydrologic and geologic

characteristics of Jordan. Site specific hydrologic, geologic, water quality, and related data

needs for evaluating artificial recharge practices will depend on the sites selected for pilot

testing. Site specific geologic and geohydrologic data generally would be limited for most

potential study locations. Surface water discharge data also generally would be limited for

the subcatchments of the larger basins. Consequently I field data collection programs may

be necessary to acquire these data.

Site specific land use and ownership constraints generally are not known and these types of

information will be important to the stu~y. Access limitations also must be evaluated for

\. " \art-rch\datanced\f-doCloC. rvO 11
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sites potentially selected for more detailed assessments. Data collection efforts therefore

also must address these infonnation needs.

Planned Artificial Recharge Projects

Three artificial recharge projects currently are underway in Jordan. One project is a

component of the USAID/MWI WQIC Project. The second project focuses on capability

development and involves the Water Authority of Jordan (WAJ) as the lead Jordanian

organization. The selected site for the WAJ project is the Siwaqa reservoir. The third

project is part of a broader envirorunental study and involves the Water and Environment

Research and Study Center (WERSC) as the lead organization for the artificial recharge

component. The selected site for the WERSC project is in the Azraq Basin.

The Wadi Wala reservoir site in the Dead Sea Basin has been identified for artificial

recharge purposes and limited studies have been completed. This project is awaiting

funding. In addition, several reservoirs have. been constructed to provide potential for

recharge of stored water to ground water· aquifers. Several reservoirs have been proposed

for artificial recharge and more detailed studies are necessary.

Existing Artificial Recharge Practices

Of the existing dams, very limited data have been obtained to monitor or assess the actual

degree of recharge to the respective ground water aquifer. Based on visual observations

only, extensive recharge seems to be occurring from the Shueib, Siwaqa, and Khaldiyeh

dams. Several dams intended to be used for recharge have accumulated significant amounts

of silt and the recharge potential has been lost or seriously reduced. The storage reservoirs

behind the Sultanah and Bowaydah dams have been filled with silt and sediment and no

longer provide short-term storage capacity. Accumulation of silt will be a major factor to

be considered in the evaluation and design of artificial recharge systems in Jordan.

Except as noted for the eXlstmg reservoirs, very limited feasibility studies or pilot testing

have been conducted to evaluate artificial recharge teclmiques in Jordan. Some small scale

studies have been conducted in the Azraq Basin which also is the location of the current

study under the direction of the WERSC.

\ ... \art-rch\datanecd\f-doctoc.rvO 111

3114-95-le-002
],muary, 1995



Ministry of Water and Irrigation
Water Quality Improvement and Conservation Project

Artificial Recharge Data Needs Document

More extensive artificial recharge studies and practices have been undertaken in neighboring

countries and in North Africa. Several large artificial recharge studies have been completed

in Morocco involving the Charf Akab confined and the Haouz aquifers, Algeria involving

the Mitidja alluvial aquifer, and Tunisia involving the Souhil and Teboula coastal aquifers.

3. Recommendations for Subsequent Program Development

A proposal for conducting artificial recharge feasibility studies and pilot testing will be

developed immediately. The proposal will present the specific details for collection of

required geologic and hydrologic data and evaluation and screening of candidate sites. Once

candidate sites have been identified, detailed feasibility studies and pilot testing of artificial

recharge strategies will be completed.

The ground water basins which should be considered for high priority for artificial

recharge studies and projects are the Amman-Zarqa. Yannouk. Azraq, Jafer, and

Dead Sea (Mujib and lIasa). Ground water deficits are greatest in these areas.

However, site selection and proposed pilot study must consider the precipitation,

hydrogeologic, hydrologic, water quality, and soil regimes.

A review of the ~Iater use and availability data as well as the hydrogeologic data

indicates that the Quaternary alluvium deposits, Basalt aquifer, Rijam aquifer (B4),

Ammall-Wadi Sir aquifer (B21A7). Ilununer aquifer (A4), and Naur aquifer CA2)

represent the most impclT1ant g("0uTld \\":11"(" .1qui(cr !'YS(ClIIS which me suitable luI'

artificial recharge.

For the Kurnub and Zarqa aquifers, artificial recharge is not feasible generally

because of high salinities. These formations also typically occur at great depth in

Jordan except at a few locations. The Disi aquifer is nonrenewable and is situated

in a region of minimal precipitation.

A screening process would be appropriate for proceeding toward more detailed and

comprehensive characterization as test sites are identified and selected. Early in the

screening process, site selection criteria relating to hydrologic, geologic, and water
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31 14-95-1e-002

January 1995·



Ministry of Water and Irrigation
Water Quality Improvement and Conservation Project

Artificial Recharge Data Needs Document

quality data needs as well as land use and site assess should be established- to assist

in the evaluation of the sites.

As sites are identified and visited and site data are reviewed, various artificial

recharge techniques which may be suitable for a site should be considered.

Application of different artificial recharge techniques will require different types of

field and engineering data.

Once a site is selected for detailed feasibility studies or pilot testing, complete

meteorological and hydrologic data would be necessary to properly evaluate the

success of the pilot test.

Cooperative efforts with other govenullental and non-governmental organizations

involved in artificial recharge studies should be initiated and coordinated to develop

uniformity and consistency of methodology (as possible) to avoid duplication of

effort, to promote the exchange of infonnation, data, and ideas, and to provide a

mechanism for training and development of professionals involved in the design and

study of artificial recharge programs and projects.
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1.0 Introduction

Optimal development and utilization of water resources in the Kingdom of Jordan and

instituting associated water policy requires the establishment and implementation of several

integrated resources, infonnation, and management systems. The Ministry of Water and

Irrigation (MWI) is responsible at the national level for administering water policy and

managing water resources. The Water Quality Improvement and Conservation (WQIC)

Project provides a basis for addressing serious problems and issues identified in the

Kingdom's national water management program relative to improving water quality and

water conservation. This initial work perfonned under the WQIC Project will provide the

foundation for more comprehensive water resources planning and management. An

artificial recharge pilot study to evaluare the feasibility of enhancing growld water resources

by increasing recharge to ground water aquifers country-wide is a major component of the

WQIC Project.

1.1 Background

During 1992, the United States Agency for International Development (USAID) provided

as~istance to the Goverruuent of Jordan to develop a national water management program.

A conclusion of this study: was that the water deficit in the Kingdom of Jordan was more

serious than had been realized and was progressing toward a crisis situation. The study

recommended that priority be given to developing and implementing a comprehensive

strategy for increasing water supply and reducing water demand. The initial focus of the

strategy should be the Zarqa River basin which includes approximately 65-70 percent of the

population of Jordan.

The WQIC Project, which developed as a result of the national water management program,

provides a framework for the foundations of a comprehensive water management system,

including water quality improvement and conservation, in Jordan. The project, administered

through the MWI, is intended to promote more sustainable water conservation programs.

Although the focus of the WQIC Project activities is the Zarqa River basin, the project goals

are of national importance and the project will promote a national policy for water quality

improvement and conservation.

\ ... \art-rch\dataneed\f-docl &2. rvO 1-1
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1.2 Overview of WQIC Project and Artificial Recharge Task

The goal of the WQIC Project is to improve the overall management and conservation of

the water resources of Jordan. Objectives of the WQIC Project include: (1) improving

water quality; (2) reducing demand for water; (3) augmenting water supply; and (4) building

a sustainable water use system. The initial focus of the project is to increase and improve

the quality and quantity of water available in the Zarqa River basin.

Achievement of the goals and objectives of the WQIC Project. will be realized through the

development and implementation of several technical programs (or components). These

include: (1) water resources monitoring and management; (2) water pollution prevention

and cleanup; (3) irrigation water management; and (4) water management education. Each

~echnical program contributes to the overall goals and objectives of the WQIC Project and

each relies on water resources and water quality information available for the country and

in particular the Zarqa River basin.

The water resources monitoring and management component of the WQIC Project focuses

on strengthenmg the Ministry of Water and Irrigation's (MWI) capabilities in developing

and managing the water resources of Jordan. Several tasks of this component are related

to the collection, management, storage, and retrieval of high quality data, both water

resources and water quality. One task focuses on enl~aIlcing ground water resources by

evaluating artificial recharge of aquifers. These tasks include:

Establishing a Monitoring Network;

Upgrading and Improving the Central Laboratory;

Establishing a Water Management Information System; and

Completing Aquifer Recharge Studies.

Each of these tasks constitutes an independent subprogram of the overall WQIC Project

although the tasks are related. Detailed development and planning for each of these tasks

is presented in a separate paper or report. This document discusses the artificial recharge

component of the WQIC Project.

\ ... \art-rch\dr.taneed\f-docI &2 .rvO 1-2
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Early in the development of the artificial recharge program, a working group composed of

representatives of the Ministry of Water and Irrigation, the Water Authority of Jordan, and

the Jordan Valley Authority was established. A goal of the working group was to identify

and develop the detailed objectives of the artificial recharge program. The organizational

objectives of all participating working group members were to be met by a proposed

artificial recharge program. As a 'result of the working group's efforts, an Artificial

Recharge Objectives Statement was drafted which outlined in detail the principal objectives

for the artificial recharge program.

1.3 Artificial Recharge Objectives

The Artificial Recharge Objectives Statement (AROS) serves as the framework for

developing the overall goals and strategy for an artificial recharge program. Alternative

methods for reducing water losses t1uough natural processes (e.g., evapotranspiration,

runoff) and augmenting available water supplies in the Kingdom are important components

for water planning and management purposes. The primary objective of the artificial

recharge task is to establish a program to evaluate the feasibility of augmenting water

supplies through artificial recharge of aquifers. To varying degrees, the objectives are

interrelated with other components of the water resources monitoring and management

component of the WQIC Project.

The objectives attempt to address available water resources and climatological data, water

use demands and information, soil, geological and geomorphological data, water quality

data, institutional issues, and organizational factors which are important in evaluating the

potential feasibility of pursing artificial recharge studies. The goal is to define and develop

an artificial recharge feasibility study 'program which is responsive to the water resources

needs and water availability constraints of the Kingdom. Ultimately, an artificial recharge

program may become an integral componenr of the national water management plan so that

the water resources needs and objectives of the MWI and Kingdom of Jordan can be

achieved.

Specific objectives of the artificial recharge task are identified in Tables 1-1 and 1-2.
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1.4 Purpose of Artificial Recharg? Data Needs Document

The Artificial Recharge Data Needs Document provides a summary of the existing geologic,

hydrologic, and water resources data and previously attempted artificial recharge studies and

programs for Jordan including witllin the Ministry of Water and Irrigation, Natural

Resources Authority,· or other governmental or nongovernmental organizations. The

document attempts to summariz~ available data so that a basis for development of a

proposal for a comprehensive artificial recharge study program including pilot studies can

be completed. The proposal will present the specific details for collection of required data

and evaluation and screening of candidate sites and ultimately will lead to feasibility studies.

Following site selection, comprehensive data monitoring and collection programs will be

initiated at the selected sites. Based on the comprehensive data, fmal designs for pilot

testing artificial recharge projects at representative sites will be developed.

The scope of work for this document and the metllOds of investigation that were used to

collect tlle data are discussed in Section 2.0. Section 3.0 presents a summary of the fmdings

of tlIe survey including geologic and hydrologic data, previously attempted artificial recharge

programs, ongoing artificial recharge programs, and otller relevant infmmation. Section 4.0

presents a summary of tlle survey and recommendations for developing the Artificial

Recharge Proposal and study plans. Section 5.0 presents a lists of references and resources

used to prepare the data needs document.
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3114-95-le-002

January .1995

\ (]



Ministry of Water and Irrigation
Water Quality Improvement and Conservation Project

Artificial Recharge Data Needs Document

2.0 Scope of Work and Me~<><!.s of Investigation

Existing summaries of water resources data for Jordan and artificial recharge programs

attempted or in progress in Jordan were reviewed as part of the comprehensive evaluation

for preparing the Artificial Recharge- Data Needs Document. Members of the Artificial

Recharge Working Group compiled data regarding various aspects of water resources

availability and use for inclusion in the data needs document. Several field trips were

completed to observe the regional geology and ground water aquifer systems, gcollild water

recharge areas. and dam sites where artificial recharge and water storage projects have been

attempted. Specific details of the scope of work for the artificial recharge data needs survey

are presented in the 1994 AlUmal Workplan for the Water Quality Improvement and

Conservation Project (MWI, June 1994).

Specific activities completed as part of the scope of work for preparing the data needs

document included:

(1) Survey Ule existing artificial recharge data;

(2) Survey existing artificial recharge plans;

(3) Survey existing artificial recharge practices; and

(4) Identify artificial recharge data needs.

Specific details of the scope of work for each of these activities are discussed in Section 2.0.

The findings of the survey for these activities arc presented in detail in Section 3.0.

2.1 Existing Water Resources Data~ascs

Some artificial recharge studies have been initiated in Jordan. Generally these have been

small scale efforts for very specific purposes. TIle foundation for any comprehensive

artificial recharge program in Jordan is based in the water resources and geological

databases for the country as well as evaluations of actual and planned water uses and

deficits. The water resources and geological databases for Jordan are extensive and

generally well documented.

\ ... \art-rch\dataneed\f-docl&2.rvO 2-1
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Water resources data were summarized based on the various databases maintained by the

"MWI. The data summarizes were extracted from available reports and generally represent

water resources infonnation for the past several years. No data analyses were completed

to prepare the summaries. In addition, geological information was obtained from numerous

references and maps prepared through the National Resources Authority of Jordan. The

geological information has been extracted from these references and reports prepared by

the MWI to present an overview of the hydrogeologic setting, ground water aquifer systems,

and general hydraulic properties of the aquifers.

Section 3.1 of the data needs document presents a discussion and summary of the water

resources and hydrogeologic infonnation for Jordan.

2.2 Existing Artificial Recharge Plans

Three organizations currently are engaged in artificial recharge studies or programs in

Jordan. These organizations are the Ministry of Water and Irrigation - Secretary General

organization (Mwi), the Ministry of Water and Irrigation - Water Authority of Jordan

Studies Department (WAJ), and the University of Jordan Water and ,Environment Research
, ,

and Study Center (WERSC). For the data needs document, each organization was

contacted and the ongoing and planned artificial recharge projects were discussed. In

addition, because of the mutual inter~st in artificial recharge applications in Jordan, the

three parties are developing a cooperative arrangement for exchanging infonnation and

sharing technical resources and for minimizing duplication of effort in their artificial

recharge studies.

.Section 3.2 of the data needs document presents a discussion and sununary of the existing

artificial recharge plans for Jordan.

2.3 Existing Artificial Recharge Practices

Several artificial recharge projects have been attempted in Jordan. Reports describing these

projects and teclmical information obtained from project studies were reviewed for ~e data

needs document. Particular attention was focused on problems or difficulties encountered

\ ...\art-reb\dataneed\f-docl &2. rvO 2-2
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during the s~dies or as part of the overall artificial recharge project so that the design of

future study efforts would benefit from the earlier studies.

Section 3.3 of the data needs document presents a discussion and summary of the artificial

recharge projects previously attempted in Jordan. Several reports of these studies have not

yet been obtained. Consequently,' improvement of the existing artificial recharge

infonnation database will be an ongoing activity.

2.4 Artificial Recharge Study Data Needs

Available infonnation compiled during the conduct of tasks described in Sections 2.1,2.2,

and 2.3 were evaluated collectively to identify data or infonnation deficiencies. Data

deficiencies or data needs will need to be addressed as part of any comprehensive field

testing or study program during the artificial recharge study. Typically these data will be

needed prior to the development of site specific feasibility or pilot study plans.

Section 3.4 of the data needs document presents a discussion of the artificial recharge data

needs for planning site specific feasibility or pilot study plans.
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3.0 Summary of Information. and Findings

Alternative methods for reducing water losses from natural processes (e.g.,

evapotranspiration, runoff) and augmenting available water supplies are important

components in optimizing water planning and management in Jordan. Application of

artificial recharge techniques offers the potential for reducing water losses by enhancing

groWld water resources through increased recharge to ground water aquifers country-wide.

A principal objective of the artificial recharge program is to evaluate the feasibility of

enhancing groWld water resources by increasing recharge to ground water aquifers COWltry

wide and to promote establishment of a long-teon artificial recharge strategy for Jordan.

Such a strategy would be beneficial to the long-teon water resources management needs of

Jordan.

Section 3.0 summarizes the basic findings of the artificial recharge data needs survey for

Jordan based on the scope of work outlined in Section 2.0.

3.1 Existing Water Resources Databases

Section 3.1 presents general summaries of the basic hydrologic and geologic infonnation for

Jordan that will be important in devCiopment of the artificial recharge program and pilot

studies. TIllS infonnation includes precipitation and evaporation data, stream flow data,

hydrogeology data, and groWld water aquifer characteristics and basin data. A map

depicting key features of Jordan is presented as Figure 3-1. More than 90 percent of

Jordan is ·classified as desert with rainfall averaging less than 200 millimeter annually.

Water quality data will be addressed in more detail during the feasibility study.

Jordan has been divided into 15 surface water management regions (basins) and 95 sub

basins for water resources and water quality monitoring purposes. Figure 3-2 depicts the

water management basins and sub-basins. Table 3-1 lists the water management basins and

sub-basins. Jordan has been classified into 12 geograpllically defined ground water basins

(GTZ, 1977). Figure 3-3 identifies and depicts the locations of the ground water. basins.
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3.1.1 Meteorological Data

There are 292 rainfall measurement stations located in Jordan which are the responsibility

of WAJ. These include 34 dual precipitation and evaporation stations. Most of the stations

are concentrated in the northern and western parts of the country where the annual

precipitation is most intense. Ninety-five (95) of the stations are not working currently.

Figure 3-4 preseIlls the location and distribution of the stations and Table 3-2 identifies each

station. In addition, the Ministry of Transport maintains a network of meteorological

stations. A summary of the alUmal rainfall totals for the water year periods 1975/1976

tlrrough 1992/1993 is presented as Table 3-3. Figure 3-5 presents a distribution map of the

50 year (1937 - 1987) average precipitation for Jordan.

There are 32 evaporation stations administered under the authority of tlle WAJ. The

stations are distributed throughout Jordan. Eleven (11) of tlle stations arc not working

currently. Figure 3-6 presents the location amI distribution of the stations and Table 3-5

identifies each station. Figure 3-7 depicts the average potential evaporation for the wet

season (November - April) for the period 1975 - 1990.

3.1.2 Surface Water Data

Surface water monitoring: primarily is concerned with the Zarqa River, Yarmouk River,

Mujib Basin, and Jordan Valley and associated wadis because these represent the areas Witll

the greatest record or potential for stream flow. Approximately 60 gauging stations have

been established by WAJ. Another 30 stations have been established in the Jordan Valley

by JVA. Severat of the stations are used to measure base flow, however, most of these

stations have significant gaps in the period of record and there are no continuous records.

Four stations are still used for flood flow measurements, but flood flow at the other stations

is determined by a variety of analytical methods. Monitoring of reservoirs (e.g., King Talal

Reservoir) is administered under the surface water programs. Figures 3-8a and 3-8b present

the locations and distribution of the stations and Tables 3-6a and 3-6b identify the stations.

Surface water resources information for specific basins for the years 1989 through 1993 are

summarized in Tables 3-7 through 3-11. Long-tenn average data are summarized in Table

3-12.
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Ground water resources in Jordan typically are discussed in tenus of 12 ground water basins

(GTZ, 1977) (Figure 3-3). The lOtal number of wells in Jordan, both private and

governmental, is approximately 3,800wells. These wells serve a number of purposes ranging

from municipal water supply, agricultural .water supply, industrial water supply, as well as

for observational or monitoring purposes. Wells are being installed at an alarming rate

within Jordan as overall water supplies decrease and needs increase. Comprehensive

records of the wells installed or planned are limited because not all wells are registered with

the appropriate authorities. Most of these wells are concentrated in the Amman-Zarqa,

Yarmouk, Dead Sea, and Azraq Basins.

Approximately 110 wells have becn designated for and are used for water level monitoring

purposes. To date, 66 wells have been equipped with automatic, continuous water level

recorders. Measurement of water levels is done manually at the other wells. Approximately

150 wells have been designated for water quality monitoring purposes. Table 3-13 lists the

water level measurement wells in the monitoring network. Table 3-14 lists the water quality

monitoring wells. Figures 3-9 and 3-10 depict the locations of the wells.

Ground Water Aquifcr Systems and Hydrogeologic Data

A comprehensive discussion of the geology of Jordan is found in Bender (1974) and Burdon

(1959). Technical ground water reports for various areas of the country also present

discussions of the specific geologic characteristics of the area being investigated. The data

summarized in this section represent the collective knowledge and experience of the ARWG

representatives. The data summary is intended to be generic in focus and not specifically

referenced to the findings of the number of studies which have been conducted in Jordan.

The main hydrogeologic strata and aquifers in Jordan are:

A - Quatemary alluvium deposits

B - Basalt group

C - Balqa group (BI-B5)

D - Ajlun group (AI-A?)

E - Kurnub
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F - Zarqa

G - Disi

Figure 3-11 presents a generalized stratigraphic colunUl for Jordan identifying key

fonnations and aquifer groups. Significant efforts currently are in progress by the Gennan

Institute for Geosciences and Natural Resources (BGR) to identify ground water monitoring

systems particularly in northern Jordan. As part of this process, geologic and hydrogeologic

data obtained during installation of ground water wells are being re-evaluated to better

understand the ground water systems for purposes of establishing better monitoring

programs (BGR, 1994). Maps depicting the occurrence of various geological fonnations,

ground water aquifer systems, surface geology, and outcrop areas are presented in the

National Water Master Plan (GTZ, 197.7).

Quaternary Alluviulll Deposits

These deposits and associated aquifers are found mainly in the Jordan Valley and Sukhaneh

near Zarqa, Wadi Yutum in the south, and Wadi Araba. Generally these deposits are

exposed at the ground surface and therefore present a good potential for recharge of the

associated aquifers. The basic properties of the deposits are summarized in Table ,3-15.

Basalt Aquifer

Basalt covers approximately 11,000 square kilometers of Jardan primarily in the eastern and

northern parts of the country. The basalts are of Pleistocene Age and are composed of

massive alkali layers separated by clays, sand, and gravel. The depth to the top of the

Basalt aquifer generally ranges from 5 to 400 meters in Jordan. The recharge potential

from the land surface in Jordan generally has not been established. The aquifer outcrops

in Syria and is recharged in the Jebel Druse region of Syria. The basic properties of the

Basalt aquifer are summarized in Table 3-15.

Balga Group (B I-US)

The Balqa group includes the Amman aquifer (B2) and the Rijam aquifer (B4). The B2

aquifer is composed of chert limestone and marl with chalk. The thickness of the aquifer

varies from approximately 50 meters to more than 150 meters. Generally, it is more

practical to discuss the B2 aquifer along with the Wadi Sir (A7) aquifer. A more detailed

discussion of the AIIllIlan-Wadi Sir aquifer system is presented in the following subsection.
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The Rijam aquifer (B4) is found in the Azraq, Sirhan, and Jafer Ground Water Basins. In 

'the Iafer Basin the aquifer is composed of limestone, marl, and marly limestone. In the

Azraq Basin, the Rijam aquifer is recharged directly from the overlying basalt. The

principal properties of the aquifer are summarized in Table 3-15.

AHun Group fA I-A7)

The Ajlun group includes three aquifer systems: Wadi Sir aquifer, Hununer Fonnation, and

the A2 aquifer.

The Amman-Wadi Sir aquifer is composed of-two hydrogeologic units, the B2 (Amman) and

the A7 (Wadi Sir). The A7 aquifer is composed of carbonate rocks, limestone, marl, and

marly limestone. The thickness of the A7 aquifer varies from approximately 40 meters to

more than 250 meters in the Yannouk River Basin. In general, the A7 aquifer ranges in

thickness from 90 to 120 meters. To the southeast the A7 aquifer becomes sandier and

eventually the Ajlun series becomes one unit to the south-southeast near the lafer Ground

Water Basin.

In general, it is more practical to deal wilh the Amman-Wadi Sir aquifers as one unit since

they are hydraulically intercOIUlected. The maximum thickness of the B21A7 system is

approximately 350 meters in Azraq and ,200 to 250 1.1eters in the highlands along the east

face of the Jordan Rift: Valley. In the Yai1110uk River Basin, thickness reaches

approximately 450 meters. The main source of recharge is rainfall in the outcrop areas in

the highlands where rainfall is relatively high (250 to 500 nun/year). The main hydraulic

properties of the B21A7 aquifer system vary from location to location and are summarized

in Table 3-15.

The Hummer Formation aquifer (A4 aquifer) is composed of dolomitic and marly

limestone. The Hummer Formation is missing in the Sirhan, Hammad, and Jafer Basins.

The depth to the aquifer ranges from approximately 150 to 300 meters in Zarqa, to 244 to

800 meters in Yannouk, to 830 to 3300 meters in Azraq (Hamzah oil well). The

potentiometric surface has declined significantly in this area in some cases exceeding 40 to

50 meters. Table 3-15 summarizes the hydraulic properties of the aquifer.
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The A2 aquifer is composed of dolomitic limestone with some chert, shale
L

marl, and sandy

.. marl. Practical economic use of the A2 aquifer for ground water resources at the present

time ranges from the land surface to a dcpth of approximately 250 meters. The fonnation

outcrops in the westem highlands from Ajlun to east of Ras En Nagab. Because the A2

aquifer outcrops along the face of the escarpment below the crest, most of the recharge is

rejected as discharge from springs. Table 3-15 summarizes the hydraulic properties of the
aquifer.

Kumub Aquifer

The Kumub aquifer is composed of sandstonc with clay and silt. In the Amman-Zarqa

Basin, the aquifer is found at depths ranging from approximately 20 to 70 meters in Baq'a

due to water bearing lenses of varying dcpth to 300 meters near Sukhaneh, to 530 meters

near Zarqa, to 900 meters near Qastal. The aquifer also is found in the lafer, Dead Sea

(Mujib and Lajjon) , and Azraq Basins at depths ranging from approximately 400 meters to

more than 1,000 meters. The Kurnub aquifer outcrops near Jerash and the King Talal

Reservoir and Zai treatmcnt plant but is characterized by relatively high salinities at depth

which possibly may be influence by the underlying Zarqa aquifer. Table 3-15 summarizes

the hydraulic properties of the aquifcr.

Zarqa Aquifer

The Zarqa aquifer is composcd of dolomitic limestone, sandy dolomite, sand, shale, and

marl and underlies the Kurnub aquifer at depth. The depth to the aquifer ranges from

approximately 26 meters near the mouth of Wadi Husban to more than 300 meters below

the land surface near Baq'a. In other areas the aquifer is very deep (approximately 800

meters at Anunan to 1,100 meters at Ramtha near the Syrian border). The aquifer

thickness ranges from approximately 60 to 220 meters. The aquifer outcrops along the

eastem side of the Jordan Valley escarpment. Table 3-15 sununarizes the hydraulic

properties of the aquifer.

Disi Aquifer

The Disi aquifer is composed of coarse and medium sandstone. The aquifer occurs at

significant depth in the southeastern portion of Jordan and extends into Saudi Arabia and

is considered non-renewable. Table 3-15 summarizes the hydraulic properties of the aquifer.
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Other Ground Water Sources

. Recent interest has been expressed in the potential for ground water to occur in the Rum

Fonnation (Le., a Rum aquifer) which underlies the Zarqa Formation in the Wadi Araba

portion of the Jordan Rift Valley. This potential sandstone unit would contain water under

artesian pressure which possibly recharges the Zarqa aquifer. Exploratory drilling in Wadi

Araba has been proposed to detemline the occurrence of the formation.

Ground Water Basins

Twelve ground water basins have been designated

purposes (GTZ, 1977). These are:

Amman-Zarqa

Yarmouk

Jordan River Valley Floor

North Wadi Araba

Jafer

Sirhan

in Jordan for water management planning

Azraq

North Rift Side.Wadis (W. Arab to

W. Husban)

Dead Sea (Mujib and Hasa)

South Wadi Araba

Disi and South Desert

Hammad

These basins differ in geologic, hydrogeologic, and hydrologic characteristics, relative

stratigraphy, lithologic properties, hydraulic properties, potential and safe yield, storage, and

general water quality. Precipitation and recharge characteristics for each differ and affect

whether the basin is being dewatercd and the magnitude of any water deficits.

In some basins (e.g., Disi), the ground water is non-renewable. In the Jordan River Side

Wadis, North Wadi Araba, South Wadi Araba, Hammad, and Sirhan Basins, the annual

abstraction does not exceed the safe yield. From the perspective of artificial recharge need,

the ground water basins which are most subject to extensive abstraction exceeding the safe

yield and causing a water deficit are the Jafer Basin, the Amman-Zarqa Basin, Yarmouk

Basin, and the Dead Sea Basin.

A brief description of the ground water basins as related to potential artificial r:echarge

studies is presented below. Ground water resources data for each basin for the years 1989

through 1993 are summarized in Tables 3-16,3-17,3-18,3-19, and 3-20, respectively.
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Hammad Basin and Sirhan Basin

Presently tlle annual abstraction from these basins does not exceed the safe yield. In

addition, precipitation averages for the geographical areas within which these basins are

located are very low « 50 millimeter (nun)). The Ministry of Agriculture constructed the

Ruwaished Dam which has a storage capacity equal to 10 million cubic meters in the

Hammad Basin. Plans are to construct a second dam (Abu Hifna) in the near future.

For these reasons, the Hammad and Sirhan Basins are not considered during the initial

artificial recharge screening and feasibility studies.

