Aquifers in the Region
Ground water from wells and springs is the most important source of water supply in the region, providing
more than half of the total water consumed in our region. There are over 20 ground water basins in the
region, each with layers of water bearing rock (aquifers). Three of the more important aquifers are the
Mountain Aquifer (western and eastern), Coastal Aquifer, and the Azraq Aquifer.
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For more information on aquifers in the region, refer to the Overview Repor in
the “Water Facts” section on the WaterCare Web Site at: www.watercare.org.
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Map of Aquifers in the Region
Water flows below the surface
toward the Mediterranean Sea in
the West and the Jordan Rift and
Dead Sea in the East. Some aquifers,
such as the Azraq, drain into the
center of the drainage basin. The
arrows on the map show the flow
direction in each aquifer.
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In the Belly of the Mountain: The Mountain Aquifer
The Mountain Aquifer, eastern and
western, extends along the central ridge
from the southern slopes of Mt. Carmel
in the north to the Beersheba (Beer Assabe’) valley in the south.
The aquifer consists mainly of highly
cavernous and fractured limestone and
dolomite, which are excellent waterbearing rock layers. Excess cracks and
caverns cause ground water to flow
rapidly in these rock layers.
Rainwater that falls in mountain regions
percolates into the aquifer’s formation
through natural recharge areas. The water infiltrates into the aquifer
layers and reaches the aquiclude (a combination of marl and clay rich
in calcium bicarbonate). Along its route, the water is trapped beneath
the coastal zone, in the valleys of the Jordan River and the Dead Sea.
The aquifer water used by residents of the region is pumped by a complex
system of wells. Because of the structure of the rock layer of the aquifer,
adjacent wells affect one another, meaning that pumping from one well
rapidly lowers the water table of an adjacent well. Although the quality
of the aquifer water is excellent, increased pumping may lower the water
table of the aquifer causing saline water to penetrate
and salinize the water in the aquifer.
Since the aquifer rocks are full of cracks and large spaces, the movement
of water within them is quite rapid, thus restricting its filtering ability.
If pollution occurs over the recharging area of the aquifer, such as a
garbage dump washed out by rain or a sewage system leak, the pollution
can spread quickly over a large area and pollute the ground water in the
entire aquifer.

A limestone and dolomite rock landscape in the mountain region
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Eastward, to the Dead Sea

Westward, to the Mediterranean

Upper and Lower Watershed in the Mountain Area
The water flows (both on the surface and below ground) from the watershed to
both sides of the mountain, part flowing to the Mediterranean, and part to the
Jordan Valley and the Dead Sea. The water bearing layer, forming the Mountain
Aquifer, is composed mainly of fractured limestone and dolomite rocks.

Surface flow
Underground flow

נוףשלסלעיגירודולומיטבאזורההר
≤∑

Water-Drops in the Sand: The Coastal Aquifer
The coastal aquifer extends along the coastal plain bordering the sea. It consists
of sand, sandstone, and calcareous sandstone (sandstone mixed with limestone),
all granular rocks with porosity permitting very good movement of water. The
aquifer thickness varies from 170 meters thick in the south, to 20 meters in
the north. The aquifer layer rests upon a thick clay and marl layer, impermeable
to water (aquiclude). Within the aquifer itself are non-continuous impermeable
clay layers (sort of lens shaped), above which water collects and forms perched
aquifers. (see illustration on p. 22)
The coastal aquifer, which borders on the Mediterranean Sea, is an unconfined aquifer, so recharging takes
place whenever rain falls anywhere on its surface and percolates downward. Saltwater penetrates into aquifer
layers located under the sea and spreads eastward. Where the saltwater meets freshwater in the aquifer, a
zone known as an “interface” is formed between the two bodies of water (fresh and saline). Along this
contact zone, a “battle” goes on – saltwater advancing from the sea toward land and freshwater advancing
toward the sea from the land (see explanation on following page).
The coastal aquifer is located in an area characterized by a very dense population. Due to increasing
population and agricultural development of the region, pumping from this aquifer has increased to the extent
that the future water supply is being threatened. Natural recharge of the aquifer from rainfall cannot keep
up with the pace of development and water needs of the region. In the last few years many wells have been
sealed due to salinization and pollution. To prevent irreversible damage to the ground water in the aquifer,
the rate of pumping from it needs to be reduced. Since the aquifer is close to the surface, various pollutants
(excess irrigation water containing sewage, solid wastes, fuels, pesticides or fertilizers) can enter it directly
with the rainwater and contaminate the water.