North Rift Side Wadis Basin

The greatest potential for ground water in Jordan is located along and near the escarpment

east of the Jordan Valley floor. The Ajlun series aquifers consist primarily of limestone and

generally dip to the north and northwest in this area. The average annual precipitation for

the basin ranges from 400 to GOO 111m. The aquifers in the area currently are not

overdrafted. Dams constructed or plarmed for the North Rift Side Wadis Basin can provide

surface water storage capacity and are· operated by the JVA. Proposed surface water

storage sites include wadis Kufrinja, Yabis, and Rajih.

For these reasons, the North Rift Side Wadis Basin is not a high priority for initial artificial

recharge screening and feasibility studies. Consideration could be given to use the water

stored in the dams for artificial recharge purposes in nearby areas (e.g., Anunan-Zarqa,

Jordan River Valley, or Dead Sea Ground Water Basins). However, this strategy may be

costly and therefore currently is not a primary objective for the artificial recharge study

program.

Disi and South Desert Basin

Ground water in this basin is not renewable. Average annual precipitation is less than 50

nun. If storm floods do occur in the area, the predictability is low, dams would need to be

constructed, and the cost for injecting the water to the depths of the Disi Aquifer would be

great.

For these reasons, the Disi and South Desert Basin is not considered during the initial

artificial recharge screening and feasibility studies.
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Several dams have been constructed in part to provide potential for recharge of stored water

to ground water aquifers. These dams include Khaldiyeh in the Anunan-Zarqa Basin,

Shueib (Rift Side Wadis Basin), Sullanah, Qatranah, and Siwaqa (Dead Sea Basin), Ghdeer

Al Abyad (Yanllouk Basin), and Rajil (Azraq Basin). In addition, several dams are

proposed at least in part for artificial recharge (Table 3-21).

Of the existing dams potentially suitable for artificial recharge purposes, very limited data

have been obtained to monitor or assess the actual degree of recharge to the respective

ground water aquifer. Based on visual observations only, recharge seems to be occurring

from the Shueib, Siwaqa, and Khaldiyeh dams. Water stored by the dams generally is lost

more quickly than could be expected from normal evaporation rates and the loss is not due

to visual evidence of seepage under the dam or discharge from the dam. Rijal dam is too

new and essentially no data are available to evaluate actual recharge. In addition, the Rijal

site is not instrumented to accurately assess actual recharge.

Several dams intended to be used for recharge have accumulated significant amounts of silt

and the recharge potential has been lost or seriously reduced. The storage reservoir behind

the Sultanah dam has been fully filled with silt and sediment and no longer provides e'len

short-tenn storage capacity. The reservoirs of the Qatranah, Siwaqa, and Khaldiyeh dams

also are accumulating silt. Accumulation of silt will be a major factor to be considered m

the evaluation and design of artificial recharge systems in Jordan.

The three dams in the Yannouk Basin (Sama AI-Sarhan, Ghadeer AI Abyad, Bowaydah)

were constructed mainly for livestock. although there is potential for artificial recharge due

to the geological setting in outcrop areas for the respective aquiter systems. However, the

sites are not instrumented to accurately assess actual recharge.

3.2 Existing Artificial Recharge Plans

Three artificial recharge projects currently are underway in Jordan. One project is

developing out of the current data needs survey reported in this document and is funded

under the auspices of the United States Agency for International Development. The second

study is funded by the United Nations Development Programme (UNDP) and involves the

participation of Jordan, Syria, Iraq, Tunisia, Algeria, and Morocco. The third project also
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is funded by the UNDP as part of a broader environmental study for the Conservation of

.the Dana and Azraq Protected Areas and involves the cooperation of several organizations.

The University of Jordan, Water and Environmental Research and Study Center is the lead

organization for the artificial recharge component of this project.

In addition to these projects, WAJ has investigated the potential for artificial recharge to

the aquifer systems in the Mujib Basin through construction of dams in Wadi Mujib and

Wadi Wala. Two project sites have been proposed and construction is planned pending

negotiation of funding.

Mashreg and Maghreb Project

The Water Authority of Jordan - Studies Department is actively engaged in an artificial

recharge task for a project funded by the UNDP. The project titled "Current Teclmologies

in Water Resources Management in. the Mashreq and Maghreb" has the objective of

building regional teclmical capability in water Il1anagement resources through networking

of the six participating countries (UNDP, undated). These countries are Jordan, Syria, Iraq,

Tunisia, Algeria, and Morocco. The focus of the project is on training and capability

development of local water scientists, engineers, and admirtistrators with lirrtited opportunity

for comprehensive field studies and investigations.

Jordan is involved in an ai·tificial recharge project as part of the overall program and is

developing capability based on work previously done in the Maghreb (Turtisia, Algeria, and

Morocco). The artificial recharge project site in Jordan is the Siwaqa Dam, a desert dam

located in central Jordan within the larger Wadi Mujib Basin of the Dead Sea Ground

Water Basin. Some limited field studies are planned to provide data on the potential

recharge of the B2/A7 aquifer from water stored in the reservoir of the dam. A detailed

work plan is not available. Installation of monitoring wells sponsored by the WAJ Drilling

Department is anticipated in the future. The study is in progress and will continue into

1996.

Azrag Conservation Project

The Water and Environment Research and Study Center (WERSC) of the University of

Jordan is engaged in various research programs and projects relating to water resources.

Currently, the WERSC is conducting an artificial recharge study in the Azraq Basin with
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[WIding through a UNDP project (UNDP, undated). The overall focus of this UNDP_

project is environmental and water conservation issues in the Azraq Basin. However, the

artificial recharge aspects of the project will provide data and infonnation regarding the

application of the teclmology in the Azraq Basin and potentially other sites in Jordan.

TIle artificial recharge project currently is in progress. field work and instrumentation at

the project site have been completed and with the start of the rainy season field data are

being collected. The project will continue into 1995. The project document (UNDP, 1993)

identifies the scope of work for the artificial recharge component to include:

Establislunent of a research area(s) (i.e. ,compile data, prepare site including

construction of dikes, install hydrologic instrumentation, install soil/ground

water monitoring systems, install leaching testing equipment)

Collection and analysis of data and establishment of a rainfall/runoff model

(Le., surface water, meteorologic, soil, detemlination of water harvesting and

artificial recharge potential)

Assessment of use of treated waste water for artificial recharge (Le., vadose

zone and ground water quality; leaching requirements, changes in wat~r

quality due .to infiltration Of recharge water)

Establislmlent of guidelines for water harvesting through artificial recharge

practices in arid and semi-arid regions (i.e., prepare guidelines and field

investigation requirements, perform environmental impact assessments, assess

practices regarding designlconstructiontoperationtmaintenance of artificial

recharge options, conduct/participate in local and international seminars and

training courses, document study findings, prepare special publication on

guidelines)

Proposed Wadi Wala Reservoir

Abu-Obeid in a paper presented 111 the Proceedings of The Regional Semina~ on the

Potential of Artificial Recharge of Groundwater (WERSC, 1993) referenced a report

prepared by Howard Humphreys and Partners in 1992 regarding the construction of a
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proposed dam on Wadi Wala in the Dead Sea Ground Water !:3asin. Thc study presented

. a comprehensive watcr balance to evaluate and select potential sites for dams to store flood

waters for later injection by wells into the underlying ground water aquifers. A two

dimensional ground water flow model was established for the site area. The modeling

results indicated that 4.2 MCM of watcr could be injected annually into the ground water

aquifer using injection wells. IIowever, non-settleable solids would need to be treated prior

to injection of the water. More details of the study arc being researched.

The inception report for this reservoir (Howard Humphreys, 1989) presents a survey of

potential dam sites in the Mttjib Surfacc Water Basin, water availability. site characteristics

and construction constraints. Recommendations for feasibility studies at two sites one on

Wadi \Vala and the other on Wadi Mujib arc presented.

3.3 Existing ArtifiCial Recharge PI acticcs

As noted briefly in Section 3.1.4,scvcral dams have been constructed in gcological settings

with the potential for artificial rcch;nge to associated aquifer systcms. In addition, other

studics have been performed to evaluate or research the potential for artificial r~charge to

ground water aquifers in Jordan. This section prcscnts an overview of the most significant

efforts to datc in Jordan f~)1 studying or evaluating the potential application of artificial

recharge technology and pIactices. A confcrcnce was held in Amman in December 1993

sponsored by the University of Jordan, Water and Environment Research and Study Center

and the Canadian governmellt on the topic of ani ficial recharge of ground water. The

Proceedings of The l~cgional Seminar on The Potential of Artificial Recharge of

Groundwater (WERSC, 1993) prescnts a number of papers which outline conceptual and

theoretical considerations relating to hydrologic and hydrogcologic conditions as well as

decision theory, multiobjective planning, and legal and administrative topics relevant to

ground water aquifer artificial recharge practices.

3.3.1 AlllIll£Ul-Zarqa Basin

Khaldiyeh Reservoir

Kilalli (1985) reported an attempt at artificial recharge in Jordan at the Khaldiyeh reservoir

in the Anunan-Zarqa Basin. Data for volumc storage and losses for the Khaldiyeh reservoir
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for several months in late 1984 and early 1985 were reviewed to detennine potential

infiltration rates to the associated ground water aquifer. Of the 0.78 MCM filling the

reservoir over the 30-31 October 1984 flood event. approximately 0.40 MCM was estimated

to have infiltrated to the aquifer by 31 December 1984. Approximately 0.35MCM remained

in storage and the balance of 0.03 MCM was lost to evaporation. Further efforts at

evaluating the potential artificial recharge at this site have not been attempted.

Abu-Obeid in a paper presented ill the Proceedings of The Regional Seminar on the

Potential of Artificial Recharge of Groundwater (WERSC. 1993) indicated that a pilot

project was planned to study injection of water stored in the Khaldiyeh reservoir to the

underlying aquifer. A 20-inch production well and associated piezometers were installed

near the intake of the dam and a pumping test was performed to establish the parameters

of the aquifer. Prior to pilot testing injection of water to the aquifer. however. technical

problems associated with the degree of suspended solids in the water were encountered and

the pilot test was not performed.

During a field trip to the site on 1 November 1994. thicknesses of silt and sediment in excess

of one meter were observed in the bottom of the reservoir. The sediments had dried

creating large. deep cracks and fissures and the sediments had solidified and hardened to

a siltstone-like lithology.

3.3.2 Dead Sea Basin

Qatranah and Sultanah Reservoirs

Al-Labadi (1993) reported on past water harvesting projects in Jordan with particular

attention to the water resources. land classifications. and related agricultural suitability from

construction and operation of the Qatranah and Sultanah dams within the Wadi Mujib

system of the Dead ~ea Basin. The objective of constructing these dams was to reduc~ the

flooding of extensive areas of cultivable land and to promote the infiltration of the runoff.

water into the soils for later use by crops. The annual rainfall over the catclunent areas is

approximately 100 mm and rainfall patterns and intensity are erratic. However. rainfall

intensities for these types of areas typically are high.
,
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In general, the flood waters impounded by the dams greatly exceeded the expectations which

'. again higWights the highly variable and erratic nature of rainfall events in arid areas. Low

level earthen dams may need to be constructed on upstream subcatchments to reduce the

velocity of the runoff water, excess water and sediment load, and to prevent reduction in the

life of the main dam and reservoir. Because the projects are not typical of irrigation

fanning, consideration needed to be given to how land should be brought into use. A

scheme was developed to prioritize agricultural practices on land impounded in the

reservoirs.

During the visit to the Sultanah reservoir. in October 1994, the reservoir was observed to be

full of silt (to the top of the spillway). Bulldozers and heavy equipment had been used in

the past to remove silt from the reservoir and piles of removed silt can be observed on the

landscape beside the dam.

Siwaga Reservoir

AI-Momani et al. (1994) reported on the influence of the Siwaqa dam on recharge to ground

water aquifers within the Wadi Mujib system of the Dead Sea Basin. The catchment area

is approximately 450 square kilometers and precipitation averages approximately 130 mm

annually (57.6 MCM). Hydrologic studies were reported to indicate the flood flow for

storage would be approximately 2.5 MeM. The Siwaqa reservoir is constructed into the

underlying Wadi Sir Formation (A7 aquifer) which is approximately 120 meters thick in the

area. The saturated thickness of the aquifer ranges from approximately 100 to 120 meters.

Declines in the potentiometric surface of the A7 aquifer in the area were reported to have

reached 16 to 18 meters at Siwaqa well #2 from 1986 to 1992. Data collected during 1993

and 1994 shortly after the dam became operational indicated a rise in the potentiometric

surface of approximately five to eight meters for wells in the immediate vicinity of the dam.

The reservoir of the dam covers the former Siwaqa well #2. Ground water quality data

were reported to indicate fluctuations in specific conductivity. However, the data were not

sufficiently complete to make any definitive conclusions.

Substantial additional investigation has been recommended at the site to better assess the

artificial recharge potential from the reservoir. The area needs to be instrumented with a

surface water gauging station, additional observation or monitoring wells, water level
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recorders, and flow meters on producti~n wells. The artificial recharge potential of the

Siwaqa dam currently is being studied. by the WAJ - Studies Department under funding from

the United Nations Development Progranune.

Proposed Wadi Karak Weirs

Salameh (WERSC, 1993) briefly discussed the potential for artificial recharge to ground

water aquifers in Wadi Karak based on hydrologic conditions in the surface water basin.

Four sites were identified where weirs could be constructed. The preferred sites were

located where the geologic conditions are characterized by joints and fractured limestone

and dolomite. Potential infiltration rates were computed for the four reservoirs created by

the weirs based on the data obtained from the study conducted in the Muwaqqar catchment.

Use of weirs for artificial recharge to ground water aquifers was advocated because of the

reduced potential for negative environmental effects compared to large dams and because

of the potential for minimizing soil erosion and desilting retained waters. .J

3.3.3 Azraq Basin

Several papers were presented at The Regional Seminar on the Potential of Artificial

Recharge of Groundwater (WERSC, 1993) regarding artificial recharge considerations and

potential practices in the Azraq Basin. Riinawi et al. (WERSC, 1993) d;scussed the physical

characteristics pertinent to artificial recharge practices and the occurrence of these factors

in the Azraq Basin. Based on the comparisons, they recommended deep, long narrow

trenches filled with basalt boulders and gravel and volcanic ash as an appropriate method

to induce artificial recharge in the Azraq Basin. As noted previously in Section 3.2, a

UNDP funded study regarding ecological and envirorunental factors in the Azraq Basin is

in progress and artificial recharge is a component of that study.

Muwaggar Catchment

Awwad et a1. (WERSC, 1993) discussed water harvesting teclmiques for promoting artificial

recharge in the Azraq Basin and referenced a 1988 - 1991 study in the Muwaqqar catchment

of the basin. More details of the study are being researched.

Saleh et a1. (WERSC, 1993) discussed an optimization teclmique using dynamic

programming to obtain the optimal strategy for artificial recharge from a network of
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reservoirs (three small dams each with a capacity of approximately 15,000 cubic meters) in

the Muwaqqar catclunent of the Azraq Basin to the underlying ground water aquifer. The

modeling effort considered a seven month period including crop water demands for wheat

and barley. A seven month period was used because it best represented the rainfall and

runoff pattern for the area (i.e., no rainfall in the summer) and to allow for removal of

sediments which have accumulated at the bottom of the reservoirs and which would reduce

infiltration rates.

Salameh (WERSC, 1993) discussed .in more detail the ground water artificial recharge

project in the Muwaqqar catchment of ~e Azraq Basin. The infiltration potential from

three small dams (essentially weirs) each with an approximate storage capacity of 15,000

cubic meters was assessed over a period of several years from 1987 to 1990. Infiltration

rates were computed based on hydrographic measurements of the water levels in each

reservoir and average evaporation rates for the period of study during which the reservoirs

contained water. The infiltration rates were noted to decrease from the beginning of the

rainy season to the end of the season. The decrease in the infiltration rates was believed

to result as a consequence of the accumulation of silts in the bottom of the reservoirs.

Infiltration rates generally approached a IClw-end value of lxlO-s centimeters per second

(em/sec) which was considered probably to be representative of the permeability of the silt

sediments.

Over the study period, the calculated amount of recharge was reported to be several times

greater than the storage volume of each reservoir indicating that the reservoirs were

effective in promoting recharge to the ground water aquifer. The study was reported to

demonstrate that rainfall intensities of less than one millimeter per hour (mm/hr) did not

result in any runoff. Intensities greater than two mm/hr resulted in runoff over the entire

basin. Silt accumulation in the basins was measured and for each flood event, each meter

depth of water was detennined to result in the deposit of 1.5 cm of silt composed of clayey

materials, limestone, dolomite, and sandstone. Infiltration tests were conducted in excavated

areas of the catclunent using runoff. The tests indicated that for shallow « 60 cm) and

deep (100 cm) excavated areas, infiltration rates decreased over time by 30% to 80% as a

result of the accumulation of silt. The' deeper excavated areas generally had the. greater

infiltration rates over the period of time.
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Wadi AI-Butum

Otova and Ayed (1988) presented a' detailed conceptual design for an artificial recharge

project in the Wadi Ai-Butum catchment of the Azraq Basin. The basic concept for the

project was the construction of a 12 meter high earthen dam with settling tanks, an injection

well system, and three eight meter deep subsurface dams constructed in the alluvium

downstream of the main dam to be used for storage of water. Essentially, sediments in the

water received by the main earthen structure dam constructed across the wadi would settle

out and then would be transferred to behind the underground dams by a subsurface system

or by injection wells. Water also would be stored in the Rijam aquifer (B4) which underlies

the alluvium and outcrops in the area. Injection wells would be used to recharge the Rijam

aquifer.

Comprehensive hydrologic analyses were completed to detennine runoff and flood flow

potentials and discharge volumes. Because of the lack of actual hydrologic data, synthetic

hydrographs and flood frequency analyses and double mass curve comparisons were

computed using Soil Conservation Service teclmiques for the hydrologic evaluations. The

proposed strategy for using water from the system was first from the B4 aquifer, then from

the main reservoir, and lastly from the subsurface reservoirs creat~d by the underground

dams.

3.3.4 Jordan River Side Wadis

Shueib Reservoir

El-Naser and Gedeon (WERSC, 1993) briefly discussed some qualitative observations

regarding the Shueib reservoir and the implication with respect to anificial recharg~ of the

underlying aquifer. The Shueib reservoir catchment area is approximately 185 square

kilometers and the mean arumal precipitation ranges from approximately 200 to 600 nun.

The site area is underlain by aquifers of the Ajlun group and has been SUbject to faulting.

Ground water potentiometric data for a downstream observation well have indicated a rise

of approximately 28 meters over a period of 12 years. The increase in the potentiometric

surface is believed attributable to the reservoir. In addition, for some downgradient wells,

water quality has improved over the years with a decrease in the salinity.
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3.3.5 Sites in Other Countries in the Middle East

AI-Hiebe in a paper presented in the Proceedings of The Regional Seminar on the Potential

of Artificial Recharge of Groundwater (WERSC, 1993) referenced several artificial recharge

projects conducted in North Africa. These included projects in Morocco involving the

Haouz aquifer, Algeria involving the Mitidja alluvial aquifer, Tunisia involving the Souhil

coastal aquifer, Morocco involving the Charf Akab confined aquifer, and Tunisia involving

the Teboula coastal aquifer. More details of these studies are being researched.

Sadek et al. in a paper presented in the Proceedings of The Regional Seminar on the

Potential of Artificial Recharge of Groundwater (WERSC, 1993) referenced preliminary

artificial recharge testing conducted in Beirut, Lebanon in the late 1960s. The purpose of

the testing was to study the potential for winter storage of excess water for use during the

dry season and to reduce the potential for sallwater intrusion in the coastal area. Only

preliminary testing was completed and significantly more studies are needed to explore the

application of artificial recharge in this area.

Attia in a paper presented in the Prot::eedings of The Regional Seminar on the Potential of

Artificial Recharge of Groundwater (WERSC, 1993) mentions that two pilot sites have been

identified in Egypt to evaluate the potential for artificial recharge. One site is adjacent to

the Mediterranean coast and the second site is within the Moghra aquifer. More details of

any proposed studies are being researched.

AI-Muttair et al. (1994) reported 011 the management of recharge reservoirs and dams in

Saudi Arabia. Five management strategies were used for two recharge reservoirs in central

Saudi Arabia to attempt to increase the ground water recharge efficiencies. Comparisons

of the strategies on recharge efficiencies were conducted using simulations. The strategy

based on silt removal and scratching the bed of the reservoir was reported to substantial

increase the recharge efficiency.

3.4 Artificial Recharge Study Data Needs

The water resources databases for Jordan demonstrate significant hydrologic data that would

be critical for evaluation of potential artificial recharge projects. Substantial data and
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infonnation regarding the geology of Jordan have been published over the past 100 years

and further studies are in pfogress by the Natural Resources Authority. Several

comprehensive water resources investigations have been completed since 1950 which would

provide more location specific information to complement the databases. In general, the

existing databases support a good general knowledge of the hydrologic and geologic

characteristics of Jordan.

This subsection outlines the basic data needs that generally would be required to proceed
with field implementation of artificial recharge practices.

3.4.1 Data Need Objectives

Objectives for the artificial recharge task of the WQIC Project have been established as

outlined in Section 1.0and listed in Tables 1-1 and 1-2. Specific hydrologic, geologic, water

quality, and related data needs for evaluating artificial recharge practices will depend on the

sites selected for pilot testing. Site specific geologic and geohydrologic data generally would

be limited for most potential study locations. Surface water discharge data also generally

would be limited for the subcatchments of the larger basins. Consequently, field data

collection programs may be necessary to acquire these data.

Once a site is selected for detailed feasibility studies or pilot testing, complete

meteorological, hydrologic, and water quality data would be necessary to properly evaluate

the success of pilot tests.

3.4.2 Meteorological Data Needs

The meteorological databases (i.e. ,precipitation. and evaporation) are based on long records

of· data. As such, the databases generally provide the necessary meteorological data

required for artificial recharge evaluations. Further analysis of existing data may be

necessary to evaluate such factors as rainfall duration and intensity variations and resulting

flood flow discharges for specific water basins. These analyses and evaluations would more

properly be completed during site screening and detailed site characterization.
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3.4.3 Hydrologic Data Needs

Stream flow measurements for some wadis are of long duration. In recent years the

recording equipment for several stations has been lost to floods or is no longer working.

Several comprehensive water resources investigations have been completed since 1950 which

would provide more location specific infonnation to complement the databases. Further

analysis of existing data or additional data collection would be necessary to evaluate such

factors as flood flow discharge rates for smaller wadis or catchments, suspended sediment

loads in floods, and potential flood flow occurrences suitable for artificial recharge

applications. These analyses and evaluations would more properly be completed during site

screening and detailed site characterization.

3.4.4 Geologic and Soil Data Needs

Geologic data are fairly comprehensive for Jordan. Site specific conditions, however, would

require a field survey and probably more detailed investigations. Further analysis of existing

data or additional data collection would be necessary to evaluate such factors as the geologic

structure, outcrop areas, and soil conditions. More detailed evaluations of geologic, as

necessalY, typically would be conducted concurrently with geohydrologic investigations.

These analyses and evaluations would more properly be completed during site screening and

detailed site characterization.

3.4.5 Geohydrologic Data Needs

Ground water potentiometric data are fairly comprehensive over the past several ·years for

the major aquifers and well fields. Several comprehensive ground water resources

investigations have been completed since 1950 which would provide more location specific

information to complement the databases. More detailed evaluations of geohydrologic

conditions would be necessary to properly evaluate such factors as depth to the aquifer,

aquifer thickness, hydraulic head relationships, and the hydraulic properties of the aquifer

for a specific location. These analyses and evaluations would more properly be completed

during site screening and detailed
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3.4.6 Land Use and Ownership Constraints

Land use and ownership constraints generally are not known and these types of infonnation

will be important to the study. Agricultural land or important enviromnental resources

should not be affected by artificial recharge practices. Similarly, artificial recharge projects

typically would not be suitable for major urban areas. Infonnation and data collection

efforts therefore must address these infonnation needs.

3.4.7 Site Access Constraints

Access limitations must be evaluate~ for sites potentially selected for more detailed

assessments. In addition, availability of natural resources that may be needed or suitable

for the artificial project should be considered. Data collection efforts therefore also must

address these infonnation needs.

3.4.8 Water Quality Data Needs

Water quality data both relative to the ground water aquifer and potential source waters will

be important in detennining tlle suitability of water for various types of recharge programs.

Some data are .available on a regional scale for the various ground water aquifers;

However, data for specific: locations generally are unavailable and data for potential water

sources also must be obtained.
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4.0 Summary and Recommendations

The survey of the water resources data and artificial recharge practices and programs in

Jordan discussed in this document represents an initial effort toward conducting feasibility

studies and pilot testing of artificial recharge projects in Jordan. 111is forum also presents

an opportunity to establish an artificial recharge strategy for contributing to the long-term

water resources management plaruung for Jordan. The information summarized in this

document will be used to prepare a proposal for conducting an artificial recharge study as

a component to the WQIC project.

4.1 Summary

A brief sununary of the fmdings of the survey of water resources data and artificial recharge

practices in Jordan as related to potential feasibility studies is presented below.

1) Substantial water resources and geologic databases exist for Jordan. These include

precipitation, evaporation, stream and flood flow, spring flow, ground water

potentiometric levels, and reservoir levels and discharges (for ~ome reservoirs only).

Several comprehensive water resources investigations have been completed since

1950 and provide more location specific infomlation to complement the databases;

2) Substantial data and infonnation regarding the geology of Jordan has been published

over the past 100 years and further studies are in progress by the Natural Resources

Authority.

3) The existing databases support a good general knowledge of the hydrologic and

geologic characteristics of Jordan.

4) Site specific hydrologic, geologic, water quality, and related data needs for evaluating

artificial recharge practices will depend on the sites selected for pilot testing. Site

specific geologic and geohydrologic data generally would be limited for most

potential study locations. Surface water discharge data also generally would be

limited for the subcatchments of the larger basins. Consequently, field data

collection programs may be necessary to acquire these data.
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5) Site specific land use a~d ownership constraints generally are Ilot known and these

types of infonnation will be important to the study. Access limitations also must be

evaluated for sites potentially selected for more detailed assessments. Data

collection efforts therefore also must address these information needs.

6) Three artificial recharge projects currently are underway in Jordan. One project is

a component of the USAID/MWI WQIC Project. The second project focuses on

capability development and involves the MWI-WAl as the lead Jordanian

organization. The selected site for the MWI-WAI project is the Siwaqa reservoir.

The third project is part of a broader environmental study and involves the WERSC

as the lead organization for the artificial recharge component. The selected site for

the WERSC project is in the Azraq Basin.

7) Several dams have been constructed to provide potential for recharge of stored water

to ground water aquifers. Several dams are proposed for artificial recharge. Of the

existing dams, very limited data have been obtained to monitor or assess the actual

degree of recharge to the respective ground water aquifer. Based on visual

observations only, extensive recharge seems to be occurring from the Shueib, Siwaqa,

and Khaldiyeh dams.

8) Several dams intend~d to be used for recharge have accumulated significant amounts

of silt and the recharge potential has been lost or seriously reduced. The storage

reservoirs behind the Sultanah and Bowaydah dams have been filled with silt and

sediment and no longer provide short-tenn storage capacity. Accumulation of silt

will be a major factor to be considered in the evaluation and design of artificial

recharge systems in Jordan.

9) Except as noted for the existing reservoirs, very limited feasibility studies or pilot

testing have been conducted to evaluate artificial recharge teclmiques in Jordan.

Some small scale studies have been conducted in the Azraq Basin which also is the

location of the current study under the direction of the WERSC.

10) More extensive artificial recharge studies and practices have been undertaken in

neighboring countries and in North Africa. Several large artificial recharge studies
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have been co~pleted in Morocco i~volving the_Charf Akab confmed and the Haouz

aquifers, Algeria involving the Mitidja alluvial aquifer, and Tunisia involving the

Souhil and Teboula coastal aquifers. More details of these studies are being

researched.

4.2 Recommendations

The data and infonnation presented in Section 3.0 of this document summarize the status

of the water resources databases and artificial recharge plans and practices in Jordan.

Following this document, a proposal for conducting artificial recharge feasibility studies and

pilot testing will be developed. The proposal will present an outline and strategy for

screening and selecting candidate sites for detailed feasibility studies and pilot testing of

artificial recharge strategies.

Specific recollunendations for proceeding with development of the artificial recharge

proposal are summarized as follows.'

1) The ground water basins which should be considered for high priority for artificial

recharge studies and projects are the Anunan-Zarqa, Yarmouk, Azraq, Jafer, and

Dead Sea (Mujib and Rasa). Ground water deficits are greatest in these areas.

However, actual pilot study and project selection must consider the precipitation,

hydrogeologic, hydrologic, water quality, and soil regimes for a project to be

successful.

2) A review of the water use and availability data as well as the hydrogeologic data

indicates that the Quaternary alluvium deposits, Basalt aquifer, Rijam aquifer (B4),

Amman-Wadi Sir aquifer (B2/A7), Hwnmer aquifer (A4), and Naur aquifer (A2)

represent the most important ground water aquifer systems which are suitable for

artificial recharge.

3) For the Kurnub and Zarqa aquifers, artificial recharge is not feasible generally

because of high salinities. These formations also typically occur at great depth in

Jordan except at a few locations. The Disi aquifer is nonrenewable and is situated

in a region of minimal prccipita.tion.
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4) A screening process would be appropriate for proceeding toward more detailed and

comprehensive characterization as test sites are identified and selected. Early in the

screening process, site selection criteria relating to hydrologic, geologic, and water

quality data needs as well as land use and site assess should be established to assist

in the evaluation of the sites.

Site selection criteria that will be important in evaluation and screening of candidate

artificial recharge sites include:·

Need for water in basin (Le., water demand is greater than supply, ground

water deficit exists)

Adequate precipitation and acceptable evaporation rates

Adequate stream discharge or source water quantity characteristics

Low silt and suspended solids loads

Suitable geologic conditions (e.g. ,aquifer outcrop and areal extent of recharge

zone, type of surface deposits, joints, fractures, and related features which

would improve infiltration of water)

Suitable hydrogeologic conditions (e.g., shallow depth to aquifer, adequate

aquifer thickness and permeability/transmissivity, suitable hydraulic head

relationships)

Distance to :aquifer recharge zone from water source

Suitable water quality conditions (e.g., consider both the water to be used for

recharge and the effect to the aquifer recharged)

Environmental effects will be minimal or can be mitigated (e.g., consider

agricultural land, forest land, animal life)

Institutional constraints (e.g. ,land use would support artificial recharge)

Site access is feasible for required heavy equipment

Needed natural construction materials are readily available

Social conditions

Potential mining and industrial purposes

5) As sites are identified and visited and site data are reviewed, various artificial

recharge techniques which may be suitable for a site should be considered.
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Application of different artificial recharge techniques will require different types of

data.

6) Once a site is selected for detailed feasibility studies or pilot testing, complete

meteorological and hydrologic data would be necessary to properly evaluate the

success of the pilot test.

7) Cooperative efforts with other governinental and non-governmental organizations

involved in artificial recharge studies should be initiated and coordinated to develop

unifonnity and consistency of methodology (as possible) to avoid duplication of

effort, to pr~mote the exchange of information. data, and ideas, and to provide a

mechanism for training and development of professionals involved in the design and

study of artificial recharge programs and projects.
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Ministry of Water and Irrigation
Water Quality Improvement and Conservation Project

Artificial Recharge Data Needs Document

Table 1-1. Artificial Recharge Long-Term Objectives

(1) Consistent with the National Water Management Study, study the feasibility of

enhancing ground water resources nationwide by applying artificial recharge

techniques for ground water aquifers.

(2) Develop a detailed plan for and conduct artificial recharge pilot studies based on

existing infonnation and data and the feasibility study process described in the 1994

work plan.

(3) Select artificial recharge candidate sitcs based on locations with the greatest water

use demands and management deficits. As appropriate, basins with deteriorating

ground water quality should bc' considered as critical location priorities.

(4) Select artificial recharge candidate sites based on locations with the greatest potential

for producing water which may bc suitable for recharge (Le., hydrologic,

hydrogeologic, climatologic factors, water quality).

(5) Selected sites shouid be integrated into the monitoring network programs (Le., water

resources and water quality) for Jordan.

(6) Minimize duplication of effort with other organizations evaluating artificial recharge

potential for various areas of Jordan. Coordinate WQIC Project activities with these

other organizations.

(7) Integrate artificial recharge feasibility study efforts into the long-tenn water resources

planning and responsibilities for the various organizations within the MWI.

(8) Consider the use of wastewater receiving advanced treatment (Le, tertiary treatment)

for artificial recharge purposes.

(9) Promote and coordinate trauung programs which focus on increasing the technical

capabilities of Jordanian professionals involved in artificial recharge studies.
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Ministry of Watec and Irrigation
Watec Quality Improvement and Conservation Project

Artificial Recharge Data Needs Document

Table 1-2. Artificial Recharge Short-Term Objectives

(1) Survey and compile existing data for Jordan which supports the artificial recharge

program. Collect background information about existing artificial recharge studies

and plans for Jordan.

(2) Survey the hydrological, hydrogeological, land use, and meteorological data and site

characterization data available for Jordan.

(3) Survey existing artificial recharge studies and proposed study plans in order to avoid

duplication of effort.

(4) Contact other competent organizations (e.g., University of Jordan, Natural Resources

Authority) and discuss and review artificial recharge studies or plans to promote

cooperation among the organizations and to avoid duplication of effort.

(5) Survey eXlstmg artificial recharge methodologies attempted to date in Jordan.

Review project reports to develop an understanding of the difficulties encountered

and to establish a more ideal feasibility study program.

(6) Identify data deficiencies and needs required to support full development of the

artificial recharge feasibility study.

(7) Prepare an artificial recharge survey document which swnmarizes available

information to achieve data requirements and support a feasibility study.

\; ..\art-rch\dataneed\table-sl.rvO
3114-95-1e~OO2

January 1995



Table 3-1. Water Management Regions and Sub-Buins

I Woter MaUro"'••1Bul. - Bul. ud S.b-Baslo JU.k ud Siu ofArea fkmA%
ud Sub-B••I•• Id••lln...lIo. N.",ber I % .)

YARMOUK BASIN AD 6974
.Jordo. Poti 1426
S,.i.. Poti 55-48

AR&4 BBTWEENSTA770NSADJ lIND AD 1 (ADASfL() AD2 865
(JORDAN TERRITORY)
ARRA BBTWEE:N STATION AD 5 a. WADI RAQQAD AD 21 130
WADIRAQQADCATCHMENT AD 22 590
ARRA OOWNSTRBAM OF WADI RAQQAD CONFLUENCE AD 23 145

AR&4 lJPS'1RlUM OFMAQARIN STA770N (AD J) AD5 6109
SYRIAN TER.RIroRY AD51 4918
JORDAN TEJUUTORY AD 52 1191

.JORDAN VALLEY BASIN (EAST BANK) AD 780
ARRA BBTWH1lN YARMOUK RIVER a. WADI YADIS ABI2 182
ARRA BBTWH1lN WADI YABIS a. WADI ZARQA ABl3 231
ARRA BBTWH1lN WADI ZARQA a. WADI SHUEIB ABH 198
ARRA BBTWH1lN WADI SHUElB a. DEAD SEA ABI5 169

NORm RIFT SIDE WADIS BASIN AD 946
ARRABBTWH1lNWADI ARAB a. WADI ZIOLAn AB21 111
ARRA BBTWH1lN WADI ZIOUJ} a. WADI JURUM AB22 49
ARRA BBTWEE:N WADI JURUM a. WADI YADIS AB23 31
ARRA BETWEEN WADI YABlS a. WADI KUFRINJA AB24 66
WADI ARAB AE 246
WADIZIOLAB ~ 100
WADIJURUM AO 23
WADIYABIS /J{ 122
WADI KUFRINJA AI 103
WADIRAJIB AK 95

SOUTll RIFT SIDE WADIS BASIN ADa.OTIIERS 736
ARRA BETWEEN WADI ZAAQA a. WADI SHUEJB AB2S 144
ARRA BETWEEN WADIIIISBAN a. DEAD SEA AB26 56
ARRA BBTWEE:N DEIR AU.A a. JORDAN v All.EY ALO 96
WADISHUEJB AM 193
WADI KAFRE1N AN 159
WADIHlSBAN AP 88

V. ADI ZARQA. BASIN AL 4154
AR&4 BBTWEENJAlUSH ROAD IJRIDGl! AND DEm ALU AL2 341

WADI UM DANANEHR(STATION AL9) AL21 36
WADI SELAJIll (STATION AL 8) AL22 35
LOWER WADI CATCHMENTS AL23 270

WADI URQA BBTWEENSTA770NS AI. J AND AI. -4 AL3 518
WADIMURUJ AL31 27
OTIIER TRmUfARYCATCJIMENTS AL32 491

WADI URQA lJPS'1RlUMOFAIN GllAZAL (STA170N AI. 4) AL4 180
WADI ABOOUN (STATION AL 10) AL41 77
AMMAN REOlON (BETWEEN STATIONS AL4 AND ALI 0) AL42 103

WADI DHUUllL lJPS'1RlUM SUKJIANElI (STA170N AI. 7) AL 7 224)
SYRIAN TER.RIroRY AL71 415
EASTERN DESERT AREA (QA KANNA) AL72 484
LOWER CATClIMENT AL 7) 1342

AR&4 BBTWEENSUKHAN1!lI STA170NS fA 7 &A 3) AND ALII 8H
JARASH ROAD BRIDGE STA170NS (A J & A J1)

DEAD SFA BASIN C 1508
ARRA BBTWEE:N WADI ZARQA MAIN a. JORDAN v AlLEY CA 1 234
ARRABBTWEENWADIZARQAMAIN a. WADI MUlIB CA2 98
AREA BBTWE:EN WADI MUJlB a. WADI KARAK CA3 314
ARRA BBTWE:EN WADI KARAK a. WADI HASA CA4 394
WADI ZARQA MAIN cc 269
WADIKARAK CB 199

WADI MUJIB BASIN CD 6727
WADIMUJ1B CAreHMENl'ATKARAK ROAD BRIDGE CDI H88
WADIQA77UNAH CDS 1460

ARRA UPSTRBAM OF QA EL HAFIRA CDS) 1340
ARRA BBTWEE:N QA EL HAFlRA a. STATION CD 5 CD52 120

WADISULTANAHATDAMsrm (STA770NCIJ8) CD8 1088
RASTARRA CD81 577
WESTARRA CD 82 511

WADISJWAQA CD9 451
AR&4BBTWEENKARAKROADBRIDGH & UPPER 7RlBUTARY CD 11 1389
LOWER CATCHMENI"S CD3 429

ARRA DOWNSTRBAM OF KARAK ROAD BRIDOB (ST. CD I) CD31 159
ARRA BETWEEN STATION CD 4 &< WADI HIDAN CD 32 270

WADI WALAATKARAKROAD (STA770NCIJ 4) CD4 1910
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TableJ-1. Water Management Regions and Sub-Basins

I Water M.aDar..,al Baa.i.. Ba.l. aDd Sub-BIiID RaDk aDd SI.. or Ana (1uaA;1
aad Sub-Baslnt IdcnllOcaUon Number 1 ;1 J

W ADIIIASA BASIN CF 2603
AREA UPsrnI!AMOF TANNOUR (STA170NCF I) CFI 2010

EASTERN APJ!.A CF11 1620
WESTERN APJ!.A CF 12 390

LOM:R WADI HASA BE1WEENTANNOUR (CF I) AND SAF7 CF2 593

WADI ARABA NORm BASIN 0 2953
WADI ARABA VA.l..l..EY REGION OAI 874

APJ!.A BETWEEN SAFI A. WADI KHUNEIZER OA 11 75
APJ!.A BETWEEN WADI KHUNEIZER A. WADI FlOAN OA 12 212
APJ!.A BETWEEN WADI FIDAN A. WADI HUWAR 0 .... 13 468
APJ!.A BETWEEN WADI HUWAR A. WADI AIUJ3.... SOl."TH BASIN 0 .... 14 119

WADI ARABA H1l.LREGlON OA2 2079
APJ!.A BETWEEN WADI HASA A. WADI FlFA 0 .... 21 46
APJ!.A BETWEEN WADI FIFA A. WADIICHUNEIZER 0 .... 22 24
APJ!.A BETWEEN WADI KHUNEIZER A. WADI OAlIEL OA23 25
APJ!.A BETWEEN WADI OAIIE.L &. WADI OHAUBA OA24 38
WADIOlIAUBA OA2S 122
APJ!.A BETWEEN WADI MUSA &. WADI HUWAR 0A26 128
WADIFIFA DB 162
WADI KJIUNElZER DC 217

WADI KJIUNElZER lIPPER AREA DCI 175
WADI KHUNEIZ.ER LOWER. AREA DC2 42

WADIOAlIEL DO 107
WADIFIDAN DE 287
WADI BUWEJ;RIDA OF 5\3

WADI BuWE.1RIDA tIPPER CATCllMDIT OF I 258
WADI BUWElRIDA LOWER CATClIMDIT OF2 255

WADI MUSA CATClWENl' 00 165
AREA tIPSTRBAM OF PETRA 5TATlO~ 00 2. 002 77
AREA BETWEEN WADI ARABA &. STAnON 00 2 003 88

WADI }nJWAR CATClIMENT OH 245
WADIHUWAR DIll 20\
WADI HUWAR LOWER. AREA OH2 44

WADI ARABA soum BASIN E 3742
WADI 1RABA VAl.lEYREGlON EAI 550
WAVI ARABA HILL REGION EA2 869

APJ!.A BETWEEN WADI ABU BARQA &. WADI ES. SOC EA21 56
WADIES. SlK EA22 61
WADI NUKEILA AREA EA 23 45
WADI TURBAN EA 24 53
WADIOARAB.... EA 2S 105
APJ!.A BETWEEN WADI OARABA &. WADI~I EA26 198
WADI RAKIYNAllElMIR EC 210
WADI ABU BARQ.... CATCHMENT EB 141

LOWER. AREA BETWEEN 5TAnONS EB I &. En 2 EBI 63
tIPPER AREA WADI OUAOIIAN EB2 78

WADI YUl1.JMCATCHMENT ED 2323
AREA BETWEEN ST"'" ED I &. WADI ARABA VAU.EY REGION E02 46
APJ!.A UPSTREAM OF STATION ED I EOI 2277

WADIRUMMAN 1'011 1398
WADI YUrU;.I: AT STATION ED I ED 13 879

AZRAQBASIN F 13173
SYRlANPART 773
JORDANIANPART 12400

JAFERBASIN 0 12364
. JERDANAREA 01 213
REMAINDER OFBASIN 02 12151

HAMMADBASIN H \8047

DISI A S.DESERT BASIN K 6296
QAVISIAREA ED 12 1745
SOU11fERNDESERTAREA K 455\

DURRAH KI 627
SOUTII OF IAFER BASIN K2 3924

SIlUIAN BASIN 1 15733
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Table 3-2. Distribution o(Preclpitation Monitoring Stations
WAJ· Studies Department

WAJ COORDINATES STATION I OPERATIONAL

SITE NAME IDII EAST NORTII TYPE STATUS COMMENTS

I SHUNA (W.AlWl) A O'JOI 208.000 224.000 M NW

2 lISR SHEIKH HUSSEIN A 0002 2~.300 21UOO M NW

3 DAMIYA A 0003 202.»l 168.000 M NW

4 KINO HUSSEIN BR.OAUGINO ST. A0006 201.»l 143.000 M NW

5 RJ.WAHADINA OAUGING STATION A 0007 202.»l 193.700 M NW

6 AI.-TAlYlBA ABoool 217.»l 216.»l M

7 DEIR ABI SAID (SCHOOL) AB0002 214.»l 211.»l M.R

8 EL-QARN ABOOO3 2~.»l 195.3OG M NW

9 KH.EL-WAHADNEH ABOOO4 210.800 192.800 M

10 GHORKABID ABOOO5 103.»l 149.000 M

I
NW

IEvaporacon ,tltion;!'No scponteloeotions (also ABOOO1)
II KUFRAWAN AB0008 114.100 203.700 M

12 DEIR ASI SAID ABOOIO 21}.100 211.700 "
13 MUKHEIBA ADOOOI 214.000 234.000 M

I
NW

I14 HARTllA AD0002 129.»l 233.300 M

IS KUFRSAUM "00003 125.200 232.300 M I16 SAMAR ~ 224.000 231.500 '"17 UMQElS A00005 . 214.000 229.000 M.R

18 ADASIYA SCHOOL AOOOO6 207.200 230.300 M NW

19 BAQURA AOR. STATION AD0007 208.000 126.000 M NW

20 KIWUA ADOOO! 233.SOO 229.SOO M

21 IIAWWARA AOOOO9 23S,SOO 215.»l M

22 HUSH AOOOIO 233.000 210.»l M.R

23 EN NIJ£IYl ME AOOOII 236000 202.800 M.R

24 RAIoClHA BOYS SCIIOOL AOOOl2 244jOQ 211.800 M.R

25 KHANASIRA AOOOI3 2411.m 200.300 M

26 MAfRAQ POUCE POST AOOOI6 264.000 195.000 M,R

27 R11Wl AOOOl7 253.000 192.800 M.R

28 IBBIN AOOOl8 226.800 196.SOO M

29 MAFRAQ AIR PORT ADOOI9 266.600 192.»l M

30 MAQARIN GAUGING STATION ADOOlO 230.000 237.000 M

31 rn,JRRA A00021 243.300 226.600 M

32 HOSHA ADOO22 230.000 206.600 M
33 JABER MUOHAnlR ADOO2J 263.000 213.300 M

34 ADASIYA OAUGING STATION ADOOl4 210.100 231.000 M NW

35 WADI KHALlD RAlLWAY STATION ADOO2S 221.000 238.000 M NW

36 SAMtl-lRBID ADOO26 219.000 213.000 M NW

37 SAMA Ell. ROSAN EYAP.STATION ADOO27 228.700 127.900 M NW Evaporation .tltion lnJlJferred 10 Samar Evap. Sla. (AOOO34)

38 JABER·ES-SIRHAN ADOO29 262.400 213.700 M NW

39 KHALlD IBN AI.-WALEED DAM A00031 214.600 234.400 M NW

40 BAQURA MET.STATION A00032 206.300 224.300 M

41 SAMAllEYAP. STATION AOOO34 212.000 231.900 M,R.A Evapolltion .tltion

42 UNtY. OF SCIENCE ok TECHNOLOGY ADOO36 242.300 209.800 A Evapontion .!Ation

43 R.AM'IHA GIRLS SCHOOL AOOIl2 . 245.000 219.300 M NW

« lZllA'A AJ»lOO 268.000 252.000 SYRIAN

45 NAWA Al»lOI 241.000 255.000 SYRIAN

~....
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Table 3·2. Distribution orPrecipitation Monitoring Stations
WAJ - Studies Department

I WAJ COORDlNATE3 STATION I OPERATIONAL ISlTENAME (Dill EAST NORTH TYPE STATUS COMMENTS

.c6 IW'EED AD0402 235.000 265.000 SYRIAN I
~7 SANMEIN ~3 263.000 273.000 SYRIAN

48 KtJNErl1tA AD0404 227.000 280.000 SYRIAN

49 SHAHBA ~5 30'2.000 252.000 SYRIAN

$0 F1Q ~ 217.000 2~3.000 SYRIAN

51 ELHIMMA AD0407 213.000 233.000 SYRIAN

52 jm.LSHIHAB AD0408 241.000 234.000 SYRIAN

53 SUWEIOA'A AD0409 297.000 236.000 SYRIAN

54 E1NELARAB AI»lIO 303.000 238.000 SYklAN

55 RUSHElDAH AI»lII 323.000 232.000 SYRIAN

SO DARA'A AI»ll2 253.000 225.000 SYRIAN

57 MSEJFRAH AI»ll3 276.000 221.000 SYRIAN

58 BUSRALSHAM AI»lI~ 289.000 215.000 SYRIAN

59 IRBID SCHOOL AEOOOI 230.000 218jOO M.R
60 IRBIDAOR.STATION AEOOO2 230.300 217.000 M

61 KAFlt YIJllA AEOOO3 . 225.300 216.700 M

62 KAFltASAD AEOOO4 217.000 223.000 M

63 QUMEIM AE0005 219.000 219.600 R. NW

6-C WAPI ZlQI.All AFOOOI 207.300 214jOO M

65 R.IHABA AFOOO2 22~.000 2~JOO M,R

66 WADINRUM AOOOOI 206.800 205.100 M NW

67 ISHTAFEINA AHOOOI 220.400 196jOO M

68 WADI EL-YABIS AHOOO2 207.000 199jOO M

69 RAS MUNEIF EVAP.STATION AH0003 226.800 198.100 M,M NW(M) Enporltion Ilition

70 WAN AHOOO4 219.000 200.100 R

71 AlUJN POUCE POST AlOOOI 221.000 193jOO M,R

72 KtJF'PJNJA NOOO2 216.~OO 119.~ M,R

n WADI KIJFlIJNIA N0003 206.800 186.000 M NW

7~ AJUJN TEACHERS INS1TI1.ITE NOCJO.o 221.070 191.100 M NW

n AlN KHUNEIZlR ALOOOI 249.000 190jOO M NW

76 M10WAlI. ALOOO2 244.000 188j()O M

n SAL'AIdA ALOOOJ 2$2.700 InJCO M

7B lARASH Al.OOO4 134.SOO 187.soo M,R

79 KlTTA AL0005 229jOO 187.000 M

80 OIBBIN NATIONAL PARK ALOOO6 229.000 184.100 M NW

81 lARASH BR.(OLO ROAD) ALIXlO7 228.300 lnJOO M NW

82 ALUI{ Al.OOOll 237.200 174.800 M,R

83 OEJR ALLA (NRA) ALOOO9 209jOO 17VOO M NW

84 OEJRALLA AOR. STATION ALOOIO 208jOO 178.000 M

85 RUMMAN ALOOli 228jOO 174.300 M

86 SUKHNA AL0012 250.700 171.000 M

87 NAWASIF AL0013 267jOO 166JOO M

88 KHAW ALOOI4 258.000 166.000 M NW

89 ZAP..QA ALOOI5 253.000 163.100 M,R

90 RUSEIFA ALOOI6 248.SOO lS8jOO M

. .)
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Table 3-2. Distribution oCPreclpitation Monitoring Stations
WAI - Studies Department

WAJ COORDINATES STATION I OPERATIONAL ISITE NAME m" EAST NORm TYPE STATUS COMMENTS

91 SWEILIH ALOOI7 229-'00 159.000 M.R
92 JUBEIHA ALOOI8 231.000 159.200 M

93 AMMAN AIN OHAZAL ALOO20 240.800 153.000 M NW

94 AMMAN lABEL TAJ ALOO21 240.000 151-'00 M NW

95 AMMAN HUSSEIN COLLEOE ALOO22 238.200 152.000 M

96 AMMAN lABEL AMMAN (DEY.DEPT.) ALOO23 238.000 150.500 M NW

97 AMMAN LANDS OI!PAIlMENT ALOO24 238.000 150.750 M NW

9B AMMAN lABEL LUWEIBDA NRA ALOO25 237.700 150.700 M NW

99 BURMA ALC026 224.000 IBI.OOO M

I
100 SUBE1HI ALC027 216.500 173.000 M

101 RI1MEIMIN ALC02B 21$.500 16B.500 M

102 TAR QIIlA' AI.oo2~ 2HOOO 162.'00 M NW

103 RUJM ESH·SHOUK (BADRAN) ALOOJO 238.500 16'.000 M

I
NW

104 AlNZARBI AL0031 243.000 IS9.500 M ,,'W
lOS YAlUZ ALC032 237.000 160.000 M NW

106 AMMAN RADIO STATION AL0033 238.500 146.000 M NW

107 K.H.NIJllSERY EYAP.ST. (BAQ'A) AL003S 230.000 16S.4OO M,A EVlporition station

lOB PRJNCE FEISAL NURSERY ALOO36 234.500 1BO.500 M

109 AMMAN CIOARETTE COMPANY AL0031 239.900 1Sl.300 M NW

110 AMMAN ALW1HDAT AL0038 238-'00 149.000 M NW

III ABUHAMIO ALOO39 233-'00 165.000 M NW

112 W.11M AL-OANANIR ALOO4O 227.300 165.900 M NW

113 .-\IN AL-BASHA ALOO41 228.Boo 162.800 M NW

114 AMMAN lABEL AMMAN (NRA) ALOO42 235-'00 151.300 M NW

115 /ABU ALANOA ALOOO 241.300 145-'00 M

116 MAJOAL ALOO44 229.300 181.700 M

111 UM1ATJV,. ALOO45 220.000 167.000 M

liB EL-'AL AL0046 228.600 136.300 M NW

Jl9 SIHAN AL0047 221.600 171.800 M

120 JCHALOIYA ALOO48 276.000 111.000 M

121 QASR EL-HALLABAT AL0049 275.400 \61.200 M,R

122 QAFQAFA AL0050 238.800 19S.300 M

123 WADIZARQAOAOOINOSTATION AL0051 232.300 180.400 M NW

124 BEIR EL-AD'AM ALCOS2 261.200 150.200 T

12' KINO TALAL DAM (DURMA) ALCO'3 22B.6OO 178.000 M Ev.poration .totion (IVA)

126 HASHIMIYA ALOOS4 155.200 171.700 M

127 WADI OHULEIL NURSERY ALOOSS 271.000 \74.000 M

128 WADI ES-SIR (NRA)YARC ALOOS7 230.200 1Sl.6OO M.R

129 SABHAAND SUBHIYEH AL0038 291.Boo 194.000 M

130 11M EI,JUMAL EYAP.STATION ALC059 276.800 190.400 M,R,A Ev.poration .totion

131 KHIRBET ES SAMRA EYAP.ST. ALOO66 238.250 113.500 M,A Evaporation I!ltion

132 SALKHAD AL0400 311.000 211.000 SYRlAJ'

133 SALT AMoool 219.000 160.500 M.R
134 W.sHU,ElB AOR.STATION AMOOO2 218.000 m.Boo M

135 W.sHU,ElB KM.•' AM0003 217.000 151-'00 M NW

"./
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Table 3·2, Distribution of Precipitation Monitoring Stations
WAJ· Studies Department

I WAJ COORDINATES STATION OPERATIONAL

SITE NAME m. EAST NORTII TYPE STATUS COMMENT3
I

136 SHUNET NIMRIN EVAP.ST. AM~ 209.~00 146.000 M NW Evapo..tion station', lnluremd 10 South Shuna (AM 0007)

131 HUMMAR AMOOOS 221.000 1~8.800 M

138 IRA AMOOO6 213.000 151000 M

139 soum SHUNA(W.SHUlB DAM EV.sn AM0001 210.~ 146.000 M,M Evapontion stlbon

140 KAFRErN ANOOOI 213.800 140.000 M

141 WADIESoSIR AN0002 221.S00 ISI.000 M

142 NA'UR AN0003 228.~ 142.~ M.R

143 ADASIYA lANOUBIYA AN~ 222.100 140600 M NW

144 KAFRErNDAM ANOOOS 213800 IJH~ M NW

I 14~ ER'RAMA I APOOOI 214.800 137.000 M NW

I 146 KHANZJRA (TAIYBAT EL·KARAK) I CAOOO2 107,300 051.800 M.R

I 147 MUREISElJ Ch0003 200300 O(,()~ M NW

148 AlY CAOOO4 211.000 060.300 M.R

149 AL-AlNA CAOOOS 224000 042.::xJ M NW

150 MUHAI CAOOO6 231.800 04000 M

lSI MADABA CCOOOI 225Joo . 12~000 M.R

152 MA'rN CCOOO2 219.900 I:08:xJ M l'<"W

IS3 MUSHAQQAR EVAP ST. CCOOO4 .226.200 132.900 M,M EVipontion sution

154 SAHAB COOOOI 245000 142.SOO M

I~~ YADUDA CD0002 236.SOO 139.SOO M NW

156 EJ...MUWAQQAR COOOO3 2~S.000 136.JOO M

151 BEIR EL·:nJNEIB CD0004 239.~ 130:xJ M NW

IS8 11ZA COOOO~ 241.000 123000 M NW

159 WADIWAl.A COOOO6 223.000 107.SOO M,R

160 DHIBAN COOOO1 224.000 100.800 M,R

161 WAD! MUlIB OAUOrNO STATION CD0008 226.SOO 950000 R

162 HEMUD CD0009 216.000 0711000 M

163 RABBA COOOIO 220.SOO 015.SOO M,A Evaporation slabon

164 QATRANA POLICE POST COOOll 249.~ on.JOO M.R

16~ BIRHAFIRA COOO12 26~000 060000 M NW

166 MAlAR COCOl3 216.m OS2000 M,R

161 QASTAL COCOl4 239.000 I28.J:xJ M NW

168 DHABA' NURSERY COOOl5 2~.SOO 111.600 M,R

169 lUDhYDh COOOl6 211.SOO 105.000 M.R

110 UM EL·R1SAS COOOl1 237.500 101.000 M

111 KHANEZ-ZABEEB COCOl8 155.000 097B:xJ M NW

In 1ADA' COCOl9 222.000 089.~OO M

113 SrwAQA EVAP' STATION CD0020 2S3100 086.800 M NW Evapo..tion station (<lased)

114 MANZJL CD0021 241.000 051.500 M NW

115 QASR EJ...MUSHEISH CD0022 254.000 038.000 M NW

116 QASREVAP. STATION CD0023 221.000 080.900 M NW EV1po..tion station; lnNrerred to Rabbah (CD 0010)

111 YADUDAFAHlDABU lABER CD0024 236.~ 139.500 M

118 UMEL-AMAD CD0025 235.000 132.000 M NW

119 EZ-ZE1TUNAEVAP. STATION CD0026 23~.700 129.100 M NW EvapoBtion station; lnluremd to Mushlqqar (CCOOO4)

180 ZABAYIR EL-ADWAN CD0021 236.000 128.000 M NW
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Table 3·2. Distribution or Precipitation Monitoring Stations
WAJ - Studies Department

I I
WAJ I COORDINATES I STATION I OPERATIONAL IStTENAME 10'" EAST I NORm TYPE STATUS COMMENTII

I

181 MULEIH C00028 228.000 110.900 M

182 SIRFA CD0029 212.m 081.600 M

183 lABEL ABU HALLUFA CDOOJO 2n.9OO 086.000 T

184 WADI EL·IINZ CDOO31 276.000 054m T

185 UM AL-KJNDOM CDOO32 233.800 138.900 M NW

186 IABELSAKHlUYAT CDOO33 274.000 026.600 T

187 QA11l.ANA EVAP. STATION CDOO34 249.m 071600 M.A
I

NW(M) Evapontion station

188 RAKlN CEoool m.m 010.000 M

189 AIN BISAS CEOOO2 213.500 061.800 M.ll I
II

190 RAS ABU HAMMUR CE0003 220.000 066.000 M

I
NW

I191 KARAl( CEOOO4 217.000 066.000 M.R

192 QABRMADHA CEOOO5 234.000 069.300 M NW

193 GHOR ES-SAFJ P.POST CFOOOI 194.800 049-SOO M I
194 QAJ.:AT AL-HASA CFllOO2 239.000 021.800 M

I
~W

195 1URF ED-DAllAWISH CF0003 233.000 011.800 M.R

196 LA'ABAN CFOOO4 211.000 03S.000 M I !'<W

191 HASA POUCE POST CFOOOS 243.000 02S.8:IO M hW

198 GHOR ES-SAFI MET. STATION CF0006 193.000 OS 1.000 M.R.A EYlp<mtion.tation; Potuh Compony .tation

199 HASA EVAP. STATION CF0007 243.600 030600 M.R EYlp<mtion .i-tion

200 HASA GAUGING STATION CFOOOS 220.400 041.600 R

201 SHAlIIlAIC SCHOOL DAOOOI 202.000 992.000 M

202 SHAlIIlAIC AGR.STATION DAOOO2 2OO.m 99I-SOO M

I203 BEIR. ED-DABBAGHAT DAOOO3 198000 980000 M

2().1 IFIEU DAOOO4 209.000 994.000 M

205 UNE1ZA RAILWAY STATION DAOOOS 226-SOO 989.000 R

206 AL-IlUSElNlYA SCHOOL DAOOO6 226.200 999.400 M

207 FEEDAN DA0001 181.300 003.7$0 M EV1pontion station

208 TAFILE DBOOOI 208.000 027-SOO M.R
209 PRINCE HASAN NURSERY (ABUR) DB0002 218.200 023.300 M.R
210 BUSEJRA DCOOOI 208.000 011.000 M,R