Before

After

≤∏

Why a clay layer does not permit water to percolate
Clay minerals absorb water, causing the clay to swell.
The small pores between the clay grains are then obstructed
and water cannot percolate through.
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Saltwater

Freshwater is not as dense (weighs less) as seawater
so it floats on top of the saltwater. The contact area
between the freshwater layer and the saltwater layer
is known as an “interface”.
Pumping freshwater out of the coastal aquifer reduces
the amount of freshwater in the aquifer. When the
pressure exerted on the saltwater by the weight of the
freshwater is reduced, seawater rushes in and claims
areas within the aquifer. That is one way salinization
of freshwater occurs, rendering it unsuitable for domestic
and agriculture use.

Calcareous sandstone
aquifer

Cross Section through the Coastal Aquifer

Clay lens
Aquiclude

The water in the Coastal Aquifer percolates between
grains of sandstone and calcareous sandstone.
In many places the water collects in small aquifers
(perched zones) underlain by lenses of impermeable clay.

Sandy landscape on the Mediterranean seashore
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Roots of a Desert Oasis: Azraq Aquifer

The Azraq Basin covers 12,200 square kilometers in the northeastern part of the
Jordan Plateau. The major feature of this basin is the geological depression of
Wadi Sirhan. Both ground water and surface water drain into the depression to
form the Azraq Oasis.

Ground water in the Azraq basin is found in three sub-aquifer systems: (see cross-section on next page)
(a) A shallow aquifer consisting mostly of basalt rocks (hard, dense, volcanic rock) combined with conglomerate
(a rock composed of pebbles and gravel embedded in a cementing material) and coarsely-grained sand. These
rocks contain brackish water. The aquifer’s recharge area is located in the mountains surrounding the Wadi
Sirhan depression and the ground water is discharged into the Azraq Oasis.
(b) A medium-depth aquifer consisting of limestone and chert (a very hard, dense flint rock). The water that
flows into the aquifer originates in more remote recharge areas, the slopes of Jabel Al-Arab and the AmmanKarak plateau.
(c) A lower-level aquifer consisting of sandstone. Water in this aquifer is ancient (it has remained in the
aquifer from a rainier epoch - perhaps some 20,000 years ago). Today, it discharges at a slow rate into the
Wadi Sirhan depression. Part of this water flows towards the Jordan Valley and the Dead Sea where it
surfaces as mineral-rich hot springs.
Most of the water in the Azraq Basin is concentrated in the upper aquifer that is the main source of water in
this region. During the 1980’s, numerous wells were drilled there, and water that was pumped fulfilled the
water needs of the farmers in the area and those of greater Amman. Increasing demands on this aquifer,
however, have caused the water table to decline by several meters. As a result, some of the Azraq springs became
saline, some dried up, and the Azraq Nature Reserve was severely damaged. The water authorities are implementing
a plan to reduce pumping by 2 million m3 per year.
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Recharge from rainfall in the Azraq area is small
compared with the quantity of water being
pumped. Due to this, the water table is falling
in the region, as seen in the graph.

≥∞

The water in the upper
aquifers flows eastward along
the slope of the layers. It
percolates through cracks and
along the rift plane to the
lower sandstone layers and
continues westward, bursting
out as hot springs in the Dead
Sea area.

Activity 5
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Nature of an Aquifer
Use the following table to compare the three important aquifers of our region described in this chapter.
Type of rock