211 RASHADIYA P.POST DCOOO2 210.000 OJ2.s00 M,R

212 A1NLAHDHA DDOOOI 207.300 012.800 M NW

213 DHAHAL DD0002 189.000 027.000 M NW

214 DANA DEOOOI 208.300 009-SOO M.R
21S BEIR MADKHUR DFOOOI 183.000 978.700 M NW

216 UMMETLA DF0002 171.600 987.100 M ~Ylp<mtion.tation

211 WADI MOUSA DGOOOI 196.000 970.000 M.R

218 HAY DGOOO2 191.000 974.000 M

219 PETRA DG0003 192.000 9n.000 M

220 TAlYlBAIANOUBIYA DHoool 194.000 963.000 M

221 DILAGHA DHOOO2 189.000 949.300 M

222 RAIIF DH0003 193.000 956.000 M,R

223 GHARANDAL EAOOOI 169.000 945.000 M NW

224 RAHMA EAOOO2 162.000 926.000 M EYlporation station

m AQABA EDOOOI 150.000 881.500 M

'~
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Table 3-2. Distribution ofPrecipitation Monitoring Stations
WAJ - Studies Department

WA.J COORDINATES STATION I OPERATIONAL

SITE NAME mil EAST NORm TYPE STATUS COMMENTS

226 RASEN-NAQB ED0002 197.000 935.000 M,R

227 RAMP.POST EDOOO3 191.000 887.500 M NW

228 QUWEIRAEVAP.STATION ED0Q0.4 111.000 914.000 M NW E..pantion stltion (closed)

229 A1.-KHALDY ED0006 172.000 896.500 M NW

230 IABELBAKIR ED0009 163.500 887.000 M NW

231 WACI Y1JIl<I OAUGINO STATION ECOOIO 160.300 810.600 M NW

232 RAM(QA'DISl) EVAP. STATION Eooo12 199.100 896.000 M NW E..pantion station

233 FASS\JAST. EooolS 236.200 908.500 T

234 WADIRATMA Eoool6 193.000 m.ooo T

233 WADINASlFA ECOOl7 209.000 902.000 T

236 WADIMAS'ACA ECOOII tn.OOO 896.000 T

237 WADIARACA Eoool9 21$.000 899.000 T

231 QA'lCHREIM EDOO20 220.000 mooo T

239 WADISABIT EDlmI 173.000 mooo T

240 WADlMUQUR EOIm2 193.000 mooo T

241 QA'EL-OHAL ECOO23 201.000 m.4OO T

242 AQABAEVAPST. EDOO26 148.000 887.000 :>1 E..pontion Ilalicn

243 itM EL-Qt1ITElN FOOOI 303.500 192.500 M

244 IU EV!J'ORATION STATION FOOO2 341.500 110.000 Moll.
24$ AZRAQ POUCE POST FOOO3 321.000 139.500 M NW

246 cm £L.KAHF F~ m.ooo 11$.000 M.R

247 AZRAQ PROIECT F0003 341.500 110.000 M NW

248 ~ARYATEIN FOOO6 330.000 170.000 M

249 A1.-WISAD FOOO7 433.000 144.100 M

2$0 QASR £L.HAMMAM FOOO8 210.000 167.000 M NW

231 AZltAQ EVAP.STATION FOOO9 320.000 141.500 M.R.A Enpontion Ilalicn

232 ESH-sHAUMA1U FOOIO 317.000 130.500 M NW

233 EL-lIMAIlI FOOII 342.000 J07.300 M.R

2~ QASR T\JBA POOl2 300.000 0113.000 M.1t NW

233 WADI SALAH1B FOOl3 381.500 139.700 T

2$6 jnJwJt. EL-KHUIlJSHA FOOI4 303.000 156.000 T

m nw.uL EL-CiHAR FoolS «14.100 Ul.500 T

2$8 QA'SAM11CA FOOl6 370.200 117.000 T

2~9 OACIR EL MALLAH FOOl7 3".200 163JOQ. T

260 lABEL ASEIKHIM FOOII 334.700 1$1.600 T NW olllizer closed

261 lABEL MUDAYSISAT FOOl9 261.000 tl9.l00 T

262 QASR EL-KHARRANA F0020 281.500 127.000 T,R

263 IMTAN F0400 321.000 203.000 SYR.!AN

264 KHIRBET AWAC F0401 310.000 194.000 SYRIAN

263 UDRUH SCHOOL 00001 207.000 971.lOO M NW

266 IAFRP.POST 00002 269.000 969.000 M NW

267 MA'AN o 0c.03 221.000 956.500 M,R

268 BASTA O~ 201.100 960.300 M

269 SADAQA OOOOS 196.500 9S2.500 M

270 QUREIN 00006 193.000 943.300 M
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Table 3-2. Distribution ofPreclpitation Monitoring Stations
WAJ - Studies Department

WAJ COORDINATES STATION OPERATIONAL
SITE NAME ro" EAST NORTII TYPE STATUS COMMEm'S

271 MA'AN IlAIL WAY STAnON 00007 223.000 954.000 M
272 lAFREVAP.STAnON 00008 267.000 970.000 M "NW r-c

-
273 UDRUH EVAP. STAnON 00009 206.JOO 973.600 M,R Evaporation stalicn
274 10RDHAN GAUGINO STAnON 00010 221.900 965.900 M "NW

27' lABEL QUZEMEH 00011 2S<C.JOO 99'-'00 T
276 QABR ES-SAWW 00012 247.000 98<4.000 T
m ABUTARAFA 00013 239.000 93'.000 T
271 !NAB 00014 331.400 93UOO T
279 KABID 0001$ 296.200 929-'00 T
280 lABLI!L BATRA 00016 210.000 924.000 T
281 HUMEIMA 00017 113.300 929.200 M.T NW rroWizcr clooed

212 H4 EVAP.sT. Hoool .uoJOO 216.000 MM Evaporation Imlion; DcportmenI ofMe1<OrOlocY Station (M); WAJ (A)

213 IrAMBEEL HOOO2 $21.800 24$.000 T
:lJ.4 KH.UMRUIEIM HOOO3 .Q6.800 22UOO T
:w 'IlJLUJL EL-ASHQAF HOOO4 389.200 193.00c T
286 BAYIREVAP.STAnON 10001 310-'00 020.000 M hOW E..pontion station (clcoed)

2a7 EL-IOIERQA 10002 333.000 076.000 T
2!1 WADIBAYIR 10003 3'9.600 042.400 ','
289 QAU.SlQ 10004 36'.400 972-'00 T
290 EL-MUDAWWARAEVAP. STAnON KOOOI 24~.000 1.$9.000 M "NW EYIponlion stalion (cIoIcd)

291 DURRAH EVAP. STAnON KOOO2 147.000 867-'00 ,., "NW EYIpontion station (cIoIcd)

292 MUHEISH K0003 234.000 &66.000 T
293 WADI DUIlEIBA KOOO4 21'.000 866.000 T

NOTES
M- Manual (daily)

R -1U:conkr (Italian SlAP, UK Cuclla)

T-ToWizcr
A - Automllia (tiS W••lhertroniu)

NW - NotWorlcinc

....
•..J ......,
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Table 3-3. Annual Precipitation Totals (1976 - 1994)

Im!t ~ff"1U IDr,llS (IN ItS)

mEl
19i5 m WI 19iB 1m 1S8J 1S81 1S82 1)83 1')8', 1)8) 1S8S m" m 1'iCP . 19;0 1971 19;2 1913

1970 WI 19i'8 1m 1SCD 1S81 1S82 1'XI3 m m 1S8S m" m 1'iCP 19;0 1971 19;2 1913 mt

I6lD1 1iJj.9 2i3 353.3 :Y.5.0 '* '!fJl.4 'S!2.7 522.9 ll1+3 '* :m.9 lI92 5iUl 0lt.6 :m.9 Qr.2. ffiS.8 ~.O X
.te:IIE :H?.2 451.2 '* Zl2.2 &..9 453.5 <52.8 tfli9 33S.4 ll1:J.B 332.0 4i8.2 '!iTT.7 3133 412.0 '3S.5 ~ 11.1.0 X
I'GJIB X x x x x x x x x x x x x x x x X 5215 X
!ffJII+ 4!f:J.9 );3.4 ~.4 27M 616.4 4103 W3 £15.4 278.2 (fl.9 337.8 42.9 416.0 :y.l.9 ~.1 E.O 9512 x x
IaJIB 1IJ).5 lIJ.9 '* * m.l J:t..9 * 572.5 x :m.1 33'..9 lIfJ.2 diU 1,(5.5 ~12. IJ6.3 m.5 515.0 x
IODJ1 * x x x x x x .X x x x x x x x x x x X
tOlI2 lJJ1.5 1/<,.9 :ns.0 177.6 &5.5 Q1.1 aU 551.8 tSJ.7 3:$.2 2':6.6 ~.1 572.4 ;ra4 410.0 3i9.5 E!Jl2 418.5 x
JOJIB 3710.0 * fI.7.4 W.7 Tll..9 Sffi.6 2Y5.5 991.0 tID.3 Q1.6 <ffi.8 :m.B SlJ.5 715.9 fJ5.7 tlt1.0 9:6.6 6fT.4 X
If1JJJ. fl.7.4 ':JI..6 22.3 310.B &'5.6 LaJ.2 ~9.7 %.0 ryF;.8 Gi.2 ?ill.7 'ill.7 x X x x x x x
IaJIJ5 372.1 4n.D - - &\'..3 l8J.l Z!JJ.7 551.2 :2).8 376.2 323.6 9J7.5 tR.4 Zi\l3 flB.l :H?.3 £Bl.0 tPt.5 x
rro:m 418.7 - - 2Jl2 715.3 l/J1,ft C/..7 tlJ).9 1":6.1 :s:B.8 !D.O 571.5 ~.6 ~2 3:9.0 411.4 i93.6 JIl.1 x
IWJJt 316.5 271.0 a:5.5 18'0.6 ~.6 :m.8 231.1 - <ffi.5 JJl.7 <52.3 453.1 lI.S.3 18'0.7 3iB.l 3Y..5 '6$.8 :1.1.2 ·x
JOD1() :1.2.2 Clo.6 * * @.2 - - - B5 414.7 av.l 5:1..1 fJ!2.9 a':4.2 1S1.9 3:2.3 iUl.8 :m.0 x
!OJJ11 iIJo.7 i57.4 277.0 1t.4.5 479.3 <ffi.2 CD.6 10.5 <ro.5 aJS.O aJ..2 :m.8 3Y..5 1'i8.5 ~.O 1/P.4 tIlJ.6 <ro.O· x
JlXD12 ~1.2 191.0 aD.3 * "515.7 218.5 21i.4 03.1 Z21.7 Z23.3 m.5 3J3.9 323.6 15>.3 33'..9 i!!J.7 479.7 210.1 x
IOD13 x 134.8' 141.0 9S.5 tI:b.6 ",8;).5 141.8 ~9.5 141.5 -m.8 'l:603 a::a.6 2S4.8 1~.7 12.7 ~.D ltl.O m.o x
IOI716 10.9 * * fff.6 :D1.3 1C2.4 1Ck'.2 216.4 51.0 182.5 10703 191.5 (fl.1 12.0 137.0 125.3 ~.8 ID5 x
!OJJ1 In.5 W.O 133.4 m.4 3li.3 iDf.5 121.0 a2.2 t:.2..5 22i.2 as a':4.7 12.8 In.8 trJ..7 2'14.8 453.8 2Y..3 x
ICXlJ'18 t.Jl9 Q..9 tl5.2 ZilJ5 Mo tI!l.9 Q1.8 - X * * ~.6 tS..5 $3.6 $32 t05.5 W6.0 614.0 x
!OJJ19 fiLl, ffi.S lCB.6 fffo3 JIl.O 1lB.2 116.8 12il.6 114.2 17r..6 IB.1 mo3 CA7 2112. 171.5 m.4 1aJ.5 m.9 x
IOIBl 3'.2.0 fJ503 tIJ.B 253.0 71S.5 'JJi.b a':4.1 £6.8 fl.7.1 335.6 Cll.6 SSl.9 1BI.5 'li!J.7 ZiU,1 'Yt.7 W6.5 fI:h.8 X
IIXI21 <Hi.9 i57.7 * mo3 !!.A.5 ZiU2 X x X 211.0 181.4 :mol, 3'.2.3 ·1m.l, 0lS.5 m.5 'JR.7 3)1.9 X
tro:J!2. x X x x x * lm.5 161.1 16l.5 * 91.1 ;Q.B 'l1l.8 9S.7 1l6.0 95.3 ~.3 117.8 x
ICXI23 x x x x x x x x x x 95.7 158.7 X • 955 1I:lS.7 117.4 ZiIJ.O 3/.1 x
ffJJJ!l 413.4 513.5 4'52.1 lJ..l 8)1.2 47r..5 316.7 5192 flJ3.7 110.6 X X X X x 4<B.5 x X x
IffJF} x x x x x x x x x x x x 115.0 X X X X X X
.t01l2 "QJ.4 376.8 * 278.1 631.5 418.1 215.7 * i!!J.7 2iM 337.9 lII:J2 /i2.2 au n6 li1.9 59.5 '9.9 x
AXIB'. X X X X X X X X X * :m.5 ~.8 m.6 273.1 lI.6.1 lB.7 9'D.8 1612. x
I6lD1 m.B '5J12 00.0 aD.b 6RB 3Y..5 311.5 412.4 ~.1 JZl.5 tffi.1 45U 1BJ.4 a7 ll1+.6 G.6 7r.4.0 :1.1.0 X
I6JIE tS3.4 :1.62 ll1:J.3 zas.4 iU5.7 G3.2 li2.1 618.7 l&.3 4.$.0 'JIR.8 B:e.s 52.5 "llT5 lli3.7 G.3 ~9 1/JJ2 X
J€JIB t;5l.5 :1.8.1 * or..s ~2 t85.B E.9 m.3 4$.2 531.0 fJ5.9 %.7 618.9 315.3 /OJ.6 QS.4 8(1.0 1;9.4 X
If5JJJ+ tIJJ.7 tJ!l2 f6S.5 i!IJ.4 7&..0 tl5l.5 li2.7 - * * - 4<Bo3 2i.4 !D.6 523.4 4T3.7 1CIXl.3 1It4.1 X
AAID1 U.S - * * * - - x x x x x x x x x x x X
NUI2 'S.54.6 636.7 ~.1 <52.0 iW.3 %.0 zas.l * "5R.7 SiS.8 ~.b (10.5 7£.9 as SD.b 5lS.9 1157.5 6S1.8 X
A'iIlJ1 2.0 "./.7.7 5'F.5 Ji8..9 95t.6 5<'8.1 471.0 t83..9 tIJo.8 516.9 161.4 754.0 6l/..9 471.3 tl5l.6 471'0.0 1053.4 fJ1+.2 X
NffiJ2 1.8 715.4 llY.7 1'52.5 "515.7 Zl5.4 m.3 :1.6.1 253.0 210.7 Zl2.8 '!f.IJ.4 161.4 2i7.7 ~.O "li9.b ~2 1S1.7 x
A'ro:B 47r..9 49+.0 fJ}.3 <Hi.S sas.O 478.4 l6?1 527.1 lff3.6 49.03 1It4.7 &\).1 871.4 tPto3 S2.5 /OJ.l 1151.4 615.3 X
i\.OlJ1 521.0 "./.1.3 ldi.1 1l1.9 853.4 581.0 'S.53.8 8:6.6 lf16.3 631.4 QS.3 m..1 7ff1.9 571.7 1iD.5 5'.7.5 110.0 tBl.9 X
AillE SCk'.4 "./.5.3 t.aS.1 357.1 918.8 $..5 531.9 i81.3 tIlJ.3 553.4 %.7 715.1 ffli.4 52.0 ~.9 ~.9 lffi5 imo3 x
A.OIJ3 * * * * * * * * * x x x x x x x x x x

••• • •• 4_ ••• ·· ... _ •••• _ •• _._______•____
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Table 3-3. Annual Precipitation Totals (1976 - 1994)
.tmA AAIfJ'1U IDr..xs (IN f.M))

aIEl
19i'5 19i'5 rm 19i8 1m mJ m 1')82 7X33 m 1Sffi 1S8S "fl!l 'f1B 1S8I mJ 1971 'J)l;l2 m

1m> rm 19i'!.l 1m 1S8J m 1')82 1S83 m 1Sffi 1iaS "fl!l 'f1B 1S8I mJ 1WI 'J)l;l2 1S9.S 'm+

tt.lIIE 1S9.8 dD.9 1Zl.4 <D1.2 lll12 dD.9 123.0 ... m.8 22.S 1tJ3.9 233.4 217.9 210.6 ?E.1 1S?6 331.7 as.O x
PI.!IIl3 1El.9 1$.3 &.9 125.1 JTT.2 a:B.2 1[0.4 ... 147.1 CZ2.3 1:2.3 "R.9 ~.O ;:010 1l.o.6 U.4 2JI.5 mo x
.ti1IDt 253.6 2'1+.8 V.l ~.O ;&.7 3:{..O ~.3 Q1.9 :23.6 aD.O 1CP.5 ::52.2 SdS.8 'llT2 ZTl.8 <rol.5 If£.7 1&.9 X
tt.lIIJ5 SiE.6 3!i.1 ... 215.1 trJl.6 612.3 22.5 "Mt.9 tm.3 ~5 3'.5.8 5i5.6 S!r+.8 473.5 llJ5.6 ]'6.6 1014.0 SYo.5 X
fllJll:6 ... X X ... ... x x x x x x x x X lI.7.9 X 1257.6 6?2.5 X
.:uxx:s ... x x ... ... x x x x X 1S02 3i9.5 lI6.1 1512 a.4 x x x X
Mf1Jt ... ... ... ... ... x x x x x x x x x x x x x x
1tJD10 1?8.2 C6.3 217.5 In.3 LJl.l CJ5.7 U.7 t;1:,.6 183.5 1C6.7 ZS5 ?fI..2 :HJ.6 2Xi.6 :m.7 22.3 m.6 <B".3 x
1tJD11 253.3 1SO.3 Zi9.4 1[0.5 511.3 2f1.7 :Y.1.8 ~12 3Y..l 19.>.4 m.4 31<1.8 417.3 6'.5.4 215.3 a::5.1 3iO.8 37Z.8 x
PUD12 141.7 90.4 75.2 ... lB.9 lIY..6 ... ... 112.1 1~.8 119.7 1(,5.6 4r.35 153.9 ID.3 t2.0 za3.7 X x
ItiD13 ... X 90.8 ~.8 6'.5.0 ... 144.2 a::5.6 ... 237.4 is.3 1Sl..5 211.0 112.8 ID.7 121.9 233.5 101.7 X
tUO'14 ... ... x ... x x x x x x x x x x x x x x X
ItJD15 ... ... x ... X 1~.7 119.5 195.7 ffi.3 ... ... 172.7 CO.l 149.8 ID.3 lB.l caz 'H.9 X
PUD16 ... 85.4 ... ~.8 3Y..8 1$.9 1<9.7 216.8 110.7 12.6 ro.7 U1.7 ~O '612 125.4 1l.o2 2f1.4 1<r.2 X
1WJ17 E.5 ... ... ... ... SCI.O ·4n.5 ... 18I.6 lIll.6 2735 lDl.O {ffi.3 4115 4<D.0 18I.6 tS3 6!i.6 x
It!D18 ... Qi.7 ~.7 <m.l 771.9 "ET.9 314.3 ~.4 1;£9 t.:2.1 3J'l.1 "m.7 62>2 ~.4 414.8 tS1.0 115l.8 %.4 x
PUD19 19.>.0 lSO.4 U.6 1:Y.2 SJ..O 3)1.1 1Sl..9 Q2.0 dD2 ZlY5 1CP.0 i!i.2 ~.3 4r.3.7 1S5.2 1ll.9 '»J.9 Z6.8 X
fillP2 315.1 :HJ2 418:5 22.5 &'1.1 413.4 42.5 915.5 22.8 tJ;.4 1aS.9 E.2 );'..1 ID.9 d$.O J7.i.0 9:B.3 m.l x
fill'6 318.9 3Y..1 M.l • ... x x x x x x x x x x x x x X
It.!II'lS • ... ... ... ... x x x x x ... 3?32 ~.3 <rol.l 3;'1.6 :25.6 775.7 :!O.3 X
fillJlJ ?fI..4 0lS.8 ... Z!:O.9 6lJ.0 . . . ... 279.1 ... (£1.7 1&..9 372.0 319.8 ?fI..1 wt.1 'SZl.6 X
.ttiIE 310.1 65.0 a'JJ.O 'Y..9 iC5.4 4"6.8 :Y.1.6 19.>.8 2f1.0 a'JJ.l 3175 472.3 5d32 n.8 2f1.9 ~4 i9t.0 tlJl2 19.0
fJ.JJJ9 ... ... x ... ... . x ... x x x x x x x x x x X
ft.fIID · ... x ... • x x x x x x x x x x x x x X
/lUIl2 ... ... ... x ... x x x x x x x x x x X x x X
I'ti1B3 310.9 (!f•.4 ... · X X X X X X X X X X X X X X x
Iillffi ;r.9.9 U.3 ?IiJ.9 r17.B 613.6 <58.2 :Y.l.8 53?0 3Ii.6 N.l 22.7 i,Q).0 475·.6• 0lS.1 !B.4 'YJ.7 B:lS.6 3;'1.4 X
IWB6 V.6 "i51.8 <DS.3 175.5 fX5.9 ~.O 2f1.0 521.3 <DS.4 av.O ZlS.9 Q..2 ~.O 351.9 3112 254.1 7iU2 E.O X
fWJSl • • x • x x x x x x x x x x x x x x X
ft!1JY ... ... x ... ... x x x x x x x x x x x x x X
f(JIJlJ ... ~02.0 01.7 171.2 'X9.7 :.63.7 322.4 ... 7r.3 ... ... x ... x x x x x x
M:fJ.2 :!il.9 371.1 37U X x x x x x x x x x x x x x x x
Pl.fIR, 219.1 tfJ3.7 2JI.2 1l.o3 4433 ... ... ... ... 1Q.9 ... ... ... x x x x x X
fill1/. :Y1..ll Y.513 E.O aJ1.1 ll1O.3 E.4 ?m.S 'iTT13 dlS.s x :f:6.6 ... • 3S15 tJ;.o "J.75 Wf,2 "lJ92. X
MIJ.5 lJ7.1 4155 419.0 -aa7 615.4 ... 448.6 i81.8 457.0 ~.4 lJJ.6 595.5 ~.4 9A5 lIIJ.3 Jl3.9 kQ3 5'9.6 X
f(rrJiJ 01.5 323.6 ~.5 ... ... x x x x ... lSO.O Z'8.2 9:2.1 x X x x x x
fIl1IJ.7 :£1.2 271.0 314.5 'lE.4 611.4 ?&5 422.1 561.7 ))'..1 J3i>.7 ;r.7.6 3!<l3 S"RiJ 03.4 :215 aniJ 7Jl.7 50.6 x
I(JJJ.8 107.B ... ... iQ.O !B.O 101.6 125.8 ... 101.7 lli.8 (!J.4 ~.4 254.8 157.6 110.4 90.8 6'.5.4 m4 x
PlCJJ.9 ... ... x SS.O aD.5 1:£>.3 11};.4 ... 11.4 1C8.7 (!J.8 W.l 'lBt.4 176.6 W.8 E2.6 a::5.1 X X
Plrr:fl) 253.3 251.5 313.2 185.8 lIIJ.2 3'.3.1 aD.4 411.0 tzl.l tffJ.7 'ItO.4 451.0 lJJ.O :mz 6'.5.6 214.4 518.5 254.6 X
PlO1il 274.1 V.O ZR..6 ... ... x x X X X X X X X X X X X X
ftlIE3 ... ... * 16S.0 t.35.8 2'1+.7 aD.O 0.0 Cl$l.5 ZTl.3 ~ 3lJ.5 3)12 <tV.1 CB't.4 lD.3 610.6 ~.9 x
f.l.CI5!t 85.0 48.3 is.9 1It.8 m.2 ... 1'6.9 7.0 ID.l lli.4 61.8 1232 231.0 15l.0 1575 8S2 ZTl.O * x
fII.1JIJ) 1162 se.1 %.6 63.4 as1.0 1l6.0 1:2.2 210.5 1122 213.0 9+.6 172.8 0Yt.8 1l$.5 '532 112.6 ZR..1 'H:3 X

x x x ... all.3 613.0 t,Sg,1 7:13.6 llh.4 m.9 3!\33 975.1 'STl.8 X l\R6 318.1 90.3 iIUJ X

=1 131.6 ... ... i9.0 m.7 155.5 9.5.7 * sao m.l x 185.0 1S9.9 19:1.8 1i\).8 za3.2 '31.8 U.O X... * ... iQ.7 2'6.1 118.5 118.7 144.8 1C4.8 '61.7 '6.9 148.2 219.7 1)1.5 117.9 114.7 '191.4 se.9 X.



~

Table 3-3. Annual Precipitation Totals (1976 - 1994)
/#UlI... RAlIf"Iti lOr/llS (IN ml)

aIEl
190 19i'5 "fll7 m3 rm m 1'i81 1')82 1'iffi m m 193.S "Ii&' 1)ffi 1)8;) 19;0 1W1 ~ 1913

1970 "fll7 19i8 rm 1'i8J 1S81 ~ 1'iffi m m 193.S 1937 1)ffi 1)8;) 'l9iO 1S9I ~ 1915 m

,q.QJJ1 472.6 417.3 510.3 1IIJ.8 914.2 CIIJ.3 49+.1 e<9.2 llQ.3 5!02.6 3;15.6 5;9.2 (g;,.7 553.7 512.5 5!).7 1'&).7 lfD.5 x
il1lIl2 3'.5.6 05.9 2"6.4 lO.9 5?2.0 ~.6 .. .. aJ1.1 ?/I..9 31.1 371.7 /41.1 3iTt.0 1lJl.6 ~.o i'E6.4 ll1J.6 x
Rill5 ~.6 l85.7 2;15 Jl..7 r;Q2.9 C21.7 514.9 i'E6.3 3?2.1 /41.7 li3.8 ~.3 l$2.5 $;15 6!l5 ~.B 1Vh.o QR.O x
!t'OIlS .. Z5l5 X X X X X X X X U.4 'llT.9 419.1 :m.0 JJl.9 3aJ2 6TT.8 Jl..8 X

1EP.7 1(2.5 <r.5.6 1532 ~.8 <ID.4 m.6 213.4 81.5 tY..0 1la0 154.9 a::o.8 173.1 1ffi.5 141.4 ~1.4 'lt6.1 x
IUIf.2 tS1.8 24 'D.6 W.3 SW.1 CP..7 lc$.8 ce.9 3912 tR5.4 315.0 611.8 it2.4 tSZ.9 127.7 (%.6 1l75.8 dB.3 X
MIJJ3 1,()l.B l,Ql.1 411.0 ?R.6 a:D.9 5!).0 372.8 615.9 ~.O 3:B.2 m.a tm.2 S:V.4 1,()l.2 ~.2 2i55 m.3 ~ x
MIJ:t. tB2.2 ifIl.9 205 ~ .. .. .. .. z:J.1 310.7 ~5 £E3.5 a'f..5 U.O 210.1 149.3 X ~1.5 X
00D1 S6.8 .. ~.6 .. ~7 1aJ.9 121.9 .... .. .. x x x x x x x x x
00l:2 152.6 141.5 122.6 a:2.7 tffJ.7 1IIJ.6 351.8 451.0 .. Zi'5.3 22.8 as llD.9 0'..6 2i3.8 5l!.0 :!D.5 7Zl.0 X
etal:f. 1iS.2 18'..6 ~.8 145.7 ~.8 314.5 .. 4iB.2 1t.4.0 311.1 '&.7 7Zl3 t:;6.6 Zi'B.9 ~.5 ll:B.5 tU..8 E.9 x
00IlS 6U "JI.7 121.8 83.6 ;r.z.8 53.4 91.8 211.6 W.4 110.2 8'..6 9'..9 2D.4 1&".1 127.3 a:B.5 av.1 9.5.0 x
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Table 3-3. Annual Precipitation Totals (1976 - 1994)

ImA ~!fF>u TOTtiS (/N M1)

mEl
19?5 19i'5 WT 1978 1m 1SID 1i81 m 1<13 m m 'ISaS R!l m 'I)5l m:> m 1il)l2 1W3

me. W1 'l9iS rm 1SID 1i81 m 1<13 m 193 tas fl!1 m3 'I)5l 19;q m '&'it! 1'iXi3 m
aDD1 195.6 ar..3 U5 lli.9 514.0 E.O * 33:).0 111.8 ])1.0 'l!E.1 :m.7 fIIJ.7 02.9 asl.3 233.1 ?O5 ~.9 X
CIIJJ:2 171+5 1&.5 dJ1.6 dJ1.0 'SZl.6 SM * a<2.3 110.0 * 123.0 27'1.6 4"fJ.7 3105 012. 2l7.3 Q5.5 ~.3 X
CIIlD+ X X X X X X X X X

,. 2\6.1 "5l2.6 ta52. 33.0 "lll.6 2i'Z.8 85.4 331.8 X
CIl1Il3 18i.l 1(9.0 1455 5'.8 * 1732 mo 1(9.0 £0 V8.3 is.9 91.0 d9.7 v.D.o m.7 81.0 331.6 ~.4 X
CIXII5 as.O e2.0 las.5 lev.5 *

,.
* 157.0 law * ~.O 111.1 1;3.0 73.5 110.0 is.5 2l72. 111.1 X

mms 122.3 a:5.8 237.1 17,15 lI.O.8 2B.6 ~.5 E.8 151.0 3!5.0 137.0 U.O 3D.1 ~4 '1!2.9 ~ ~.8 233.1 X
a1IJJl &7 22.4 tI.7.0 19.3.9 412.1 113.5 Z13.0 3)'..0 liT..3 ~.O 110.3 ~.6 ~.3 331.3 Z6.6 3:35 E2 19S2 x
a:am ,. x x x x x x x x x x x x x x x x x x
cr:.a:o:; 1l.O.8 195.7 tI.l.l dY..3 5342 2375 * :t9.7 Ul.8 312.6 1SS.5 225.3 312.0 05.0 222.0 ?IIM 3:55 121.0 x
a:cJi0 255.6 275.4 a7 <ro.1 59).0 ,.

2i3.3 tEJ.4 113.7 :%.3 195.4 <91.6 iill.1 !TZ.7 3:5.7 tm.8 'JJI2. 3'0.3 X
a:am ,. ,. 55.3 55.8 9?.3 S8.2 ,. 1C5.8 ,. ,.

t4.5 122.8 ~.1 114.4 9:>.6 ms 9.5.1 635 X
CIXD13 161.8 215.6 1ffi.8 :!D.O :x2.8 t.S3.3 167.4 "M2 ,. JJt.9 171.7 212.7 512.5 375.0 <91.0 ·/lB.0 ila.0 3:D.3 X
a:xD15 1055 117.1 1;:S5 iM ~.9 119.7 116.3 1BJ.5 iT..5 191.6 82.4 145.4 18S.5 113.7 1A2 se.1 'B..7 1(95 x
CllD16 147.7 ,. 1ffi.4 'lSO.O ,. ,. mo 219.0 ut.2 m.3 ,. 1332 3\3.0 za.s 1se.6 \$.0 3a5 171.9 X
a:an7 t.5.0 x ao W.7 373.8 ,. ,. F.O 147.0 211.0 ,. lZl.7 m.0 1(9.5 ~.O 1(9.1 * * x
a:ar,s 14S.7 5'.0 10'..1 ,. ,. x x x x x x x x x x x x x X
a:xD19 178.5 <SI.4 33'.0 aB.6 ,. x ,. 2345 'l69.0 :y.o.8 ffi.O lD.9 ~.8 ~2 d92. J:6.7 lfI'}.O ~.O x
a:am ,. x x x x x x x x x x x x x x x x x x
tD:lE 175.1 <B1.3 "M.4 219.1 fili.9 :JfJ.7 lB.2 512.8 22+2 317.2 X x x x x x x x x
~ U.l 215.8 <:ffi.1 123.6 ?R.9 :!D.O CiJ.3 3'6.0 dY..3 ~.5 aB.5 310.7 fIIJ.5 X X X x 3!B.6 X
CIXII:5 1ffi.8 zzz.a Z13.6 *

,. ,. x x x x x x x x x x x x X
lDIBS 112.0 181.0 191.1 13:S.3 ~.4 tI.7.7 (92 3<5.3 149.2 ~.4 X X X X X X X X X
CIXm3 102.9 1'7..0 183.9 123.0 ])s.8 222.B 113.4 ,. 153.6 01.2 87.1 147.3 "5Jl.9 X 1'i8.3 22.7 :m3 2'Xl.8 X
cz;o:E;l aD.2 tI.O.3 :25.1 (ID.7 W.8 El.8 a:B.9 471.3 16).6 CIlS.8 172.9 33:1.0 lJ1.9 'lD.8 2D.6. l,$.8 '33.5 m.5 x
CIXr.lYt ,. ,. W.O 55.7 ,. 110.0 :2.5 is.7 ,. fIl.5 X X X X X X X X X
CHlD1 41S.6 217.4 ZiO.5 273.5 laS.1 233.3 liS2 4(9.3 133.9 3D.9 101.3 2Z1.7 31S.8 11$'.9 aslo4 <B1.3 * :2.3 x
cs::tr2 18).4 <1:2.0 <ro.l 231.7 4i8.1 (ID.5 141.0 /f;8.7 187.9 CB.9 'ISS.4 <56.4 ~.6 05.3 Z72.S '3305 * 18i.1 X
CElI1. <1:2.6 05.5 n.o <12.0 619.4 Q5.7 195.7 23.4 dJ1.1 !ll2 22.9 I6.9 42.0 331.4 ~2 SQo5 S'.9.5 i9l.7 x
QOJJ1

,.
* 41.4 * 111.3 x x x x x x x ,. x x x x x x

crom ,. )).3 53.0 37.0 EP.3 9?.7 * 55.8 X
,. 83.7 15.3 ~.9 15.S.7 95] 1CB.0 X X X

cro:r5 ,.
X X X X X X X X X X X X :ffi.4 71.4 is.o 1ie.7 x x

a:ans x x x x x x x x x x 95.0 9?.3 as2 'm.9 $.9 101.7 1132 37.5 X
amJ7 15.1 ;:S.B ~.2

,. ,. ,. * 85.2 23.5 50.3 71.3 57.5 x X x ss.1 372 ass x
00Il3 *

,.
* %.9 23705 ,.

* a:5.9 sa7 W.9 * 1012 2Z1.6 X X X X t4.0 X
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Table 3-3. Annual Precipitation Totals (1976 - 1994)

Im1t. OOIfIU ror~ (IN ItS)

ml 19i5 m 1lTl 19i'8 'l9i9 193) 1'i81 m 'ISm reo m 1'iaS "f1!l 1m 11P 19;0 mt ~ 1S9.5

1975 1lTl 1m 1119 1S8) 1'i81 '1S8! r,m 1i8t 1SC5 m rl!l 1m W m mt ~ 1')1;3 m.

00D1 163.2 ZSl.2. rlT.5 "5:2.7 ?I+l2 7.5;.9 177.0 ~.8 X X X X X X X X X X X
l,Y(Il2 'le2.8 as.o m.7 '5Jl:5 371't.4 02.4 2i5.2 ~ 93.0 Z02 m.o ;rg.l l,21.4 3:6.4 ?22.0 t<R.2 1O:D.5 ?22.7 X
oo:m .. 7ZI.0 mo ~.O l22.0 ZO.5 1(0.5 E2 £2 Z12.4 JJ+:5 11P.8 ~.9 3:62 175.9 1,23.4 'lZl.5 17M x
etaIY. .. .. 'la't.9 1ln.9 175.0 172.2 ~.4 212.3 93.3 .. .. x x x x x x x x
[)1IIr> .. $3 £2.0 QiJ X i'f.2 X .. X 1ilJ.4 913 .. X X X X X X X X

X X X X X X X X X x e62 ffl.9 1't3.5 as.s &.5 1Zi.4 iB.l 23:5 x
CEIlD1 117.1 ;r.).6 183.9 1!B.S ?tf:,.7 3"6.4 175.1 E.O fl..7 eDt7 EO 2112 3iU:5 'lJt,.4 1SS.5 3'6.2 3'l8.7 1'>8.8 x
CXlJ12 1C5.1 '0/2.9 1S2.4 166.3 E.5 ~.3 1B3.1 Zl2.9 i2.1 1ffi.6 aJ7.1 163.0 aP.8 17Z.1 1t.4.3 Jll.6 'Q..9 w.o x
CXllD1 1C52 ZO.8 1S5.2. Zi3.4 '<3.7 aD.S .. 3Jil.5 ?l.5 dD.4 23S3 'CB.8 :Jr!.o ~.4 1l2.1 lll.1 311.2 2fT.9 x
o:r.r:I:2 x 223.5 17Y.7 f/72 YJ.6 17Y.6 .. 2i1S.8 $3 .. 191.6 m2 If:62 2:02 'W.9 3'.4.0 .. 4Tl..7 ~

CI3ID1 .. .. '18S.7 m.7 E.1 3!6.0 ~.7 2:93 . 'K£.4 19.5.0 ~.4 1SU 33.S.2 (12.0 2ll..6 :m.s 3itl.5 ~3 x
0JID1 117.0 '10).0 83.0 141.9 ~.9 las.6 13S.0 a'It.O $.2. 1S2.0 1475 Y.25 as.o 115.4 "6l2 ar.6 175.8 1502 X
CJJIt2 .. m.4 131.0 1/D.2 a2.8 197.1 1122 2175 S2.S ii3.2 " X .. X X X X X X
o:mB fl..8 141.9 $.5 118.7 1BJ.1 .. .. 18.8 taO ~2 '-3.1 '-3.9 12;l.0 111.4 YD.l "ZSl.8 X 141.0 X
CHlI2 .. aJ.8 W3 102 115.4 .. lfJ:5 14S.0 .. 154.6 101.0 6S.0 :fO.6 ZO.4 13i.4 177.1 tr>.o :2.0 x
aam .. ~ 13i2 m.7 ZO.8 Y9.7 1't3.9 ZlS2 9).7 151.5 163.5 'ISS.O ~.O m.o Y6.9 214.0 ZD2 YC.9 x
EOOD1 23.6 14.4 :iS5 3S5 4.6 47.3 '-3.1 3.2 8.6 .. 42.3 ll.1 ffl.4 10.4 21.9 18..4 13.4 21.0 X
!DlIE 75.3 fl..1 l£.9 $,1 ii3.8 " 71.0 $5 ~5 UJ5 m5 'ICro.4 175.6 "'.2 ~.4 W.2 $.1 S1.o x
!DIIB .. X x· 1.7 71.3 " " i42.0 6.0 W.O X x x X 22.0 ~ X 16.6 X
ErX:m lfJ2 X $.2 .. .. 6.4 .. 61.8 tI..8 £2 %.0 47.4 ~.5 61.0 iB.0 ao lB.l zz.s x
e::x:rrt> .. 31.8 X X X X X X X X X X X X X X X X X
BXD12 .. X X 5.0 x x x x x x x x X a:J.9 135 tn.o 21.0 17.3 X
FCID1 " .. 95.1 .. 255.2 15'3.6 " 116.0 W.O 11£3 ~.9 1<9.6 19J~ W.6 1ffi.2 vao 1<2.5 127.0 X
Fm 73.0 71.6 3.6 18.2 SO.4 .. 61.8 lfJ.O "ST.7 57.1 1C5.4 6S.9 1C5.3 1lB.7 &.2 1'6.5 lO.7 155 x
F .. .. as.7 101.8 ro.O (;{)5 .. .. .. .. 42.5 X 8..4 1Tl..6 42.8 ttl.3 * 16.5 X
F (;{).3 10.1 1lJ3 ::9.8 tJl9 7Y.4 (;{).4 i'f..0 3).5 $3 13.6 l,2.1 9.5.0 m.o 'ieS 85.3 13.8 X x
F<D11 .. .. .. .. .. .. .. .. 15.0 12.8 ilJ.6 31.8 78.2 61.1 '&.9 75.0 "6.6 105 X
FCD12 X X X X X X X X X x 1.8.2 :is.2 78.4 x X x x x x
Faro x x x x x x x x x X <B.8 57.2 'KD5 X 95.4 iaO ~.8 X X
am .. 8.0 9.6 18.1 2,0 .. .. .. .. .. x x x X 02 X X X X
Gam .. 16.0 14.7 3S.1 Jl.4 71.4 142 ~4 16.1 23.9 3l3.7 ~.9 1CB.4 55.0 71.7 $.3 33.1 11.6 X
aCIDt .. 71.5 '10).1 1ln.8 .. 12.0 41.2 t;!!.0 81.0 '10).0 2:9.1 114.0 321.5 ZD.O W.7 1!6.5 t%.5 SlS.0 X
GCIID .. 74.4 1$.4 1tI.5 .. 17l'..1 183.7 a:E.7 ~.5 1f5l.9 1i5.5 154.5 'ZJ7.6 1f1+.7 31.6 ;mo 3'35 ilJ.9 x
am .. W2 174.1 13:S.5 213.0 .. 57.2 X .. 1"JT.2 va9 142.9 3<5.0 "ZSl.2 123.4 'IB).5 .. $.4 X
a .. 23.0 14.1 23.0 ~.3 61.3 11.1 57.6 12:5 14.1 53.1 33.1 1OS.2 3l3.1 a.3 53.7 :2.6 11.1 X
Gam .. x x x x x x x x x x x x x x x x x X
Gcr:m (;{).6· 1QS.1 a:B.7 118.6 212.9 8S2 1~.0 1ll.2 123 7Y.0 1ll.9 8i5 155.6 ZO.1 8..4 . Zi3.1 1'ltt.7 114.4 X
HCID1 111.3 41.2 63.2. 18.0 l,2.0 725 155.7 * 41.2. 71.0 51.9 75.7 W.1 lD.9 ia4 ~.s $:5 $.3 X
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Table 3-4. List of Evaporation Monitoring Stations
WAJ - StudIes Department

COORDINATES OPERATIONAL I
IDII SlTENAME EAST NORTH TYPE STATUS COMMENTS

I ABOOI0 DEIR ABI SAID I 215.100 211.700 A Also precipitation station at another loeation

2 AD0027 SAMA ER ROSAN EVAP.STATION 228.700 227.900 M NW

3 AD0034 SAMAR EVAP. STATION 222000 231.900 M,A

• AD0036 UNIV. OF SCI. &:. TECH 242300 209.800 A
~ AHOO03 RAS MUNEIF EVAP.STATION 226.800 198.800 M,A NW(M)

6 ALOO19 AMMAN AIRPORT 243.500 153.800 M Dept ofMeteorology Station

7 AL0035 K.H.NURSERY EVAP.ST. (BAQ'A) 230.000 165.400 M,A
8 AL0053 KING TALAL DAM (BURMA) 228.600 178.000 M

9 ALOO59 UM EL-JUMAL EVAP.STATION 276.800 190.400 M,A
10 AL0066 I<HIRBETES SAMRA EVAP.ST. 258.250 173.500 M,A

II AM0004 SHUNET N1MR1N EVAP.ST. 209.500 146.000 M NW Station transferred to South Shuna (AM 0007)

12 AMOO07 soum SHUNA(W.SHUIB DA.'I.! EV.Sn 210.500 146.000 M.A
13 CCOO04 MUSHAQQAR EVAP ST. 226.200 132900 M,A
1. COOOIO RABBA 220.500 75.500 M,A
IS CD0020 SIWAQAEVAP. STATION 253.700 086.800 M NW

16 CDOO23 QASR EVAP. STATION 221.000 080.900 M NW Station transferred to Rabbah (CD 0010)

17 COOO26 iEZ-ZEITUNAEVAP. STATION 235.700 129.700 M NW
II COO034 QATRANA EVAP. STATION 249.500 073.600 M,A NW(M)

19 crOO06 GHOR ES-SAFI MET. STATION 193.000 051.000 M,A Potash Company Station

20 crOO07 HASAEVAP. STATION 243.600 030.600 M
21 DAOO07 FEEDAN 187.300 003.750 M
n DFOO02 UMMETI.A 177.600 987.100 M
23 EAOO02 /DAUlU'A 162000 926.000 M
2. EDOO04 QUWEIRA EVAP.STATION 181.000 914.000 M NW

~ EDOO12 RAM(QA'DISI) EVAP. STATION 199.800 896.000 M NW

26 Eoo026 AQAlJA EVAP ST. 148.000 887.000 M
27 FOO02 H5 EVAP.STATION 348.500 180.000 M Dcpanmcnt ofMeteorology Station

21 FOO09 AZRAQEVAP.STATION 320.000 141.500 M,A
29 GOO08 JAFREVAP. STATION 267.000 970.000 M NW

30 GOO09 UDRUHEVAP. STATION 206.300 973.600 M
31 HOOD I H4EVAP.ST. 4S0.S00 216.000 M,A Dcpanmcnt ofMeleorology Station (M); WAJ (A)

32 10001 BAYIREVAP. STATION 310.S00 020.000 M NW

33 KOOOI EL-MUDAWWARAEVAP. STATION 249.000 8S9.000 M NW

3. KOO02 DURRAH EVAP. STATION 147.000 867.500 M NW

NOTES A - Automatio
M-Manual
NW - Not Working
Data include daily measurements
Stations also include rainfall gauges
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Table 3-5. Average Annual Evaporation Total~ (Class A Pan, millimeters /day)

Dailv Averac es for Each Month ANNUAL DAILY

Station Name JAN FEB MAR APR MAY JUNE JULY AUG SEP OCT NOV DEC AVERAGE

EL.MUDAW 3.9 5.4 7.7 11.2 13.5 16.3 16.8 16.2 11.3 9.3 4.8 4 10.03

SWAOA 2.6 4.2 6 8.2 11.7 13 13.5 13.2 10.4 7.5 4.5 3.2 8.17

DEIR ALLA 3.1 3.2 3.9 6.2 7.8 8.9 9.3 8.8 7.8 6.5 5.2 3.2 6.16
..

RAS MUNEIF 3 3.6 4.6 6.4 8.6 9.4 10.5 10.4 8.6 6.7 4.1 2.6 6.54

UM JIMAL 2.7 4 5.9 9.3 12.1 14.6 15.3 13.6 11.4 8.6 6.1 3.4 8.92

AL HASA 4.2 5.8 8.1 11.7 14.9 17.1 17.1 16.3 13.2 9 5.4 4.3 10.59

AL ZIETONH 2.4 . 3.6 4.7 6.8 9.7 12.2 12:4 11.7 10 7.5 4.4 2.6 7.33

'AL BAOAH 2.3 3.3 4.5 6.8 9 11.2 11.7 10.8 9.1 6.7 4.2 2.6 6.85

AMM.AIRPORT 2.8 3.6 4.8 7 9.6 11.6 . 12 10.9 9.1 6.9 4.5 2.8 7.13

S.SHUNH 3.7 4.4 6.3 9.6 11.6 14.4 14.5 13.6 12.1 9.7 6.7 4.9 9.29

AL KASER 3.5 4.3 5.8 7.4 10.4 13.3 14 12.6 10.9 8.5 5 3.3 8.25

S.AL RUSAN 3.3 3.9 5 7.1 10 12.7 12.7 11.6 10.5 7.8 4.9 3.1 7.72

H-5 3.3 4.8 7.2 11.4 13.9 16.6 18 16.4 13.8 9.2 5 3.3 10.24

H-4 3.3 5.7 7.4 10.6 13.8 15.9 15.9 14.3 12.3 9.5 5.4 4.5 9.88

UDRUH 3.3 4.3 6.7 9.3 12.1 15 16.7 16.7 12.5 8.9 4.7 3.5 9.48

W.DULAIL 1.8 2.6 4 6.1 8.4 9.6 9.9 8.9 7.3 5.4 3.2 1.8 5.75

IRBID 2.4 2.9 3.9 5.3 7.9 10.6 10.4 9.8 8.1 6.6 4.2 2.7 6.23

W.YABIS 1.9 2.3 3.2 5.5 7.7 9 9.4 8.9 7.5 5.? 3.2 1.9 5.48

BAOURA 2.3 2.6 3.5 5.2 7.2 8.4 8.7 8 6.8 4.9 3.7 2.5 5.32

MAAN 3.9 5.2 7 10.9 13.1 14.4 15.9 13.9 11.5 8.7 5.2 3.6 9.44
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Table 3-6a. List of Surface Water Monitoring Stations
WAJ - Studies Department

I WAJ COORDINATES EQUIPMENT

ID# SITE NAME EAST NORTH ALTmJDE STATIIS COMMENTS

1 AOOOI KING HUSSEIN BRIDGE 201.500 I 143.000 372 CW(NW) Closed; NAto reactivate

2 AOOO3 WAHADNEH35 202.500 193.700 CW(NW) Closed; NAto reactivate

3 ABOO09 WAQQAS 208.250 216.000 -ISS CM

4 ABOS26 WADI EL BEIDA 212.400 209.200 CM For springs

5 ADOO03 HEMMEH 212.400 232.600 -175 Closed; NAto reac1tivate

6 AD0020 MAQARIN GAUGING STATION 230.000 237.000 120 CM,AGS,CW

7 AD0033 ADASIYA GAUGING STATION 209.200 231.500 -210 CM,AGS,CW

8 AE0400 WADIALARAB 207.500 222.500 -210 CM,AGS(NW) Dam site

9 APOO03 WADIZIGLAB 206.600 213.000 -205 CM,AGS(NW) Dam site I

10 AGOO02 WADIJURUM 206.800 205.500 -180 CM

11 AHOO05 WADIYABIS 206.000 199.000 -180 CM

12 NOO05 WADI KUFRINJA 205.200 185.000 -180 CM,AGS(NW)

13 AKOO03 WADI RAJIB 211.200 183.200 -80 CM
14· AL0040 UMDANANEER 227.300 165.000 AGS(NW) Closed (vandalized)

IS AL0060 WADI ZARQA AT NEW JERASH BRIDGE 232.000 180.000 ISO eM, AGS,CW

16 AL 0061 WADISLElHI 229.600 168.800 530 AGS(NW)

17 AL0062 WADI ZARQAAT AIN GHAZAL 241.900 153.700 700 AGS(NW)

-I8 AL0063 WADI ZARQA NEAR SUKHANEH 250.200 171.300 SIS CM (NW), AGS (NW). CW em )
19 ALOO64 WADI DHULEIL NEAR SUKHANEH 250.600 173.000 490 AGS (NW), CW (NW)

20 AL0065 WADIABDOUN 236.800 150.700 780 AGS

21 AL0068 WADI ZARQA AT DEIR ALLA 212.100 178.400 ·190 CM (NW), AGS (NW), CW em ~

22 AM 0008 WADI SHUElA AT SHlJNETNIMRTN 20&.000 147.000 -190 CM,AGS(NW)
,

23 AN 0006 W1\1)1 KAFREIN 210.000 139.000 -160 CM

24 APOO02 WADIHISBAN 210.200 137.000 ·140 CM

25 CAOOOI WADI KARAK AT GHaR MAZRA'A 200.000 78.400 ·300 CW(NW) Closed & moved to CE 0006

26 CA0007 EIN AL-MAGARAH 201.S00 78.500 ·330 CM For springs

27 CAOaog WADI IBN HAMMAD 206.000 79.500 ·160 CM For springs

28 CAOO09 EIN EL-SIKKEEN NORTH 201.200 76.200 -300 CM For springs

29 CAOOIO WADI ISSAL 202.400 66.800 -260 CM

30 CAOOll WADI NUMElRA 201.000 60.000 -300 CM

31 CA0624 WADIHIRRAH 212.800 130.900 CM For springs

32 CA0668 ZARAH SPRINGS 211.900 87.200 CM For springs

33 CA0686 WADI ZARQA MA'IN 207.100 113.700 CM,AGS For springs; AGS (1994)

34 CD 0035 WADI MUnB AT KARAK ROAD 226.500 96.600 120 CM,AGS,CW
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Table 3-6a. List of Surface Water Monitoring Stations
WAJ - Studies Department

I
WAJ

I I
COORDINATES EQUIPMENT

I
1

ID# SITE NAME EAST I NORTH ALTITUDE STATUS COMMENTS

I
I

35 CD 0036 WADI SULTANI DAM 245.000 55.500 820 AGS(NW) Closed due to dam

36 CD 0037 WADI QATRANI AT QATRANI DAM 246.400 72.200 760 AGS(NW) Closed due to dam

37 CD 0038 WADI WALAAT KARAK ROAD 223.300 106.500 440 CMAGS,CW

38 CD 0039 WADISIWAQA 250.000 87.000 740 AGS For spillway flow from dam

39 CD 0041 MALAQI 216.250 96.000 -150 CM

40 CE 0006 WADI EL KARAK 205.900 75.500 -150 CM,AGS

41 CE 0007 WADI DREA'A 205.050 72.550 -40 CM

42 CF 0009 WADI RASA AT KARAK-TAFILEH ROAD 218.000 43.400 360 CM, AGS , CW (NW)

43 CFOOIO WADI HASA AT GHOR SAFI 196.000 47.500 -300 CM,AGS

44 DAOO08 WADI FEIFA 194.800 38.800 -280 CM,AGS

45 DAOO09 WADITLAH 189.600 26.400 ·106 CM
I

46 DAOOIO WADIUMRUQ 195.000 35.300 -260 CM

47 DC 0004 KHNEIZIRA 191.400 32.500 -142 CM,AGS

48 DD 0003 WADI DAHAL 190.400 24.400 -40 AGS

49 DE 0002 WADI DANA 197.700 4.800 290 AGS

50 DE 0003 WADI FINAN 198.100 3.700 310 CM,AGS

51 DG 0004 WADI MUSACULVERT 189.000 972.500 1050 AGS(NW) Closed

52 DH 0004 WADIHUWWAR 170.900 962.000 340 AGS

53 £A 0003 WADI RUQIYA 166.000 934.900 195 AGS

54 EA 0004 WADI SIQ 169.400 940.000 270 AGS

55 EA 0006 WADI DI\R13A 165.600 921.700 485 AGS

5(, En 0001 WADI DIJ.AGII!I I1n.OOO 947.000 1100 !lGS

57 EB 0002 WAD! !lBU B!lRQ!I 172.700 952.400 240 !lGS

58 EC 0001 WADI MUSA 186.300 934.300 410 AGS

59 ED 0024 WI\DI YUnJM 160.000 887.000 350 AGS(NW) Closed

60 G 0018 WADIJURDIIAN 221.000 966.1 50 1070 AGS

61 Ii 0005 WADI RUWEISHED 459.500 219.800 697 AGS(NW) Closed (vandalized)

NOTES: BASE FLOW MEASURED DAILY
CM = CURRENT METER TO MEASURE BASEFLOW
AGS = AUTOMATIC GAUGING STATION

CW * CABLE WAY
NW = NOT WORKING

REFERENCES: CWA (1964), GTl (I 977),UNDP (1992), WN (1986)
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Table 3-6b. Jordan Valley Surface Water Monitoring StatiolU
Jordan Valley Authority

SEQUENCE SlTENAME LOCATION PtlRPOSFJPROJECT STATtlS I FREQUENCY METHOD EQUIPMENT DATA MEAStIRED

NUMBER EAST· NORTH ALTITUDE I

1 Aduyia Drop I~c ~om Yumoui: Riv.. Worlcina Doily, Monthly MomJa1 SlalrOqe ~ar.r!cYd I!Icn ...r.r &or

2 Abu Ezzigon KAC from King TaJal Dam Worlcina Doily, Monthly MomJa1 SlalrOqe War.r!cYd 1!Icn ...r.r &or

3 Muklwbeh c:anaI KAC from M. Canal Worldng Doily Manual SlatrOqe War.r Icvd I!Icn ...r.r Cow

~ Aduyia printo pumps Fannon oonsumptions onccIltuon Manual CUmntmcl<r 0iIehatp 5ter/second

S Aduyia 'PMa FatmCtI conswnptions oncelaeuon Manual 0iIehatp 5ter/aeconcI

6 Aduyia ...ns KAC from weDs uneedcd MomJa1 0iscIwp 5terlaeconcI

7 Baqura weDs KAC from wons uneed<d MomJa1 0iscIwp 5ter/aeconcI

S W Anb Hot SPrina Flow measure .. Worldng W..kIylMonthly MomJa1 CUmntmcl<r Flow 5ter/aeconcI

9 W Anb _So (rom dam AowmeuW'e Worldng W..kIylMonthly Manual CUmntmmr Flow 5ter/aeconcI

10 W. Anb into KAC Flow mcuurc Worldng W..kIylMonthly MomJa1 CUmnt_ Flow 5ter/aecond

II W. Taybeh FlowmcuW't! Worldng We<Idy Manual Cumntmmr ~ar.r!cYd to oalculate the &or

12 r,v. Abu ZJad ...il Fannon oonsumptions Worldng W..kly MomJa1 DiJcIwJe 5ter/aeoond

13 W. Abu Lad into KAC KAC from Wadi Abu Lad Worldng We<Idy Manual Cumnt_ Flow 5terlscconcI

14 W. Zislab into dam Flow into Lelab Dam WotIQne Monthly Manual CUmntmcl<r iFlow 5ter/aeconcI

IS ~b Dam·into seepaso Flow ofseepsc< wotIQni uneed<d Manual CUmntmmr Flow 5terlscconcI

16 W. Lglab into KAC Flow into KAC WotIQne uneedcd Manual Current_ Flow 5tcr1aecond

;7 w. lwum into divonion W.lurmllow Worldng We<ldylMonthly Manual Current_ Flow 5ter/aecond

I
IS W. lwum into KAC Iw l;"'" lIow into KAC ·NotIQne W..kIy Manual CUmnt_ Flow litafscconcl

19 W. Ylbil into KAC W. Ylbis into KAC Worldng W..kIy Manual Cumnt_ Flow 5lerfaecond

I 20 W. Ku&.nja orossing W.Kur..nja int Il.IAD ",ouing NotwotlQn

I 21 W. Rajib diversion W. Rajib divmion Working W..kly Manual Current_ Flow &tcrlscconcI