Quantity of water

Water quality

Unique problems

Solutions

Coastal Aquifer
Mountain Aquifer
Azraq Aquifer

Waterscapes of the Azraq Oasis have attracted migratory birds on their way
north and south. Today, as the water dries up due to over pumping, these
waterscapes are becoming very rare.
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And the Leftovers… Are Up Above: Surface Water
“Leftover” water, that small portion of rainfall that neither evaporates nor soaks into the
ground, flows on the surface through gullies and wadis or artificial channels, draining finally
into lakes, reservoirs, or flows into the sea. This is called surface water or surface runoff water.
The land area that drains water to a stream, river, lake, or ocean is called a watershed.
Watersheds come in many different shapes and sizes. Some contain mountains and hills, and
others are nearly flat. The water flowing in the watershed crosses deserts, forests, farm fields,
pastures, villages, and cities, with all these affecting the water flow. The boundary between
two adjacent watersheds is called a Water Divide.
The few perennial streams (streams that contain water throughout the year) in our region are
fed mainly by large springs. Most streams in the region are “ephemeral” steams, which are
streams that are dry throughout most of the year and flow only after a heavy rainfall.
When the volume of rain exceeds the ability of the soil to absorb it, the water will flow on the
surface and drain into the stream channels. Sometimes, after an extremely heavy rain, however,
powerful floods occur and the streams fill with water for several hours. The water suddenly
roars, drags, rolls and hurls whatever stands in its path, from giant boulders and broken trees
to household, industrial and agricultural waste.
Floods are important events in the watershed. They occur when the quantity of water exceeds
the stream’s ability to contain the quantities of water within its banks.

Flood in the Azraq area: the fierce current took part of the road with it!
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Map of Drainage Basins and Watersheds
Surface water in the region ultimately flows
to the Mediterranean Sea, the Red Sea or
the Dead Sea. In the desert watersheds,
water flows on rare occasions during floods,
and most of the water evaporates or
penetrates into the ground. Ephemeral
streams are marked by a broken line. We
can see that most streams in the region
are ephemeral.

Flow toward the Jordan River
Flow toward the Dead Sea
Flow toward the Dead Sea through Wadi Araba
Flow toward the Red Sea
Flow toward the Mediterranean
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Flood in the Dead Sea area
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Surface Water in Our Region
Surface water is very limited in the region because of generally low
rainfall and high evaporation rate – and most of the water is utilized.
The principal watersheds are the Jordan River Basin, Lake Tiberias Basin,
and the Yarmouk River Basin.
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INTERNET

For more information on surface water in the region,
refer to the WaterCare Web Site - “Water Facts”, at
www.watercare.org
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On the Riverbank: The Jordan River
The Jordan River is the largest stream in our region. Perhaps due to this or due to its glorious history, the
Jordan is considered a “river” by the local population and the world.
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The upper (northern) part of the Jordan River drains surface runoff and streams from the eastern upper
Galilee, the slopes of Mount Hermon and the Golan Heights. On its way south, the Jordan River traverses
the Hula area. Until 1955 the Hula Valley contained a lake and extensive marshes. The marshes were drained
by excavating two channels that drained the swamp formed along the Jordan’s natural channel. From the
Hula Valley, the Jordan drops down a deep canyon from an altitude of 70 m above sea level to Lake Tiberias
at an altitude of 210 m below sea level.
The Jordan River exits Lake Tiberias and meanders southward across soft marl rock of the Jordan Valley until
it spills into the Dead Sea. About ten kilometers south of its emergence from Lake Tiberias, the Jordan River
collects the waters of the Yarmouk River. At the point where the Jordan meets the Yarmouk, the river
collects the runoff of dozens of streams and tributaries from the east and the west. The river continues to
wind southward through a narrow strip covered with dense vegetation (called “Ge’on Hayarden” in Hebrew
and “Zhor” in Arabic), and drains springs located along its path, as well as irrigation runoff and sewage
water. The distance between Lake Tiberias and the Dead Sea is 100 kilometers, however, due to its winding
nature, the Jordan River actually measures 192 kilometers long. The water streaming into it, particularly
its lower (southern) parts is loaded with salts derived from salt springs along its route and also from similar
springs along the shores of Lake Tiberias. The saltwater is diverted through channels southward to prevent
the entry of the salt water into the lake. Additional quantities of salt come from sewage water and irrigation
runoff (more saline than fresh water).
In the past, the Jordan River supplied water to the Dead Sea at an average rate of 1,150 million m3 per year.
Today, most of the Jordan River’s water is trapped in its northern part and diverted through channels for
irrigation of agricultural crops. At the end of its course, the polluted and mineral-rich water of the “Great
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The Jordan River begins at the confluence of three streams, its principal tributaries: Dan, Banias (Hermon)
and Snir (Hasbani), each of which receives water from springs that issue from the limestone and dolomite
rocks on the slopes of Mount Hermon and the Golan Heights. From there, the Jordan River flows southward
gathering runoff water from the slopes of the Upper Galilee and continuing its flow through Lake Tiberias.