" ZMql River at Tal Flow from Tala! Dam WotIQng Monthly 'olanual Cumnt_ Flow 5ter/aecond

r:dd.hh diveDi<>n

lJ lJ.:1 r:nuw inlu 1L:1 1\.,. ..o<ltin Flow_a Flow 5ta/aeconcI

2~ :ell Flow into 7..c1l 10101 workin Flow meta Flow tiler/mond

2S 7..rq•••U.pring Springs now 10101 workin

26 W. Shuieb into dam W. shueib lIow Worldng We<ldy MIIIDl1 Cumnt_ Flow 5terlaecond

27 w. Shueib dam OUlnow W. ahueib dam OUlnnw Working W..kIy MomJa1 Ctmnt_ Flow 5ter/.-.d

28 W Kofrein into dam W. bfrein Dow W..mne W..kly Manual Cumnt_ ~itaf.-.d

29 Kafrein dam oounc Koliein darn CO<II1C Workin& W..kly Manual fCumnt- Flow Itcrlaecond
30 W. Hisban divmion W. Hisban lIow Workin& We<Idy Manuol ~- ~ itafscconcl
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~able 3-7. SURFACE WA~ER RESOURCES AND USES m 1993

Total Total
Basin Name Basin ION Resources Remarks Uses (MOi) Uses

(MOi) HunlclpaJ. Irrlgatlon J.naustry (MOi)
1. YARMOUK AT ADASIYA AD 316.06 (l)MUN.W. 29.16 86.69 0.61 116.46
2.GHOR -JORDAN VALLEY AB1 21.69 0.11 0.00 0.00 0.11
3.N.JORDAN R.SIDE WADIS Al 13.83 4.41 35.91 0.00 40.44

- INTER Cl\TCHMENT AB2 5.01 0.00 0.39 0.00 0.39
-WADI ARAB AE 4.19 0.00 13.53 0.00 13.53
-WADI ZIGLAB AF 14. 51 0.00 8.94 0.00 8.94
-WADI JURAH AG 10.89 1. 24 8.10 0.00 9.34
-WADI YABIS All 10.31 2.21 2.66 0.00 4.81
-WADI KUFRINJA AJ 15.96 1.02 0.00 0.00 1.02
-WADI RAJIB AI( 12.36 0.00 2.35 0.00 2.35

4.S.JORDAN R.SIDE WADIS A2 61. 33 10.35 28.13 0.00 38.48
-INTER Cl\TCHMENTS AB3 1. 19 0.00 0.00 0.00 0.00
-WADI SRUEIB AM 21. 48 7. 24 8.05 0.00 15.29
-WADI KAFRAIN AN 32.11 3.11 11.30 0.00 20.41
-WADI HISBAN AP 5.89 0.00 2.18 0.00 2.18

5. Z1\RQA RIVER AL 141.03 10.95 103.91 0.00 114.92
6 •DE:1\D SEA C 58.85 1.41 13.06 0.94 15.41

-INTER Cl\TCHMENTS CA 32.16 (2) IND.W. 0.05 8.91 0.94 9.96
-ZERQA MABIN CC 19.21 0.00 0.00 0.00 0.00
-KARI\K CE 7.42 1. 42 4.09 0.00 5.51

7.MUJIB CD 54.34 0.00 0.00 0.00 0.00
8.HASA CF 31. 78' (3) IND. W. 0.51 23.14 1.02 24.61
9. N. WADI ARABA D 11.29 0.00 4.38 0.00 4.38

-INTER CATCHMENTS DA 5.00 0.00 0.00 0.00 0.00
-FEIFA DB 4. 08 0.00 3.08 0.00 3.08
-KHANZERA DC 2.19 0.00 1. 30 0.00 1.30
-DAHEL DD 0.31 0.00 0.00 0.00 0.00
-FIDAN DE 2.11 0.00 0.00 0.00 0.00
-BOWEI RDA DF 1. 58 0.00 0.00 0.00 0.00
-MUSA DG 1. 21 0.00 0.00 0.00 0.00
-RAWOR DH 0.75 0.00 0.00 0.00 0.00

10.S. WADI ARABA E 1.03 0.00 0.00 0.00 0.00
-INTER CATCHMENTS EA 0.26 0.00 0.00 0.00 0.00
-ABU BARQA EB 0.14 oJ. (\(\ 0.00 0.00 0.00
-ROUKAIA EC 0.05 0.00 0.00 0.00 0.00
-WADI YUTUM ED 0.58 ,j. 00 0.00 0.00 0.00

11.S0UTHERN DESERT K+EDI2 0.61 C'.00 0.00 0.00 0.00
12.AZRAQ F 7.13 2.00 0.00 0.00 0.00
13.SIRHAN J 4.88 0.00 0.00 O. 00. 0.00
14.HAHAD H 12.62 . 0.00 0.00 0.00 0.00
15.JAFER G 7. 62 0.00 0.00 0.00 0.00

TOTAL 822.1::> :J r. 02 29::>.34 2.:>1 ..1:>4.93

(1) 28.87 HCH FROM KAC TO AMMAN.
(2)WATER FROM Cl\.CATCHMENT FOR POTASH INDUSTRY
(3) WATER USED FROM W. RASA FOR POTASH INDUSTRY
NOTE: WASTEWATER INCLUDED IN IRRIGATION USES = 41.3 MOl
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'I'ab.1.e ~-u. BURFACB HAT&R Nl80U1U38 AND USES IN U'1I2

Total
Basin Name Basin ION Resources Remarks Uses (HOi) Total Uses

(HCH) Hunlcipal Irrigation Industry (HCH)
1. YARHOUK AT ADASIYA AD 657.10 (1) 30.87 95.98 0.93 127.78
2.GHOR -JORDAN VALLEY AB1 31.21 0.11 25.50 0.00 25.61
3.N.JORDAN R.SIDE WADIS Al 134.76 4.26 51.24 0.00 55.50

-INTER CATCHMENT AB2 12.80 0.00 12.80 0.00 12.80
-HADI ARAB J\E 16.94 0.00 16.94 0.00 16.94
-WADI ZIGLAB AF 17.00 0.00 9.67 0.00 9.67
-WADI JURAH AG 4.43 1.24 3.19 0.00 4.43
-HADI YABIS AH 19.46 1.89 2.41 0.00 4.30
-WADI KUFRINJA AJ 38.18 1.13 2.03 0.00 3.16
-HADI RAJIB AI< 25.95 0.00 4.20 0.00 4.20

4.S.JORDAN R.SIDE WADIS A2 114.05 9.37 23.01 0.00 32.38
-INTER CATCHMENTS AB3 8.64 0.00 0.30 0.00 0.30
-WADI SHUEIB 1\M 43.43 6.32 8.00 0.00 14.32
-HADI KAFRAIN AN 52.27 3.05 12.18 0.00 15.23
-HADI HISBAN AP 9.71 0.00 2.53 0.00 2.53

5. ZARQA RIVER AL 190.40 12.82 52.36 0.00 65.18
6.DEAD SEA C 75.79 1.38 27.14 0.89 29.41

-INTER CATCHMENTS CA 28.54 (21 0.04 15.79 0.89 16.72
-ZERQA HAEIN CC 30.62 0.00 0.00 0.00 0.00
-KARAK CE 16.63 1.34 11. 35 0.00 12.69

7.MUJIB CD 373.34 0.00 14.68 0.00 14.66
6.HASA Cr 40.12 ( 31 0.50 16.69 1. 29 16.48
9.N. WADI ARABA 0 25.47 0.00 6.96 0.00 6.96

-INTER CATCHMENTS 01\ 1. 59 0.00 0.30 0.00 0.30
-FEIFA DB 8.20 0.00 2.80 0.00 2.80
-KHANZERA DC 4.32 0.00 0.93 0.00 0.93
-DAHEL DO 0.66 0.00 0.03 0.00 0.03
-FIDAN DE 4.16 0.00 1.30 0.00 1. 30
-BOWEIRDA Dr 3.76 0.00 0.15 0.00 0.15
-MUSA DG 2.03 0.00 1.30 0.00 1.30
-HAWOR Ofl 0.51 0.00 0.15 0.00 0.15

10.5. WADI ARABA E 2.22 0.00 1. 66 0.00 1. 66
-INTER CATCHMENTS EA 0.12 0.00 0.12 0.00 0.12
-ABU BARQA EB 0.33 0.00 0.15 0.00 0.15
-ROUKAIA EC 0.16 0.00 0.09 0.00 0.09
-WADI YUTUM ED 1. 61 0.00 1. 30 0.00 1.30

11.S0UTHERN DESERT K+ED12 1. 54 0.00 0.06 0.00 0.06
12.AZRAQ r 13.60 0.00 0.00 0.00 0.00
13.SIRHAN J 12.32 0.00 0.00 0.00 0.00
14. HAMAD H 29.51 0.00 2.00 0.00 2.00
15.JAFER G 33.51 0.00 0.65 0.00 0.65

TOTAL 1733.40 :>!:I ••n 316.01 3.11 . 380.49

(1)30.9 MCM FROM KAC TO AMMAN.
(2) WATER fROM W. NUMEIRA FOR POTASH INDUSTRY
(3)WATER USED FROM W. HASA FOR POTASH INDUSTRY
NOTE: WHEN BASE FLOW ~ ZERO, SPRING DISCHARGE IS CONSIDERED
NOTE: WASTEWATER NOT INCLUDED FOR IRRIGATION
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Table 3-'. SURFACE WATER RESOURCES AND USES IN 1991·

Total
Basin Name Basin IDN Resourees Remarks Uses IH:Ml Total Uses

IK>I'l ttJrdeloal Irri..atlon Industrv IH:Ml
1.YARH:lUK AT ADASIYA AD 151. 90 C.26111 t.26 9C.43 0.51 99.20
2. GHOR -JORDAN VALLEY AD1 20.00 0,11 11.12 0.00 11.83
3.N.JORDAN R.SIDE ~IS Al 39.20 3.39 CO.23 0.00 43.n

-INTER CATCHMENT AD2 9.30 0.00 14.00 0.00 14.00
-WADI AIlAB At 1.90 0.00 15.96 0.00 15.86
-WADI ZIGLAB M 8.90 0.00 C.C3 0.00 C.C3
-WADI JUAAH I'.G 5.60 1.29 3.51 0.00 C.80
-WADI YADIS m 2.46 1.21 0.25 0.00 1.46
-WADI KUFIlINJI'. AJ C.CO 0.81 0.96 0.00 1.83
-WADI IlI'.JIB ....K C.21 0.00 1.23 0.00 1.23

C.S.JORDAN R.SIDE ~IS A2 27.19 1.64 11.09 0.00 2C.13
-INTER CI'.TCIIHENTS AD3 3.51 0.00 0.00 0.00 0.00
-WADI SIlUEIB AM 5.08 C.89 C.22 0.00 9.11
-WADI UFMIN AN 9.55 2.14 9.13 0.00 12.C1
-WADI HISBAN I'.P 3.69 0.00 3.14 0.00 3.14

5. ZI'.ROI'. IIIVER I'.L 56.0C 6.51 56.04 0.00 62.55
6.DEl..D SEl.. C 59.52 1.20 21.41 2.48 31.09

-INTER CI'.TCIIHENTS CI'. 24.19 2.49(2) 0.08 15.19 2.48 18.35
-ZERO.... HAEIN CC 13.42 0.00 0.00 0.00 0.00
-UMK CE 1~. 46 1.13 11.61 0.00 12.14

1.MUJIB CD 50.18 0.00 7.21 0.00 7.21
8.W.SA CF 42.32 1.66(3) 0.39 14. 94 1. 66 16.99
9. N. WADI AMBA D 11.91 0.00 5.55 1. 35 6.90

-INTER CATCIIMENTS DA 2.52 0.00 0.21 1.35 1.56
-FEIFA DB 5.35 0.00 2.38 0.00 2.38
-K!V.NZEM DC 3.52 0.00 0.19 0.00 0.19
-DAHEL DD 0.69 0.00 0.03 0.00 0.03
-FIDAN DE 3.3B 0.00 1.2~ 0.00 1.20
-BOWEIRDA DF 3.62 0.00 0•• 3 0.00 0.13
-MUSI'. DG 0.C2 0.00 0.10 0.00 0.10
-HAw:JR DII 0.42 0.00 0.12 0.00 0.12

10.S. WADI AMBA E 3.01 0.00 3.01 0.00 3.01
- INTER CATCIIME.NTS El.. 0.32 0.00 1.B5 0.00 loBS
-ABU BARQA EB 0.09 0.00 0.01 0.00 0.01
-ROUKAIA EC 0.04 0.00 0.00 0.00 0.00
-WADI YUTUM ED 2.12 0.00 1.15 0.00 1.15

1l.SOUTHERN DESERT K+EDI2 1. 51 0.00 0.06 0.00 0.06
12.AZMQ F 16.06 0.00 2.35 0.00 2.35
13.SIRHAN J 2.32 0.00 0.00 0.00 0.00
14.w.HAD II 22.50 0.00 0.00 0.00 0.00
l5.JI'.FER G 10.58 0.00 0.82 0.00 0.82

TOTAL 513.96 23.49 286.98 6.00 316.41

NOTE: ~IEN BASE FLOW • ZERO, SPRING DISCw.RGE CONSIDERED
NOTE: WASTEWATER INCLUDED WITIIIN BI'.SE FLOW MEl..SURMr.NTS
III 4. 26 H:M FROM KAC TO AMMAN

(2)WATER FROM W.NUMEIRA FOR POTI'.SH INDUSTRY
(3lWATER FROM W.HASA FOR POTASH INDUSTRY
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Table 3-10. SURFACE WATER RESOURSES AND USES IN 1-990 -

Total Total
Ba:lin Name Ba:lin ION Re:lource:l U"e:l (HOi) U"e:l

(MOi) Munlclpal Il rrlqatlol Indu:ltry (HCH) Remarks
1.YARHOUK AT ADASIYA AD 114.70 9.39 82.40 0.51 92.JO 9.39(1)
2.GHOR -JORDAN VALLEY AB1 21. 95 0.10 17.72 0.00 17 .82
J.N.JORDAN R.SIDE ~IS ,0.1 45.71 4.95 52.64 0.00 57.59

-INTER CATCHMENT AB2 8.52 0.00 15.00 0.00 15.00
-~I AAAB AE 4.4J 0.00 25.45 0.00 25.45
-~I ZIGIJIJl AF 7.38 0.00 6.51 0.00 6.51
-~I JURAM AG 6.36 1.21 3.83 0.00 5.04
-~I YABIS AM 2.36 1. 31 0.23 0.00 1.54
-WADI KUFRINJA AJ 4.68 2.42 0.96 0.00 3.38
-WADI RAJIB AK 4.10 0.00 0.66 0.00 0.66

4.S.JORDAN R.SIOE ~IS A2 31. 39 8.75 15.43 0.00 24.18
-INTER CATCHMENTS AB3 3.64 0.00 0.00 0.00 0.00
-~I SIlUEIB AM 6.05 6.10 3.19 0.00 9.37
-WADI KAmAIN AN 10.36 2.57 9.07 0.00 11. 64
-~I IIISBAN AP 4.37 0.00 3.17 0.00 3.17

5. ZARQA RIVER AL 61. 43 6.50 77.22 0.00 83.72
6.0EAO SEA C 60.11 1.22 31.09 2.55 34.86

-INTER CATCHMENTS C/\ 23.85 0.07 17.99 2.55 20.61 2.55(2)
-ZERQA MAEIN CC 13.96 0.00 0.00 0.00 0.00
-KARAK CE 9.69 1.15 13.10 0.00 14.25

7.MUJIB CD 46.39 0.00 9.27 0.00 8.27
8. HASA CF 35.09 0.25 19.64 1. 45 21.34 1. 45(3)
9.N. WADI ARABA D 15.07 0.00 7.24 1. 31 8.55

-INTER CATCHMENTS D/\ 1. 70 0.00 0.20 1. 31 1. 51
-FEIFA DB 5.02 0.00 3.63 0.00 3.63
-KlIANZERA OC 3.13 0.00 1.20 0.00 1.20
-DAHEL DD 0.48 0.00 0.02 0.00 0.02
-FIDAN DE 3.00 0.00 1.14 0.00 1.14
-BOWEIRDA DF 2.10 0.00 0.13 0.00 0.13
-MUSA DG 0.91 0.00 0.80 0.00 0.90
-HAw::lR DII 0.32 0.00 0.12 0.00 0.12

10. S. '''l1\DI ARABA E ~. 74 0.00 3.03 0.00 3.03
-INTER CATCHMENTS F.A 2.71 0.00 1. 84 0.00 1.84
-ABU BARQA EB 0.14 0.00 0.07 0.00 0.07
-ROUKAIA EC 0.05 0.00 0.00 0.00 0.00
-WADI YUTUM EO 2.32 0.00 1. 12 0.00 1.12

11.S0UTHERN DESERT K+ED12 1. 69 0.00 0.05 0.00 0.05
12.AZRAQ F 14.01 0.00 2. J2 0.00 2.32
13.SIRHAN J 4.45 0.00 0.00 0.00 0.00
14.HAMAD II 24.61 0.00 0.00 0.00 0.00
15.JAFER G 5.92 0.00 0.91 0.00 0.91

TOTAL 549.06 Jl.lb JlI.llb :l.lll J:l4 ... ~

NOTE: WHEN BASE FLOW - ZERO, SPRING DISCHARGE CONSIDERED
NOTE: WASTEWATER INCLUDED WITHIN BASE FLOW HF.ASURMENTS
(1) 9. 39 HCM FROM KAC TO AMMAN
(2)WATER FROM W.NUMEIRA FOR POTASH INDUSTRY
(3)WATER FROM W.HASA FOR POTASH INDUSTRY
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Total Total
Basin Name Basin ION Resources Uses (tOll Uses Remarks

II-CHI Municipal Irrigation Industry II-CHI
YARHOUK AD 204.48 10.16 83.64 0.:>1 94. 91 9.:> (11
GHOR NEAR J. RIVER Jl.BI 23.13 0.08 15.13 0.00 15.21
RIFT-SIDE WADIS near ZARQA RIVER Al 0.98 3.63 34.46 0.00 38.09
RESTRICTED AREAS AB2 1.90 0.00 9.64 0.00 9.64

B W.ARAB AE 6.51 0.00 13.19 0.00 13.19
: W.ZIGLAB AF 8.15 0.00 5.91 0.00 5.91
D W.JURUH AG 9.49 1.13 3.46 0.00 4.59
E: W.YABIS AH 3.45 1. 49 0.25 0.00 1.14
F W.KUFRINJA AJ 4.33 1.01 1.02 0.00 2.03
i7 W.RAJIB AK 4.09 0.00 0.93 0.00 0.93

S.WADIS S.ZERQA RIVER A2 24.34 8.14 15.54 0.00 23.68

" RESTRICTED AREAS Jl.B3 3.50 0.08 0.00 0.00 0.08
B W.SHUIB JIM 6.69 4. 98 3.30 0.00 8.28
C W.KAFREIN AN 9.98 3.08 6.12 0.00 9.20
0 W.HISBAN AP 4.17 0.00 6.12 0.00 6.12

R.ZERQA J\L 65.31 1.60 72.18 0.00 80.38
DEAD SEA S.WADIS C 63.05 0.91 28.48 2.33 31.18

" RESTRICTED AREAS 1I.1Wi , 0.) CA 32.40 0.15 11.18 2.33 19.66 2.33121
B Z.HAEIN CC 21.96 0.00 0.00 0.00 0.00
C W.KARAK CE 8.69 0.82 11.30 0.00 12.12

HUJIB , WALA CD 80.49 0.00 6.00 0.00 6.00
HASA Cf 43.84 0.48 17 .61 1. 48 19.63 1.48(31
N.W.ARABA 0 11. 91 0.00 6.01 0.99 7.00

A REISTRICTED AREAS Oil 0.99 0.00 0.11 0.99 1.16
B W. FEIFA DB 4. 19 0.00 2.89 0.00 2.89
C W. KUNEIZERH DC 1. 90 0.00 0.96 0.00 0.96
0 W.DAHEL DO 0.10 0.00 0.02 0.00 0.02
E W. FIDAN DE 2.31 0.00 1.14 0.00 1.14
F W.BWEIRDII OF 0.96 0.00 0.13 0.00 0.13
G W.HUSA DG 1. 30 0.00 0.58 0.00 0.58
H W.HUWWAR DH 0.28 0.00 0.12 0.00 0.12
0 S.W.ARABA E 5.01 0.00 2.81 0.00 2.81
A REISTRICTED AREAS EA 2.64 0.00 1. 84 0.00 1. 84
B W. ABU BIIRGA EB 0.19 o.r) 0.01 0.00 0.01
C W.RUKAYA EC 0.35 0.00 0.00 0.00 0.00
0 W.YUTUM ED 1. 83 '0.00 0.91 0.00 0.91
1 S.DESEARTS , Q. 0151 K , ED12 2.15 0.00 0.05 0.00 o OS
2 AZRAQ F 22.14 0.00 2.32 0.00 7.32
.3 SIRHAN J 5.95 0.00 0.00 0.00 0.00
4 HJlHAD II 21. 33 0.00 0.00 0.00 0.00

.5 JAFER G 1.55 0.00 0.64 0.00 0.64

TOTJ\L 631. 32 31.66 285.59 5.31 322.56

IOTE: WHEN BIISEfLOO - ZERO, SPRING DISCHARGE CONSIDERED
IOTE: WASTEWI\TER INCLUDED WITHIH BASEFLOO HEASURHEHTS
(11 9. 5 HCM FROM KAC TO AMMAN
[21 WATER FROM W.HUMEIRI\ FOR POTASH INDUSTRY
(31 WATER FROM W. HASA FOR POTASH INDUSTRY
IOTE: HUN. WI\TER USED FROM SPRINGS NOT INCLUDED ltl WIITER RES'JURCES
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Table 3-12. LONG TERM AVERAGE SURFACE WATER RESOURCES AND USES (1963-1989)

RESOURCES IlSE.S.

Basin Name Basin Basin Area reCiPitatiOj Base Flow IFlood Flow I Spring Flow I Wastewater I Rcmarlcs I Total Total Use Remarlcs

IDN KM'2 (MCM) (MCM) (MCM) (MCM at Ret'.:..--nFlow I Resources Uses(MCM) (MCM)

I sourccVJ) r..lCM)(2) (lvICM) Municioal !ni2&tion Industrv

I I
1 YARMOUK foI) 6974.00 2738.00 27300 147.00 21.40 0.47 420.00 9.65 115.00 0.00 124.65 9.65(3)

A) SYRlANPART 5548.00

B) JORDAN PART 1426.00

2 GHOR NEAR JORDAN RIVER ABI 780.00 140.00 0.00 2.40 19.30 000 19.30(1) 21.70 0.08 19.00 0.00 19.08

3 RIFT SIDE WfoI)!S ncar ZARQA RIVER Al 946.00 442.80 36.07 13.91 49.33 1.32 1 49.98 3.63 56.26 0.00 59.8'

A RESTRICTED AREAS AB2 25700 8000 510 4.54 8.33 0001 9.6<1 0.00 13.50 0.00 13.50

f3 W ARAB AE 246.00 13060 1.15 5.00 0.34 1.181 6.15 0.00 6.49 0.00 6.49

C WZIGl.AB f\F 100.00 49.00 7.63 023 0.05 0.001 7.86 0.00 7.86 0.00 7.86
I

D W.JURUM AG 2300 9.00 10.27 020 10.27 0.00; 10.47 1.13 9.14 0.00 10.27
I

4.51E W.YABIS AH 122.00 65.40 2.62 1.63 4.57 0.001 4.25 1.49 3.08 0.00

F W.KUFRINJA AJ 103.00 61.20 5.88 1.00 12.70 0.14 6.88 1.01 11.69 0.00 12.70

I~
W.RNIB AK 95.00 47.60 3.42 1.31 2.10 0:001 4.73 0.00 4.50 0.00 4.50

SIDE WfoI)!S south of ZARQA RIVER 112 736.00 241.20 24.76 8.47 28.90 1.:24 [ 33.23 6.98 31.87 0.00 38.85

RESTRICTED AREAS. AB3 296.00 64801 1.40 213 0.00 0.001 3.53 0.00 1.40 0.00 1.40

I~
W.SHUIB AM 193.00 7680

1
5.60 1.80 9.10

1.2

4

1

7.40 3.90 8.26 0.00 12.16

W.KAFRElN AN 159.00 75.60
1

13.44 3.53 12.30 0.00 16.97 3.08 14.71 0.00 17.79

WHISBAN AP 8800 2400 432 1.0J 750 000 5.33 0.00 750 000 7.50

[SA) JU'.ARQA AL 415400 nooo' 33 5I 2567 38.91 31 II i 59.18 7.60 61.1& 0.00 68.78
I

SYRIAN PART 41500

I,,) JOI<IlAN I'AI<T .17.19.00

16 I)EAI) SEA SII)E Wf\I)!S C 1508.00 30370 5395 7.20 57.60 0.17 61.15 1.25 28.19 000 29.44

II IlESTliWTEI1 IIliEIIS (IIII1M .1' (II "11 111·10 fXI 11(,1 l\C1 :!l) l'iK 101 :!l} HI oon! .10 '11 07(, 17.IX 1M I')~X I (,4(4)

II I. MIIEIN l:l: .!ftl).VU /U /l} I J /·1 3.00 1700 UOO 20.74 0.00 0.00 0.00 0.00

C W.KAIlAK CE 1')')00 4X 50 611 3.17 11.30 OJ7 9.50 0.49 11.01 0.00 JUO

I MIIJIII.~. WAI.II ('\1 Co/!lIX) X'J') (XI .IX IlJ ~D~ 1600 0.25 83.64 0.00 6.00 0.00 6.00

8 IIASA CF 2603.00 29600 27.40 9.04 3.90 000 36.44 0.48 30.80 008 31.36. 0.08(5)
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Table 3-12. LONG TERM AVERAGE SURFACE WATER RESOURCES AND USES (1963-1989)

RESOURCES !lSES.

Basin Name Basin Basin Area reciPilati0l Base Flow Flood Flow Spring Flow I Wastewater i Remarks Total Total Usc RemarlcJ
ION I<M"2 (MCM) (MCM) (MCM) (MCM at Return Flow Resources UJes(MCM) (MCM)

so=e)(1) (MCM)(2) I (MCM) Municioal lnilZltion Industrv

9 NORTH WADI ARABA 0 2953.00 494.00 899 2.57 1563 0.12 18.20 0.00 15.75 0.00 15.75

A RESTRICTED AREAS DA 1257.00 9140 0.80 0.19 3.10 0.00 3.29 0.00 3.10 0.00 3.10

B W. FEIFA DB 162.00 52.00 431 0.26 7.43 0.12 7.69 0.00 7.55 0.00 7.55

C WKUNEIZERH DC 217.00 49.20 1.44 0.42 2.32 0.00 2.74 0.00 2.32 0.00 2.32

0 W.DAHEL DO 107.00 22.50 0.00 0.23 0.03 0.00 0.26 0.00 0.03 0.00 0.03..
E WFIDAN DE 287.00 72.80 1.64 038 1.70 000 2.08 0.00 1.70 0.00 1.70

F W.BWElRDH OF 513.00 132.70 0.80 0.16 008 0.00 0.96 0.00 0.08 0.00 0.08

G W.MUSA DG 165.00 32.00 0.00 0.70 0.88 000 \.S8 0.00 0.88 0.00 0.88

H W.HUWWAR DH 245.00 41.40 0.00 0.23 0.09 0.00 0.32 0.00 0.09 0.00 0.09

10 SOUTH WADI ARABA E 3742.00 234.50 0.00 3. 16 2.44 137 5.60 0.00 3.06 0.00 3.06

A RESTRICTED AREAS EA 1068.00 62.20 0.00 0.80 1.84 0.00 2.64 0.00 1.84 0.00 1.84

B W.ABUBARQA EB 141.00 18.40 000 0.37 0.60 0.00 0.97 0.00 0.60 0.00 0.60

C W.Rut<AYA . EC 210.00 22.80 0.00 0.19 0.00 0.00 0.19 0.00 0.00 0.00 0.00

D W.YUTUM ED 2323.00 131.10 0.00 1.80 0.00 137 1.80 0.00 0.62 0.00 0.62

II SOUTH DESERTS 4: Q. DlSI II< &: ED12 6296.00 240.90 0.00 2.15 0.05 000 2.20 0.00 0.05 0.00 0.05

12 AZRAQ F 13173.00 839.00 0.00 ;5.80 8.00 000 34.80 0.00 0.00 0.00 0.00

1\) SYRlANPART n100

B) JORDAN PMT 12400.00

13 SIRHAN J 1573100 353.00 0.00 10.00 0.00 000 10.00 0.00 0.00 0.00 0.00 I
14 HAMAD H 18047.00 1968.00 0.00 13.00 0.00 0.00 13.00 0.00 0.00 0.00 0.00
IS JI\FER G 12363.00 ~S2 00 0.00 10.00 1.92 000 11.29 0.00 1.29 0.00 1.29

.!:'''',••-''''''''_'':'''l~~''':;",:,-:''';'-':.~~•• ;-.~ .-~-:-:-_4 .:'.,"• ..--. -:,...~.-

~'-~·~r= ..-'-~·-·-:r" ---=r-----TOTAl. JORDAN PART 90000.00
I TOTI\I. UASINS I\REA %735.00 10722.00 495.78 326.91 26138 36.05 36.05(2) 860.41 29.67 368.45 1.72 399.84

NOTE: MUNICfI'AI. Wl\nill lISED FROM SPRINGS NOT INCl.lJllED IN WI\TER RESOURCES
(I) WHEN BASE FLOW· ZERO. SPRJNG DISCHARGE CONSIDERED IN TOTAI. RESOURCES
(2) WASTEW1\TER INCI.UDr:D WITHIN nl\SI: F1.0W MEI\SlmEMENTS
(3) 9.5 MCM FROM KAC TO AMMAN

(4) WATER FROM W.NUME1RA FOR POTI\SlllNDlJSTRY
(~) WAnil1 FROM W.IIASA 1'01{ I'OTI\SIIINDUSTRY
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Table 3-13. Ground Water Monltorin~Wells for Static Water Level Me~urement.!

SEQUENCE WELL NAME WA.J ICOORDINATES ELEVATION TOTAL STATIC WATER I IDS AQUIn:R MEASUREMENT GROUNDWATER

NUMBER mill East North 1M) DEPTHIM\ LEVEL 1M) IPPM'l MEmOD BASIN

I ADAYSIYANO.19 AB 1164 205.400 225.720 ·216.0 85.0 1 18.76 1056 Alluvium MANUAL IORDAN VM.IEi

2 ADAYsrYANO.2 AB 1\66 208.060 23l.S00 ·270.0 140.0I 5.Q3 2688 Alluvium MANUAL IORDAN VALLBY

3 ADAYsrYANO.23 AB 1168 204.070 215.440 ·210 171.0 21.80 4480 Alluvium MANUAL IORDAN VALLBY

4 DElR ALLA NO.6 AB 1\70 208.370 177.069 ·216.0 65.0 13.90 4800 Alluvium MANUAL IORDANVALLEY

5 RAMAlNAUR ROAD WELL AB 1338 211.740 136.090 ·211.0 Alluvium IORDAN VALLEY

6 S. SHOONEH WELL AB 1340 206.900 144.630 -150.0 97.0 633 Alluvium IORDAN VALLEY

7 KARAMEH WELL ABI341 205.150 149.550 ·158.0 105.0 Alluvium lORDANVALLBY

8 SUWEIMA NO. 11 AB 1342 206.525 \28.415 Alluvium IORDAN VALLP.Y

9 DElR ALLA NO.7 AB 1343 208.915 \77.\45 ·221.6 60.0 39.00 Alluvium MANUAL IORDAN VALLEY

10 WADI AI. YABISNO. I AB 1364 215.250 201.300 340.0 560.0 FLOIl-iJ}'O 441 A2 SID! CATCHMENTS

11 SOMAYA4 AD 1122 266.790 207.260 601.0 246.0 115.00 422 BVA7 YARMOUK

12 SOMAYA 1 (MOQBEL) AD 1148 264.360 204.060 622.0 150.0 138.79 592 B1IA7 RECORDER. YARMOUK

13 SOMAYA 2 (TORQY) ADI149 264.840 208.590 596.0 289.0 111.89 969 BVA7 RECORDER. YARMOUK

14 SOMAYA 3 (WARWEER) AD 1150 264.860 206.090 608.3 265.0 126.29 B1IA1 RECORDER. YARMOUK

15 YAMMON AD 1233 235.884 200.679 782.1 261 137.6 ·422 A7 MANUAL YARMOUK

16 M,\QARIN NO.2 Jiu 1277 232.600 236.988 91.0 241.0 51.05 1216 B2 RECORDER. YARMOUK

17 MUKHElBA(JRVNO.I) AD 1284 214.700 234.500 .70.0 1238.0 \1.08 191 BVA1 MANUAL YARMOUK

18 IABER AD 1327 263.000 213.000 610.0 264.0 112.88 621 BVA1 RECORDER. YARMOUK

19 KUFR ASAD NO.1 AE \003 217.050 225.150 106.0 263.0 46.30 551 BVA7 RECORD!lll SID! CATCHMENTS

20 T. FAHEL NO.2 AO 1003 208.800 207.600 ·20.0 210.0 37.28 1150 BIIB2 MANUAL StDB CATCHMENTS

21 D.r.5IUJ1Uum. Al. 1006 263.800 177.200 569.7 200.0 68.42 BVA1 RECORD!lll ~.zBRQA

22 T.W.5IDHULEIL AL 1040 271.100 177.900 595.6 165.0 90.30 BVA1 RECORDER AMMAN.zBRQA

23 T.W.6IDHULEIL AL 1041 272.400 171.450 567.6 155.0 50.00 B1IA1 RECORD!lll AMMAN.zBRQA

21 T.W.l5IDHULElL AI. 1043 267.\00 171.500 557.6 234.0 45.75 B1JA1 IlBCORD!lll AMMAN.zBRQA

2.\ nAQ'A (2) P-MIT AI.112S 22?770 1(.S.10.1 ronA 211.0 119.6 X. MANUAL AMMAN..zBRQA

26 13AQ'A(3) Al. 1430 229.021 165.035 631.0 276.0 151.45 K RBCORD!lll AMMAN.zBRQA

27 RUSElFA SPRlN0(8) AI. 1444 245.970 158.550 646.0 6.13 AtlUYium RECORDER AMMAN.zBRQA

2M I3AEJI (HUSSlilN AJRFOIlCIl nI\SH) I\t. 1521 270.660 193.180 629.0 246.0 168.00 B1IA1 IlBCORD!lll AMMAN..zBRQA

29 BAQ'A(II) AL \539 230.160 162.620 100.0 252.0 \58.30 K MANUAL AMMAN.zBRQA

30 BAQ'A(9) AI. 1541 231.100 164.530 678.6 202.0 153.30 K MANUAL AMMAN..zBRQA

31 AWAJAN AI. 1734 255.050 157.150 595.0 155.0 22.38 BVA7 IlBCORDER. ~-ZBRQA

32 BAQ'A(A6) AI. \892 230.300 \63.750 622.0 180.0 28.40 K MANUAL AMMAN.zBRQA

33 KM97.5 AL 1928 287.650 186.500 748.4 480.0 221.42 Banll RECORDER. AMMAN.zERQA

34 SEBAQ CLUB(13) AL 2333 247.300 155.100 101.58 A4 IlBCORD!lll AMMAN..m.QA

35 KM101 AL2689 298.800 \82.100 790.0 395.0 245.00 BualtIB1JA7 MANUAL AMMAN.zERQA

36 BA'E12 AL2695 279.000 200.030 718.5 261.0 223.57 BVA7 MANUAL AMMAN..m.QA

37 HOSSAYNIAT AI. 2691 275.200 189.940 651.7 270.0 138.15 BVA7 RECORDER AMMAN.zBRQA

38 HALLABAT OWl AI. 2698 281.000 169.\20 590.0 \20.0 65.22 Basalt RECORDER AMMAN.zBRQA

39 HASHEMIYA(6) AI. 2699 2.56.860 \70.340 54.90 B1IA7 RECORDER AMMAN-ZBR.QA

40 SAMRA I AI. 2700 158.190 173.100 524.3 92.0 \6.60 A1luvium1B21A7 IlBCORDER. AMMAN.zBRQA
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Table 3-13. Ground Water Monitoring Welb for Static Water Level Measurements

SEQUENCE WELL NAME WA.1 COORDINATES ELEVATION TOTAL STATIC WATER TDS AQUIFER MEASUREMENT GROtlND WATER

NUMBER !DII' East I North /Ml Dum 00 LEVEL/Ml /PPM) METHOD BASIN

41 SAMRA 3 AL2702 255.7601 172.120 506.2 95.0 19.52 AIIuriumlB2f.o.7 RBCORDER AMW,N-Z1!RQ.o.

42 BAQ'.o.(12) AL2719 230.100 164.550 624.0 159.0 96.95 X MANUAL ~..zl!RQ.o.

43 lCAFRAIN WELL AM 1032 210.600 139.560 .221.6 73.0 X IORDAN VAIJ.BY

44 SrNAQA2 CO 1005 254.350 86.200 747.0 400.0 100.30 W.o.7 RBCORDER DBAD SBA (MUJIB)

45 SfWAQA-3 CO 1010 252.700 88.870 108.0 71.76 612 B21.o.7 MANUAL DI!AD SBA (MUJIB)

46 QATRANA-9 CO 1012 249.440 76.120 710.0 223.0 102.62 632 WA7 MANUAL DI!AD S1L\ (MUJIB)

47 QATRANAI4 COI013 249.500 75.750 765.0 232.0 97.55 770 B21.o.7 MANtIAL DI!AD S1L\ (MUJIB)

48 SfWAQA-I CO 1114 251.330 86.900 719.0 74.0 57.65 608 W.o.7 MANUAL IDBAD SBA (MUJIB)

49 SfWAQA-7 CO 1120 252.950 87.050 727.0 246.0 63.30 563 B21.o.1 MANUAL DBAD SBA (MUJIB)

50 SrNAQA-5 COl1l8 253.300 86.870 721.0 170.0 79.15 132 B21.o.1 MANUAL IoBAD SBA (MUJIB)

51 EAST QA'IilANA-2 CO 1026 249.340 72.400 805.0 314.0 98.00 B21A1 MANtIAL DBAD S!!A (MtmB)

52 QASTAL-6 CD 1074 242.750 131.700 734.0 363.0 15l.75 480 B2JA7 RECORDER DBAD S1L\ (MtmB)

53 QASTAL-i CD 1075 2'8.300 131.400 750.0 325.0 115.00 B21.o.1 RECORDER DBAD SEA (MtmB)

54 WALA·II CO 1097 219.900 107.530 3~~.0 200.5 9.20 B21.o.1 RECORDER DBAD·SEA (MtmB)

55 WALA-I~ CD 1100 223.900 107.050 ~76.5 246.0 26.23 864 B21.o.7 RECORDER IDBAD sEA (MtmB)

56 DHAB'A·S70 CD 1136 249.800 104.040 740.0 201.0 153.00 1400 W.o.7 RECORDER IDBAD SEA'(MtmB)

57 WADI EX. HAMMAM CD 1137 246.280 110.430 710.0 170.0 90.00 1154 B2JA1 MANUAL DBAD SEA (MtmB)

58 1.AI1UN·2 CD 1153 224.940 61.110 873.0 235.0 121.00 B21.o.1 RECORDER DBAD SEA·(MtmB)

59 SOLTANI-S66 COIIH 246.280 59.080 835.1 97.0 84.15 732 B21.o.1 MANUAL DBAD SEA·(MtmB)

60 WADIAL ABlAD NO. 3 CDII82 248.800 46.000 855.0 232.0 95.19 729 B21.o.7 RECORDER DBAD SBA(MtmB)

61 ERNEIBEH NO.4 CD 1197 242.400 118.410 114.0 305.0 166.65 . B21.o.1 RBCORDER DBAD SBA (MtmB)

62 BREAICA. NO. I CDI212 253.600 115.500 709.0 347.0 16\.40 1619 B21.o.1 RBCORDER DBAD SEA (MUJlB)

63 UM RASSAS NO. I CO 1213 243.000 98.000 767.0 320.0 195.10 W.o.1 R!CORDBR. DI!AD SEA (MUJlB)

64 QATRANA·SI24 CDI214 249.300 73.250 800.0 94.56 B21A1 RBCORDBR DHAD S1L\ (MUIIB)

65 SIWAQA23 CD 1377 251.-tOO 80.800 350.0 115.37 6S3 'BVA7 MANUAL OHAD S1L\ (MU1m)

(,(, lIM 1!I~IJI\SI\ TIN CD 3116 220.0 130.40 B21A1 MANUAL DBAD SBA (MtmB)

67 I'A1.JQ 3 CO 31M2 258.500 88.500 202.0 B2I.o.1 RBCORDBll IoBAD SILt. (MUJlB)

68 HASA-15 CF 1074 248.300 27.200 903.0 230.0 106.00 4350 W.o.1 RBCORDBll IDBAD SEA (RASA)

69 TEll. BURMA (5121 ) CF 1078 228.700 2.080 10~6.0 171.0 58.18 422 B2 RBCORDBR DI!AD SILt. (RASA)

70 FEIFANO.11 DAI019 192,4~0 38.640 ·3~0.0 54.0 21.65 665 A11.mum RBCORDBR IORDAN VAIJ.BY

71 WADI MUS/\ NO. 5 0/\ 1023 180.490 977.090 251.8 341.0 80,48 711 A11.mum RBCORDER. IORDAN VAIJ.BY

72 WADI MUSA NO.9 OA 1026 179.450 987.300 213.0 150.0 72.22 AlIUYiln RBCORDBll IORDAN VAllEY

73 SAFINO.7 DA 1033 195.610 48.060 -3~2.0 82.0 24.40 142 AlIUYiln RBCORDER IORDAN VAllEY

74 SAFINO.3 DA 1038 194,480 50.650 ·376.5 46.0 0.80 544 A111nium RECORDBR IORDAN VAllEY

75 UM MlTHLA NO.4 OF 1000 180.820 981.200 178.2 208.0 111.53 1516 .o.lIlJ\'NmIB2JK. RECORDER. IORDAN VALLBY

76 lIM MI1liLA 1-B OF 1003 178.900 986.300 110.0 89.0 <2.66 1350 A111nium RECORDER. IORDAN VAllEY

77 QA'ASAID NO.5 EA lOll 170.750 951.950 202.0 AlIUYiln IORDAN VAllEY

78 YUnJM-8 EAIOl8 157.130 887.140 233.0 49.5 17.30 672 AlIUYNm RBCORDER. S. WADIARABA(YUTOM

79 AQABA-8 EAI019 147:930 886.7~0 23.3 40.0 4.62 A1tUYiln RBCORDER S. WADIARABA(YUTOM

80 AQABA-7 EA 1020 149.050 886.020 23.0 40.0 7.78 AlIUYiln RECORIlBR S. WADIARABA(YUTOM

"
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Table 3-13. Ground Water Monitoring Welh for Static Water Level Meamrements

SEQUENCE WELL NAME WAJ ICOORDINATES ELEVATION TOTAL STATIC WAn:R IDS AQUIFER MEASUREMENT GROtlNDWAn:R
NUMllER mN E.,t North lMl DEPTHlMl LEVEL/Ml /PPM) METHOD BASIN

81 DISI·M2 ED 1202 205.950 895.410 801.1 3420 76.82 240 DISI RECORDER S. WADI ARABA (YUTOM
82 DISI-MJ ED 1203 214.400 887.350 820.2 270.0 87.60 192 DIS! RECORDER S. WADIAR.ABA(YUTOM
83 DISI·M4 ED 1204 196.270 897.040 789.9 224.0 76.73 202 DISI RECORDER. S. WADIARABA(YUTOM
84 SAH'L SUWAN S3 ED 1303 217.500 884.500 825.0 163.0 85.50 237 DISI RECORDER S. WADI ARABA (YUTOM
85 QA'A KHRAIM 528 ED 1328 223.900 877.900 850.0 157.0 96.75 233 DIS! RECORDER S. WADIARABA(YUTOM
86 Az.lI/AllAQ F 1022 320.300 141.340 520.0 88.0 13.43 B5JB.4 RECORDER AD.AQ
87 Az.12/AllAQ F 1043 322395 149.404 517.0 255.0 4.50 510 BSJB.4 RECORDER. AD.AQ
88 Az.101AZRAQ F1060 336.710 140.290 521.0 116.0 4.95 1056 BSJB.4 RECORDER AD.AQ
89 KM136 FII25 323.900 173.850 802.0 310.0 306.00 BuaItJB2IA7 MANUAL AD.AQ
90 OB.2/AZRAQ F 1280 323.783 147.863 514.0 195.3 1.30 B51B4 RECORDER AD.AQ
91 WADI AL BUSHRIYA F 1308 320.920 165.870 710.0 275.0 184.20 BSJB.4 MANUAL AD.AQ
92 UI1iRUH NO.4 (SI18) 01345 206.790 969.710 13020 259.0 38.6& 774 B2 RECORDER IAFR.
93 HAMMAD PRODUCTION NO.3 HlOO6 448.5001 199.300 54 MANUAL HAMMAD
94 HAMMAD PRODUCTION NO.2 H 1055 440.500 223.500 670.0 54 MANUAL HAMMAD .
95 CHINESE CO. HI05S 470.900 220.100 54 MANUAL
96 ROWAISHED BR 3 HI060 453.000 217.800 54 MANUAL HAMMAD
97 WADI AL OOSEAN HI1I6 417.930 203.060 54 MANUAL HAMMAD
98 HAMMAD PRODUCTION NO.4 H2011 435.000 186.500 721.0 54 MANUAL
99 ROWAlSHED BR 2 H 1012 459.100 221.620 54 MANUAL HAMMAD
too H4M2 H2017 437.725 211.650 670.9 180.0 138.66 54 RECORDER HAMMAD

.101 MOHAlSHS36 KlOOS 234000 866.000 816.0 264.0 67.00 249 DIS! RECORDER HAST DESERT

NOTES 10 IlIoctronic rocorden havo boon wI.lled in """'1 ror monitorins the deep _quirer (132/1\7)
Tho.o woll. oro not included in Toblo 3·13.
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Table 3-14. Ground Water Quality Monitoring Wells

SEQUENCE Well WELL NAME I COORDINATES I ELEVATIONI TOTAL STATIC WATER TDS AQUIFER ANALYSIS

NUMBER InN East I North lMl DEPTBl1\<n LEVELlMl (PPM) TYPE
I I1 AD 1105 TAWEELEH 263.975 200.015 656.00 334 106.80 806 B2JA7 BIO.lCHEM

2 AD 1120 SAMA EL SIRHAN WSC 2 264.840 202.555 610.20 I 240 127.00 467 B2JA7 CHEMICAL

3 AD 1121 SAMA EL SIRHAN WSC 3 266.440 207.265 598.00 I 248 113.60 415 B2JA7 CHEMICAL

4 AD 1123 SAMA EL SIRHAN WSC 5 266.340 207.715 596.00 215 110.80 467 B2JA7 CHEMICAL

5 AD 1124 SAMA EL SIRHAN WSC 6 265.980 207.685 597.10 221 113.88 480 B2JA7 CHEMICAL

6 AD 1126 SAMA EL SIRHAN WSC 8 267.550 207.660 605.00 223 113.96 420 B2JA7 CHEMICAL

7 AD 1127 SAMA EL SIRHAN WSC 9 267.500 207.040 608.60 222 120.70 416 B2JA7 CHEMICAL

8 AD 1219 NAYMEH 1 232.200 208.800 680.00 196 173.50 380 A7 CHEMICAL

9 AD 1239 SAHAM 221.870 234.340 I 335.00 305 13.40 397 B4 CHEMICAL

10 AD 1262 SWEAL~ 258.860 211.775 631.00 385 169.60 518 B2JA7 CHEMICAL

11 AD 1273 SOHAEL TAL 264.160 I 203.700 I 619.00 270 512 B2JA7 BIO.lCHEM

12 AD 0536 RAHOOB SPRING 237.600 223.600 1 450.00 300 B4 CHEMICAL

13 AE 1001 KUFOR YOUBA 224.000 215.1 50 495.00 287 160.04 301 A7 omMICAL

. 14 AE 1004 FOARA 224.350 223.350 380.00 370 422 A7 CHEMICAL

15 AE 1007 WADIALARAB 1 211.947 224.188 11.00 B2JA7 CHEM.tBIO

16 AE 1008 WADI ALARAB 2 212.150 225.150 -26.00 B2JA7 CHEM8c.BIO

I 17 AE 1009 WADI AI. ARAB 3 212.650 225.600 -20.00 B2JA7 CHEM8c.BlO

18 AE 1010 WADI AL ARAB 4 213.300 226.500 27.00 B2JA7 CHEM8c.BIO

19 AE lOll WADI AL ARAD 5 212.850 222.550 50.00 B2JA7 CHEM.tBIO

20 AF 1001 DIER ABU SAID SPRING 216.300 212600 200.00 326 33.19 492 B2JA7 CHEMICAL

21 111 0520 QANTARA SPRING 220.100 191..100 ('llO.OO 4'0 A7 CllEMlCAl.

22 AI. 1004 UP3 260.072 176.300 560.00 115 33.70 350 A7 CHEMICAL

23 AI. 1022 DHULEIL 16 273.377 175.329 5822(, 165 114.60 307 BUill CHEMICAL

24 AI. 1023 DHULEIL 17 272.636 175.165 582.20 100 58.62 320 BUill CHEMICAL

25 AL 1026 DHULEIL20 273.651 174.611 518.30 100 6220 275S Dault OIF.MICAJ.

26 AI. .030 J» Ill'.Ell. 24 276.450 173.739 S22.20 100 69.12 301 Buall CHEMICAL.

27 AL 1032 DHULEIL25 274.316 173.938 .584.03 150 78.00 Basalt CHEMICAL

28 AL 1033 DHULEIL26 275.524 173.121 585.70 98 61.39 429 Basalt CHEMICAL

29 AL 11S6 KM95(BAKDAD6) 285.000 186.500 732.411 725 211.73 269 BualtlB2lA CHEMICAL

30 N.1193 KM94(AQIB2) 2H545 I8ll.075 723.00 305 183.15 382 BualtIB2 CHEMICAL

31 AI. 1225 KMI 04(UAQDAU4) 294.600 184.300 789.70 374 268.00 237 BualtlB2lA CHEMICAL

32 AI. 1235 KMI09(AQIB5) 299.220 182.600 788.40 344 264.40 224 BualtIB2IA CHEMICAL

33 AI. 1265 KM101(AQIB7) 287.500 186.500 750.00 339 239.30 150 BasaltIB2JA CHEMICAL

34 AI. 1273 KM 102 (AQIB8) 291.250 185.350 750.00 400 243.75 200 BasaltIB2JA CHEMICAL

35 AL 1274 KMI06(AQIBI0) 295.600 183:900 775.00 407 276.33 243 BasaltIB2JA CHEMICAL
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Table 3-14. Ground Water Quality Monitoring Wells

SEQUENCE Well WELL NAME COORDINATES ELEVATION I TOTAL ISTATIC WATER TDS AQUIFER ANALYSIS

NUMBER IDII East North I'M) DEPTH I'M) LEVEL I'M) (PPM) TYPE

36 AL 1410 GHALIB ABO ARABI 1 228.260 166.745 655.00 202 145.60 343 B'2JA7 C1iEM&BIO

37 AL 1428 BAQ'AI 230.550 164.300 681.00 194 140.40 380 K CHEMICAL

38 AL 1432 BAQ'A5 229.680 162.080 710.00 125 56.36 336 K CHEMICAL

39 AL 1485 I<M93(AQIBI) 282.680 186.530 708.00 268 170.93 356 B/82 CHEMICAL

40 AI.. 1489 ZAATRY (3) KAZEYEH 273.060 192.700 654.00 290 211.85 B'2JA7 CHEMICAL

41 AL 1493 SABHA 291.420 193.370 832.00 400 305.00 297 BasalllB2 CHEMICAL

42 AI.. 1494 I<M91.S 281.260 188.750 705.00 979 B2JA7 CHEMICAL

43 AL 1522 I<M81 272.350 192.440 656.0" 293 B'2JA7 CHEMICAL

44 AI.. 1542 AI.. YAZ.EADYEli 3 223.500 ]64.000 735.00 285 22.80 380 A4 CHEMICAL

45 AI.. 1558 KM90 281.250 188.770 691.00 293 168.95 435 B'2JA7 CHEMICAL

46 AI.. 1627 AI.. YAZEADYEH 2 223.160 163.450 860.00 252 83.00 380 A4 CHEMICAL

47 AI.. 1628 AL YAZEADYEH 1 221.100 162.700 860.00 276 144.89 380 A4 CHEMICAL

48 AI. 1716 TANNOR SPRING 220.500 201.600 450.00 385 A4 CHEMICAL

49 AI.. 1720 SOOF3.CA 234.025 190.150 620.00 131 32.25 450 AII2 CHEMICAL

50 AI. 1890 ADO NSEi\R (HOUSING WE!.!. 236.000 170.000 750.00 412 147.10 470 K CHEMICAL

SI AL2306 JAMAL AI..'DSHi\RAT 234.100 138.550 839.00 213 109.60 B'2JA7 C1iEM&BIO

.52 AI.. 2.112 SA'tID SHAI IIR 240.670 126.710 710.00 245 155.70 310 n'2JA7 CIffiM.tnIO

53 AI.. 2360 RAYASlIY 2 237.200 184.750 519.00 360 79.20 580 A2 CHEMICAL

54 AL 2709 AJ..HARARA 290.080 191.300 710.00 288 nualll82JA ClmMICAJ.

55 N.2717 EASTSOOF 3 224.300 190.150 625.00 131 32.25 405 A2 CHEMICAL

56 AL3004 I<M94.5 285.050 178.500 726.50 450 250 BualllB2 CHEMICAL

57 AL 3027 AM ALJ /\MAL (4) 277.840 190.024 662.00 290 141.90 454 B'2JA7 CHEMICAL

58 AI.. 3126 EAST HALABAT 2 278.896 166.428 590.00 134 74.16 B2 CHEMICAL

59 AL3127 EAST HALABAT 3 278.400 166.400 590.00 160 1'7.00 82 CHEMICAL

60 AM 1512 HEZEAR SPRING 219.600 158.400 560.00 450 A4 CHEMICAL

61 AM 1526 AI.. AZRAQ SPRING 222.050 158.810 750.00 250 A7 CHEMICAL

62 AM 1528 AL SHRAYEA SPRING 221.050 157.750 595.00 350 A4 CHEMICAL

63 AM 1530 AI.. BQOOREHEH SPRING 219.400 155.300 390.00 420 A4 CHEMICAL

64 CD 1005 SIWAQA2 254.120 86.200 747.00 170 60.79 616 B'2JA7 C1iEM&BIO

65 CD 1006 QASTAL2 240.630 129.650 783.00 266 98.00 B'2JA7 CHEMABIO

66 CD 1010 SIWAQA3A 252.700 88.200 750.00 103 78.76 612 B'2JA7 CHEMABIO

67 CD 1012 QATRANA9 249.440 76.120 780.00 104 B'2JA7 <:HEM4BIO

68 CD 1114 SIWAQA 1 251.330 86.900 727.00 74 67.65 608 B'2JA7 <:HEM4BIO

69 CD 1120 SIWAQA 7 252.950 87.360 264 63.30 563 B'2JA7 <:HEM4BIO

70 CD 1024 SIWAQA5 253.300 86.870 715.00 170 79.15 832 B'2JA7 CHEMABIO
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Table 3-14. Ground Water Quality Monitoring Wells

SEQUENCE Well WELL NAME COORDINATES ELEVATION TOTAL STATIC WATER TDS AQUIFER ANALYSIS

NUMBER m# East North fM) DEPTH 00 LEVELfM) (pPM) TYPE

71 CD 1026 QATRANA S (2) 249.340 72.400 805.00 314 98.00 B2/A7 <:HE1-W3IO

72 CD 1027 SOLAYMAN MBARBAKH 2S1.490 114.880 290 156.90 940 B2/A7 <:HE1-W3IO

73 CD 1029 SULTANIS83 246.014 56.700 829.00 187 80.00 896 B2/A7 CHEMABIO

74 CD 1041 MAMDOOH EL FAVIZ 241.600 120.850 243 155.50 439 B2/A7 CHEMABIO

75 CD 1046 MOTEB Z.KNAIA'N 247.790 117.595 200 139.50 S76 B2/A7 <:HE1-W3IO

76 CD 1047 \MAH'D HAMED 249.320 116.600 210 136.00 620 B2/A7 CHEMABIO

77 CD 1051 KHOLAEF AS SA'AD 24 I.S 40 116.550 267 130.S0 B2/A7 CHEMABIO

78 CD 1055 RAKAN EL FAVIZ 245.030 119.460 243 150.80 505 B2/A7 CHEMABIO

79 CD 1060 ALIELFAYIZ 234.275 134.260 775.00 270 15220 730 B2/A7 CHEMABI0

80 CD 1064 FAWAZABOIABIR 235.670 135.670 263 146.00 409 B2/A7 CHEMABIO

81 CD 1065 MONERAELFAYIZ 235.260 130.850 236 18240 339 B2/A7 CHEM.tBI0

82 CD 1068 A'KIF EL FAYIZ 240.700 129.700 300 148.70 B2/A7 CHEMABIO

83 CD 1070 TALALELFAYIZ 241.S00 119.500 710.00 248 145.70 470 B2/A7 CHEMABIO

84 CD 1072 QASTAL4 239.080 129.340 730.00 288 156.00 416 B2/A7 CHEMABIO

85 CD 1073 QASTAL5 239.550 128.760 m.oo 202 149.00 384 B2/A7 CHEM&BIO

86 CD 1079 QASTAL 11 239.2S0 130.700 205 16242 396 B2/A7 CHEMABIO

87 CD 1083 QASTAL 15 239.050 132000 745.00 224 167.00 B2/A7 CHEM.lBIO

88 CD 1110 QA1RANA 15 248.950 75.900 780.00 233 95.79 838 B2/A7 CHEM.lBIO

89 CD 1107 QATRANAII 248JOO 76.100 780.00 263 103.50 640 B2/A7 CHEMABIO

90 CD 1144 G1nJWAIR 4 220.750 62100 1000.00 156 94.74 600 D2/A7 ClIJo:MAI310

91 CD 1173 SULTANI-E3 248.930 55.011 837.00 147 79.00 896 B'1JA7 CHEM.lBIO

n CD IISI AllYADII 4 247.J80 47.800 850.00 180 98.40 D2/A7 CHEM.lBIO

93 CD 1310 NASHMI EL-FAYIZ 233.700 131.850 227 189.10 332 B2/A7 <:HE1-W3IO

94 CF 1016 HASA20 249.400 26.800 880.00 . 132 86.00 B2/A7 CHEM.lBIO

95 CF 1017 HASA21 250.400 26.500 B2/A7

96 CF 1024 IIASA 17 248.824 26.120 154 59.46 B2/A7 CHEM.lBIO

97 CF 1056 HASAI9 249.125 26.848 848.00 B2/A7

98 CF 1076 At FOIAIJ 3(P55) 223.170 0.487 1116.00 229 128.00 352 B2/A7 CHEM&BIO

99 CF 1079 TELL BORMA SOUll-I (S80) 229.290 1.130 1045.00 159 57.00 384 B2/A7 CHEM&BI0

100 CF 1080 TELL BORMA NORm (S79) 228.480 2.900 1045.00 88 57.00 384 B2/A7 CHEM.lBIO

101 ED 1023 AL-MORAIGHA 202000 947.000 1400.00 247 49.20 816 B2/A7 CHE.M&.BIO

102 ED 1307 ALGHALS7 208.000 882.440 805.00 692 66.68 214 DISI CHEM.lBIO

103 ED 1)19 DISI SI9 198.940 895.400 800.00 406 79.80 243 DISI <:HE1-W3IO

104 ED 1402 DISI-IM'NESHIR 2 207.4S0 891.200 806.00 403 81.41 233 DISI CHEM&BIO

lOS ED 1403 DISI3 207.160 888.320 799.00 403 7294 320 DISI CHE.M&.BIO

I
I
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Table 3-14. Ground Water Quality Monitoring Wells

SEQUENCE Well WELL NAME COORDINATES ELEVATION I TOTAL STATIC WATER TDS AQUIFER ANALYSIS

NUMBER ID# East North rMl DEPTH (M) LEVELrMl (PPM) TYPE

106 ED 1406 DISIW6 209.000 886.520 797.00 407 70.28 219 DISI CHEMl:BIO

107 ED 1408 DISIW8 211.180 887.380 798.00 402 68.81 236 DISI CHEMl:BIO

108 ED 1409 DISIW9 210.720 895.2S0 799.00 411 67.53 233 DISI CHEMl:BIO

109 ED 1411 DISI Wll 213.120 885.460 799.0) 412 67.53 204 DISI CHEMl:BIO

110 ED 1515 QUAIRA 2.PP9 181.600 909.900 m.oo 227 153.00 691 DISI CHEMl:BIO

III ED 1560 WADI YUTOM 12 159.900 885.960 338.00 73 42.00 704 SS&:GR CHEMl:BIO

112 ED 1570 WADI YUTOM 10 158.500 885.700 300.00 41 23.00 652 SSkGR CHEM&:BIO

113 ED 1576 WADIYUTOM16 . 162600 885.000 33200 39 36.00 640 SS&:GR CHEM&:BIO

114 ED 1585 WADI YUTOM I1.PP70 157.700 886.000 285.00 44 21.00 652 SS&:GR CHEMl:BIO

115 ED 1626 WADI YUTOM 15 162.200 884.850 422.00 121 85.34 640 SSkGR. CHEM&:BIO

116 F 1028 AZRAQ 1 321.477 150.502 537.00 203 24.76 270 B51B4 CHEMICAL

117 F 1029 AZRAQ2 322.143 150.334 527.00 212 14.43 278 B51B4 CHEMICAL

118 F 1030 AZRA.Q3 322157 149.842 521.00 210 8.48 281 B51B4 CHEMICAL

119 F 1031 . AZRAQ4 321.861 150.959 536.00 206 24.06 297 B51B4 CHEMICAL

120 F 1032 AZRAQ5 32\.232 151.204 . 541.00 204 28.45 290 851B4 CHEMICAL

121 F 1033 AZRAQ6 32\.828 15\.459 548.00 206 29.34 250 B51B4 CHEMICAL

122 F 1034 A7.RAQ7 323.259 149.360 516.00 204 4.58 384 B51B4 CHEMICAL

123 F 1035 AZRAQ8 321.508 152443 553.00 202 41.83 332 B51B4 CHEMICAL

124 F 1036 A7.RAQ9 323.217 150.188 52S.00 204 13.00 390 B51B4 CHEMICAL

125 F 1037 AZRAQ 10 322.749 149.872 521.00 203 7.78 473 B51B4 CHEMICAL

17.(, F 1():lK i\ZRAQ II :122.-125 149.1:19 517.00 6\ 4.86 336 1lS1ll.. ClIr:MIC/t.l.

\27 F 1039 AZRAQ 12 32\.723 147.792 528.00 209 16.07 288 B51B4 CHEMICAL

128 f 1040 A7..RAQ 13 321.195 148.359 532.00 205 20.70 672 B51B4 CHEMICAL

129 F 1042 AZRAQ 15 321.182 146.909 524.00 210 12.94 281 B51B4 CHEMICAL

130 F 1124 KM124 312.200 177.850 82S.00 436 30210 192 BualtIB2IA CHEMICAL

131 F 1297 KM 111 300.540 182020 779.80 395 254.14 202 BualllB2IA CHEMICAL

132 F 1305 KM134 322.300 174.500 710.90 432 333 BualtIB2IA CHEMICAL

133 F 1310 KM114 303.500 181.200 783.00 400 260.30 198 BualtIB2IA CHEMICAL

134 F 1312 KM1l2 301.400 181.800 787.80 400 264.85 2S0 BualllB2IA CHEMICAL

135 CF 1027 ABOURI 217.450 222S0 1185.00 205 54.00 326 B2IA7 CHEMl:BIO

136 CF 1037 ABOUR2 218.300 22900 1235.00 180 53.09 BVA7 CHEMl:BIO

137 G 1215 UDHROH7 205.600 970.300 132S.00 2S9 13.78 380 BVA7 CHEMl:BIO

138 G 1220 ABUL-LASAN-S100 ·196.130 941.720 1450.00 165 31.00 448 B2IA7 CHEMl:BIO

139 Gl230 Q'AMA'ANI 202800 996.300 132200 151 71.32 339 BVA7 CHEMl:BIO

140 G 1231 Q'AMA'AN2 202900 996.100 130200 101 54.00 345 BVA7 CHEM&:BIO
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Table 3-14. Ground Water Quality Monitoring Wells

SEQUENCE Well WELL NAME COORDINATES ELEV....TION I TOTAL ISTATIC WATER TDS AQUIFER ANALYSIS
NUMBER ID# East North (M) DEPTH (M) LEVEL (M) (PPM) TYPE

141 01235 SHOUBAKI 203.610 991.930 134200 97 34.00 315 BVA7 CHEM&.BIO
142 G 1240 ALARJAS34 214.900 982160 1150.00 281 FLOW 473 BVA7 CHEM&.BIO

143 G 1245 TAHOONAI 211.750 962000 1186.00 144 95.42 576 BVA7 CHEM&.BIO

144 GI250 ABUL-LASAN-S94 196.230 941.340 1483.00 104 20.00 640 BVA7 CHEM&.BIO

145 G 1255 AL-QORAIN 196.300 945.160 1400.00 259 19.54 480 BVA7 CHEM&.BIO
146 01399 UWHAIDAS60 204.100 950.500 1320.00 103 46.00 710 BVA7 CHEM&.BIO

147 G 1400 UWHAIDAS61 204.630 95U50 132200 95 38.00 774 BVA7 CHEM&.BIO

148 G 1315 SHOUBAK AGRICULTURE 200.700 989.400 1520.00 214 73.42 336 BVA7 CHEM&.BIO

149 G 1325 TAHOONA2 21l.S50 961.100 1125.00 104 2200 608 BVA7 CHEM&.BIO
150 G 1407 SHOUBAK3 200.200 992.800 1455.00 106 50.75 358 BVA7 CHEM&.BIO

151 H 1012 ROWAlSHED 1JH4 459.100 221.800 700.00 315 16270 B4 OIEMICAL
152 H 2015 ROWAlSHED 11H4 457.800 221.620 694.00 315 20205 B4 OIEMICAL

NQTES Sampling frequency about 4 samples per year

Samples collected lUing manual methods'

Complete chemical analysis· pH, Ec, Ca, Mg. K, No, Cl. S04, C03, HC03, N03

Biological • coliform. fccol coliform

Aquifen: B· basalt; SS &. GR • alluvium

Tablc includes the wells currently in the ground water quality monitoring program
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Tlble 3-15. nl,ic Hydroulic Propertle, orthe Aquirer Sy'tem, In Jardin

Aquirer Nlme Symbol
Depth to
Aqulrer
(meten)

Aquifer
Thlckne..
(meten)

Tron,mlsslvlty I Permeobllity
(meten"2/dlY) (meten/dl")

Stonge

Coemclent I
Speclnc
Clplclty

(m"3/hr/m)

Well Yield
(m"Jlhr)

Wlter QUIUty
I(SIUnlty DDm)

CommentJ\

~lem~~lIuv~_.. I 9a_1-L---I---------l I I I I I I j
Jordan Vallev Grouo

AlhM"F_ :::I:~ I -=1--1== I I I

-t;;~;~=~~==-=L=~---~j}C ····-jt~---F-·~·l!op--j~--- ~~l·.~j r~ 3;:~00 E.:2~: j

. -- ----1 1-1----jlf------

I~~- -------t~ Bu~II--E~J==~~~~l--loo:tO,OOo--1 4·100 1--------1 I 1300.3~ ~"lin~;;~~g~:
n.lq. Gmup

I~~~~ ---------··-----i=- ~j---l----- b-;;~..<Jal.~[~!:~an:~~L~i!.!'l.'!i~er system listed underbU!L~__1 I I I 1

Ri'am =J 04~.- _J~~:q~;u.~~n -.. .~--- - :---=--~-..-.. -.--~ci~~ - ---~so.o.·. L.~-~J. 7:to~ 19;:~~~ I==-_-~ ::: .;:;:::.: ,:.".. :,.,"",> '00> i, _ ..,..1
__SJr~~_!!~i!' !_5~ ~0.:~_J--< 244 <69 0.7· 8 850·1470

"Jlun ernul' -1-·_··---_·_/·_--_·
-------+----.-- I I

~_.2~_~llin~ty!-29<lQ i~ !C?!."c well,.

6· 58
20.60

__Q.04.~ _
7QO-: >J.Q,CJOO 1 1 _

Amman,:,Wldi Sir 13211\7-.- ----.

Y.rmlluk Iluin 30 - 450
j\i-~!l~-;;_______ __ ___.. -ioo :j_~

Sirhan IlL,in 46 . 1(,.1

___~lfc~Q...!!!_ ---- - 13..:_2SL_I__·~:~_I-·---l I I 50·108 I ~- I
--- ~~:~~;:~tc~;;;------ .... -- -------~}~ m--.Jrt-~-~- -----~----·-:t-::-:::~:- --:.:.::.______ 12·200 L=-.-----

___!I?~~;--:=-:=_~:_:-- ·.--=t-::A4:::=_t__I5Q~i3.3~:~t :~:,-: ~:-··I~ __-}3Q~:iIciQ.":: __ t.:'':''-=O:5,,:.60-=1~0Q<l.!..:~QOl:.=I_0.~ 30.130 I 300·400 I I

300·3~20·1101 .33.5~l~~~S=i;~---:-----.:; I-~ ; .:': ; ,::: ; ;

-------..--.-.--.. -----[--.-- ---J-.--- I --'--1'" - ··1-----·-·-·--1 I I I I I
O'~L_____________ .__p... _.lQ..:1~____ _ .__ __ 0.0018·0.25

Noles.
(1) The listed data are considered representative of the characteristics of the various aquifer systems and are based on accepted knowledge

and experience of the Artificial Recharge Working Group members.
The hydrologic and geologic literature and reports for Jordan should be consulled for more exact data and information regarding the hydraulic properties of the aquifer systems.

(2) The dala do not include the properties for hydraulically interconnected aquifers.

(3) Exploratory efforts have been proposed 10 investigate the potential for a Rum formation aquifer system belv,een the Zarqa and Disi formations in Wadi Araba.
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Table 3-16. Ground Water Resources Data for 1993

1949 167.451 465.241 -67.451 -216.3416.351461341.1111545128.691851156.541143.001 275.501 273.001Total

Safe Yield Municioal Industrial Irrigation I Pastoral Total Use (mcm) Negative Balance
Basin Ground Water (mcmlyear) No. of Pumpage No. of Pumpage No. of Pumpage No. of Pumpage (mcm Total No.
No. Basin Non-Ren. Renew. Wells (mcmlyear) Wells (mcmlyear) Wells (mcmlyear) Wells (mcmlyear) Non-RelL Renew. Non-RelL Renew. of Wells

I
I

26.391 11 0.131 1271 40. 52 11 Yannouk 40.00 26 0 0.00 67.04 -27.04 154
2 Jordan River Side Wadis 15.00 5 1.76 0 0.00 6 1.20 0 0.00 2.96 11
3 Jordan River Valley 21.00 16 5.31 1 0.04 160 36.80 0 0.00 42.15 -21.15 177
4 Amman-Zarqa 87.50 III 57.58 47 7.79 463 118.15 0 0.00 183.52 -96.02 621
5 Dead Sea 57.00 . 57 28.99 31 17.19 219 45.96 2 0.04 92.18 -35.18 309
(, Disi and Southern Desert 125.00 0.00 10 6.76 o .. 2.62 54 56.83 4 1.24 67.45 0.00 -67.45 68
7 North Wadi Araba 3.50 0 0.00 0 0.00 5 0.90 1

1;1

0.11 1.01 10
8 South Wadi Araba 5.50 8 1.56 0 0.00 24 2.80 0.07 4.43 36
9 lafer 18.00 9.00 9 3.36 3 0.86 74! 12.26 3.66 20.14 -11.14 99
10 Azraq 24.00 29

"·"1
2 0.06 408 25.00 10 0.36 49.81 -25.81 I 449III Sarhan

I
5.00 0 0.00 0 0.00 0 0.00 3 0.15 0.15 3

12 Hammad 8.00 2 0.44 0 0.00 5 0.69, 5 0.72 1.85 12

- • .I!'., , .. I - - . - -_. . - - - - . ~ -- ... ... ... "

N01~s:

Total safe yield is 418.5 MCMlyear including nonrenewable resources from Disi and lafer
Total safe yield without nonrenewable resources is 275.7 MCMlyear
Total overdraft (mining) from ground water re~ollrces is 283.77 MCM/ycar.
GroumJ water lilr indllstriaillse in Disi and Soulhern lkscrt comcs !i'om municipal wells.

J)ala from the UN))!' project dalnhasc.
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Table 3-17. Ground Water Resources Data for 1992

2116 171.021 443.061 -71.021 -193.6514.841421332.7111732129.1 71811147.3612611143.00 I 275.50![otal

Safe Yield Municipal Industrial Irriglltlon Pastol'lll TotAl Use (man) Negative Balance
Basin Ground Water (mcm/vear) No. of Pumpage No. of Pumpage No. of Pumpage No. of Pumpage (man' Total No.
No. Basin Non-Ren. Renew. Wells (mcmlyear) Wells (mcmlvear) Wells (mcmlvear) WeIls (mcmlvear) Non-Ren. Renew. Non-Ren. Renew. of Wells

I I
I Yarmouk 40.00 26 24.55 0 0.00 157 36.93 0 0.00 61.48 -21.48 183
2 Jordan Rivcr Side Wadis 15.00 6 1.63 0 0.00 6 1.0 I 0 0.00 2.64 12
3 Jordan River Valley 21.00 13 4.40 0 0.00 178 36.00 0 0.00 40.40 -19.40 191
4 Amrnan-Zarqa 87.50 103 57.09 46 9.41 433 106.77 0 0.00 173.27 -85.77 582
5 Dead Sea 57.00 51 25.06 30 15.92 1 237 45.79 2 0.06 86.83 -29.83 320
6 Disi and Southern Desert 125.00 0.00 10 6.56 0 3.01 70 60.39

~I
1.06 71.02 0.00 -71.02 86

1

7 North Wadi Araba I 3.50 3 1.28 0 0.00I 6 083 0.12 2.22 14
8 South Wadi Araba 5.50 8 1.39 0 0.00 22 3.34

I~I
0.09 4.82 1 34

9 Jafer 18.00! 9.00 9 2.05 1 0.32 60 16.43 2.96 21.76 -12.76 81
10 Azrag 24.00 30 23.06 4 0.51 558 24.53 10 I 0.31 48.41 -24.41 602
J 1 Sarhan 5.00 0 0.00 0 0.00 0 000 II 0.03 0.03 I
12 Hammad 8.00 2 0.29 0 0.00 5 0.69 31 0.22 1.20 10

I I
.. _.... , . .... _... ,

~ .. .-"" .... , ........... --- .... ... ......

Noles:
Total safe yield is 418.5 MCMlyear including nonrenewable resources from Disi and Jafer
Total safe yield without nonrencwable resources is 275.7 MCMlyear
Total overdraft (mining) from ground water resources is 264.66 MCMlyear.
Ground watcr for industrial usc in Disi and Southern Dcsert comc~ from municipal wclls.

Data from thc llNDP rrojcct dnlnhnsc.
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Table 3-18. Ground Water Resources Data for 1991

143.001 275.501 2451 149.721 801 ~_ 30.831 16691 325.931 34! 4.821 65.561 445.731 -65.561 -196.'731 ~28Jfotal

Safe Yidd Municioal Industrial Irrintion Pastoral Total Use (mcm) Negative Balance
Basin Ground Water (mcmNear) No. of Pumpage No. of Pumpage No. of Pumpage No. of Pumpage (mcm' Total No.
No. Basin Non-Ren. Renew. Wells (mcm!year) Wells (mcm!year) Wells (mcm!year) Wells (mcmlyear) Non-Ren. Renew. INon-Ren. Renew. ofWells

1 Yannouk 40.00 22 23.82 0 0.001 1571 45.18 , 01 0.00 69.00 -29.00 179
2 Jordan River Side Wadis 15.00 6 1.58 0 0.00' 6 1.01 0 0.00 2.59 12
3 Jordan River Valley 21.00 13 4.04 0 0.00 178 36.00 0 0.00 40.04 -19.04 191
4 Amman-7..arqa 87.50 98 61.45 52 7.16 412 102.63 0 0.00 171.24 -83.74 562
5 Dead Sea 57.00 48 25.47 26 19.95 217 42.09 I 0.04 87.55 -30.55 292
6 Disi and Southern Desert 125.00 0.00 9 5.86 0 3.15 61 5530 6 1.24 65.56 0.00 -65.56 76
7 North Wadi Araba 3.50 2 1.95 0 0.00 61 0.83 4 0.12 2.90 12
8 South Wadi Araba 5.50

1~1
U8 0 0.00 17 1 2.52 3 0.09 3.79 30

I 9 Jafer 18.00 9.00 1.75 I 0.27 59
1

16.521 7 2.84 21.38 -12.38 75

I 10 Azraq 24.00

2~1
22.35 I 030 551' 23.15 i 6 0.22 46.03 -22.03 585

~I
I

I IJ Sarhan I 5.001 0.00 I 0.00

~I 0.001 I O.oJ O.oJ 1

I 12 Hammad
I

8.00 0.27 0.00 0.69 6 0.23 1.20 13
1 I

.....

Notes:
Total safe yield is 418.5 MCMlycar including nonrenewable resources from Disi and Jafer
Tolal safe yield without nonrenewable resources is 275.7 MCMlyear
Total overdrafi (mining) from ground water resources is 262.29 MCM/yeM.
Gruund water fur industrial usc in Disi and Suuthern Dcsert comes from municipal wells.

Dala fi-om Ihe liND!' project datahns.:.

I
I

\...\art-h.;h\dataneed\tab3-1611:36 AM.wk4



Table 3-19. Ground Water Resources Data for 1990

65.371 445.101 -65.37[ -195.181 199315.261371329.4411645129.141801146.6412311143.00 I 275.50 ITOlal

Safe Yield Municipal Industrial Irri~atlon Pastoral Total Use (mcm) Negative Balance
Basin Ground Water (mcml ear) No. of Pwnpage No. of Pwnpage No. of Pwnpage No. of Pwnpage (mcm Total No.
No. Basin Non-Ren. Renew. Wells (mcmlyear) Wells (mcmlyear) Wells (mcmlyear) Wells (mcm/year) Non-Ren. Renew. Non-Ren. Renew. of Wells

I

1 Yannouk 40.00 21 22.14 01 0.00 150 49.27 0 1 0.00 71.41 -31.411 171
2 Jordan River Side Wadis 15.00 6 1.71 a 0.00 6 1.01 a 0.00 2.72 12
3 Jordan River Valley 21.00 14 4.20 0 0.00 166 35.00 a 0.00 39.20 -18.20 180
4 Amman-Zarqa 87.50 94 66.08 52 6.57 408 101.75 a 0.00 174.40 -86.90 554
5 Dead Sea 57.00 50 23.19 26 18.95 216 42.39 1 0.04 84.57 -27.57 293
6 Disi and Southern Desert 125.00 0.00 9 5.87 a 3.07 61 55.18 6 1.25 65.37 0.00 -65.37 76

NOrlh Wadi Araba 3.50 2 2.13 0 0.00

1~1 0.
87

1
4 0.07 3.07

:
137

8 South Wadi Araba 5.50 10 1.38 a 0.00 2.42 3 0.15 3.95 31
19 Jafer 18.00 9.00 5 1.56 1 0.25 59 18.08 8 2.73 22.62 -13.62 73

10 Azraq 24.00 20 18.18 1 0.30 54~1 22.781 6 0.22 41.48 -17.48 576
1I Sarhan

I
5.00 a 0.00 0 0.00 0.001 1 0.02 0.02 1

12 Hammad 8.00 0 0.20 a 0.00 51 8 o.n 1.66 13
I

0.69,

- -_. , ......... A_ • ... ........ ~ , .. ..... .. ......... .. , ~- , ~ _.. ,

Notes'
Tolal SlIf.; yield is 418.5 MCM/yenr including nonrenewable resourc.:s from Disi and Jafer
Total safe yield without nonrenewable resources is 275.7 MCM/year .
Total oYcrdrnO (mining) from ground wnl.;r rcsourecs is 2(,0.55 MCM/y.:nr.
(inlllmi wnl<:r lilr induslrinlus<: in Disi nnd Suulh.:m D':S~Tt COIllCS frolll Illunicipal wells.

""I" ('UIll Ih" liN"!' I'ruj"", d"l"h"s".
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Table 3-20. Ground Water Resources Data for 1989

143.001 275.}QI __ 3311_~1}~.311 801 29.081 16321 315.401 371 5.921 57.931 43Q.78L _-57.931 _-180.951 1980,fotal

~ s,r, ,Icld Municipal Industrial Irrigation I Pastoral Total Use (mcm) Negative Balance
Basin Ground Water (mcmlvellr) No. of Pumpage No. of Pumpage I No. of Pumpage No. of Pumpage (mcm Total No.
No. Basin Non-Ren. Renew. Wells (mcmlyear) Wells (mcmlyear) Wells (mcmlye:lr) WeUs (mcmlvear) Non-Ren. Renew. Non-Ren. Renew. of WeUS

1
I Yarmouk 40.00 21 22.11 0 0.00 150 50.05 0 0.00 72.16 -32.16 171
2 Jordan River Side Wadis 15.00 6 2.14 0 0.00 6 0.88 0 0.00 3.02 12
3 Jordan River Valley 21.00 14 3.83 0 o.or 166 35.00 0 0.00 38.83 -17.83 180
4 Amman-Zarqa 87.50 94 59.63 52 6.09 396 98.94 0 0.00 164.66 -n.l6 542
5 Dead Sea 57.00 50 21.51 26 18.70 215 41.59 1 0.05 81.85 -24.85 292
6 Disi and Southern Desert 125.00 0.00 9 6.46 0 .. 3.74 61 46.58 6 1.15 57.93 0.00 -57.93 76
7 North Wadi Araba 3.50 2 2.11 0 0.00 7

1.l
7

1

4 0.10 3.38 I 13

I Jo

South Wadi Araba 5.50 10 1 1.88 0 0.00 18 1.98 3 0.06 3.92 31
Jafer 18.00 9.00

2~1
1.38 1 0.25 59 18.08 8 3.86 23.57 -14.57 73

Azraq 24.00 17.06 1 0.30 549 20.44 6 0.58 38.38 -14.38 576
I II Sarhan

I I
5.00

~I
0.00 0 0.00 0 0.00 1 0.02 0.02 1

I 12 Hammad 8.00 0.20 0 0.00 5 0.69 8 0.10 0.99 13I
I I.-

Notes:
Total safe yield is 418.5 MCM/year including nonrenewable resources from Disi and Jafer
Total safe yield without nonrenewable resourccs is 275.7 MCMlyear
Total overdraft (mining) from ground watCT resources is 238.88 MCMlyear.
Ground water fill' illdu~lrialusc in Disi and Southern lksert comcs from municipal wells.

Datn from the lIND!' projecl database.
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Table 3-21. Existing and Proposed Dams

Dam Nlimc

I
Scquencc # I ¥ellr

r
Coordinates

I
Storagc

I
Ground Water , Associated Artificial Recharge

for Man I I
Constructed East North (MCM) Basin Aquifer Potential

Existing Dllms
King Talal 1 1979 225.729 177.692 78.00 Amman - Zarqa - No

Khaldiyeh 2 1983 276.550 175.250 1.10 Amman· Zarqa B2IA7; Basalt Yes

Wadi Arab 3 I 1985 209.851 224.625 16.90 Rift Side Wadis · No

Ziglab 4 1967 208.750 214.500 3.00 Rift Side Wadis I · No

Shueib 5 1969 209.800 145.900 1.50 Rift Side Wadis Alluvium Yes

Kafn:in 6 1968 213.400 139.850 2.50 Rift Side Wadis Alluvium Yes

AI-Karama 7 UC 202:2·18 1~7.803 55.00 Jordan River Valley - No

Sarna AI Sarhan 8 1963 268250 209.800 I 1.70 Yannouk · No

Ghdeer 1\1 Ahy.,d 9 1901 264.175 200.700 I 0.70 Yarmouk R2IA7 Yes

Ilownydnh
I

10 19(,1 248.800 207.775 0.70 Yarmouk No

Sullallah I J 1962 245.500
57.8

00
1

1.20 ID~ad Sea 13211\7 Yes

Qalrnllah 12 1')(.2 240.000 74.000 1.80 D~ad Sea B2I1\7 Ye~

Siwa4a IJ . 1991 252.300 87.225 2.50 Dead Sea IJ2/A7 Yes

I{njil 14 1'N1 154650 137.290 I 3.50 Azraq Dasal!; Alluvium Yes (7)

Ruweished 15 )992 433.200 241.100 10.70,l-lammad · No

Burq 1(. 1'X10 42X(,OO 227.600 1.50 Illaml1lad - No

I'n>pllscd Dams
I
I

Wehdeh I 21200(, 217.(.50 225.00 Ynnllouk · Nil

W"t1iWIIIII 2 22h .. \h() IOIl.C>22 1).10 l)ell<l Sen 1l2l1\7 Yes

Mujll. .\ 227.7111 94.900 15.00 Dend Sca 132/1\7 Yes

Tallilour 20')850 44.600 16.80 Dead Sea No
I

4 ·
,Iunl.,n., 5 220.283 S %5.686 2.30 lofer 134 Yes

I\bu Ili/ila (, '161.500 IX6.500 2.(,0 Ilnl1ll1lod · No

"-alrein 1,;"lcnsion 7 213.400 139.1150 7.10 Rill Side Wadis Alluvium Yes

Fidan 8 186.800 9.250 6.00 Wadi Araba · No
Qa'a 9 217.700 S 968.950 0.53 lafer B4 Yes

Wah~ydah 10 214.465 S 956.099 1.77 Jafer 84 Yes

Not~s: MCM - million cubic mclers

UC ~ under eonslntetioll
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Figure 3-4. Distribution of Precipitation Monitoring Stations
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Figure 3-6. Distribution of Evaporation Molliloring St.ations
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Figure 3·11. Generalized Stratigraphic Column of Jordan and AQuifer Potential

AGE J 1SYSTEM
THICKNESS AQUIFER

(MMYEAR) ERA EPOCH GROUP FORMATION SYMBOL ROCK TYPE RANGE (m) POTENTIAL
, I soil, sand, gravel ? Good to Excellent0::

HOLOCENE >- Alluvium Qalw>- w
~o:: -1
0::« -1

1.5 I
«z

PLEISTOCENE ~ Lisan IV3
marl, clay, evaporites IPoor

0 ::J

<5 a z 300+
«N PLIOCENE 0

I
Samra conglomerate with silicious 100 - 350 IFair0 >- 0:: Neogene JVl-2 cement, sand, and gravel

I
Z lvlIOCENE
w 0:: 0

70 I 0 « OLIGOCENE --:>

1=
EOCENE

I
W. Shalia B5 limestone, chalky and marly I 350+ IPoor0::

w with elauconiteI-

PALEOCENE
« Falij B4 chert and limestone 30 -50 Gooda

10:: MAESTERlCHTIAN -1 Muwaqqar B3 chalk, marly chalk and marl 300+ Poorw

~
CAMPANIAN

CD I chalk, limestone with phosphateAmman B2 30 - 120 Excellent

SANTONIAN Ruseifa Bl chalk, marl, marly limestone 0·75 Poor

(/) TIJRONlAN Wadi Sir A7 limestone, dolomitic, some chert 65·100 Excellent
::J Shueib A5/6 limestone, marlv limestone 70 Fair to Poor0 w z

140 I I W -1 .::J Hummar A4 dolomite. dolomitic limestone 60 - 120 Good to FairU 0 -1« 0 CENOMANlAN J Fuheis A3 marl. marlv limestone 80 - 120 PoorI-
~ «w

I
Naur Al/2 limestone, dolomitic limestone, 250 - 350 Good

0::
u marly limestone

U 10:: ALBIAN

I
Subeihi K2 sand, shale, clay, and sandy

0

I~
CD

N ASTIAN ::J limestone
0 Z
if) NEOCOM1AN IX

I
I 230 -270 IPoor

W ::J
;::: PORTI.ANDIAN ex:: A;mb KI sandstone, marl, and shale

u OXFORJ..)li\N
(/)

COLLOVIAN(/)

2()(J I I « BAT! JONIAN

I
llulIi I Z2 Ilimestone, marlstone, sandstone,cr:

::J BAJOCIAN and shale I 200·250J «
LIASSIC a0::

I I u KEUPER ;:s I IPoor
(/)

230 I I
(/) MUSCHELKALK Main 21 limestones,shale, sandstones,
~
0:: BUNTSANDSTEW and evaporites I ?I-

'._.J
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