Wadi Za
rqa

±

Dead

Sea

≥µ

Mid-Sized... Holding a World Record: Lake Tiberias
Lake Tiberias is the largest body of fresh water in the region. The world has much larger
lakes, but this is the only freshwater lake located 210 meters below sea level!
covers an area of 160 square kilometers and when filled, (meaning that the water reaches the
uppermost water level mark), holds more than four billion cubic meters. On the average, 900
million m3 of water flow into Lake Tiberias every year. The source of this water is from two
watersheds: the Jordan River Basin - which provides 600 million m3 via the Jordan River, and
the Tiberias Basin watershed that collects the water of streams and springs that flow directly
into Lake Tiberias.
As Lake Tiberias is the largest readily accessible source of freshwater in our region, a large
quantity of water is pumped from it and used throughout the region. The water level of the
lake fluctuates constantly as water enters and leaves it (due to evaporation and pumping).
However, the authorities responsible for Lake Tiberias make certain that the water level always
remains between the “maximum level” in a rainy year, and the “minimum level” in a dry year.
During especially rainy years, when the water level reaches a maximum level (“upper red line”)
excess water is directed to the Jordan River by opening a dam (gate) located in the southern
part of the lake in order to prevent floods. Extremely rainy years, unfortunately, are very
rare, and this dam is not in great use.
The more serious problem stems from lack of rain, when the water level in Lake Tiberias drops
below the “lower red line,” the minimum level of 215.5 m below sea level (in 2001). Water
levels falling below this line can damage water quality, pumping plants, and docks located
along the lakeshore. Water levels below the red line also can cause a change in the ecological
balance of the lake by stimulating the growth of various algae that damage water quality
and may kill some of the fish.
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Some researchers theorize that in addition
to these issues, there also is a serious danger
of salinization that would be stimulated by
a drop in the lake water level.
The theory is that when the pressure from
the column of freshwater decreases (low
water level) salty water from springs at the
bottom of the lake will rise and flow into
the lake. Many researchers hold that there
is no such danger. These salt springs are
mainly located along the western shore of
Lake Tiberias. In order to prevent this
scenario, the flow of some of the springs
is diverted before it enters the lake by a
channel named the “saline carrier” to the
Jordan River below the lake and from there
to the Dead Sea (which is already salty
anyway…).

The saline carrier of salty spring water to the Jordan River.
The photograph also shows clearly the retreating shoreline of Lake Tiberias.
Just a few years ago, the water came close to the carrier channel!

Aside from being a very important water
resource, the lake also is a major site for
diverse human activities: agricultural,
fishing, and recreation.

The upper red line and the lower
red line of the Kinneret. We all
await the years when the Tiberias
water level rises past the upper red
line.
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Big-Little Brother: Yarmouk River
The Yarmouk River is the largest tributary of the Jordan River south of Lake Tiberias. Its
watershed includes the northern slopes of the Jordan Plateau, the southern slopes of the Golan
Heights and Jabal Al-Shiek (Mt. Hermon). Along its route from Jebel Druze (Jebal Al Arab)
to the Jordan River, several tributaries contribute to its flow. The four principal tributaries
are: the Raqqad, Allan, and Al-Harir from the north, and the Shallalah from the south.
The average annual precipitation in the Yarmouk watershed is 420 mm per year, but the
northwestern part of the watershed receives 1000 mm per year, while its southern part receives
only 250 mm per year. In the past, the Yarmouk River discharged about 450 million cubic
meters of water a year into the Jordan River. Today, most of its water is used upstream, with
part of it pumped to Lake Tiberias, and the rest diverted to the King Abdullah Canal (formerly
Ghor Canal) that begins its route as an 800-meter tunnel leading to the Jordan valley.
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The water that runs into the Yarmouk River from the springs in its watershed has decreased in recent
years due to pumping and utilizing their water for various needs. The decrease in water quantity also
has affected the quality of the water in the Yarmouk River, which has deteriorated as a result of the
inflow of pollutants from various sources. Water from the Yarmouk River is divided among neighboring
countries.
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The Yarmouk River’s water flows through
a tunnel and open channel to the King
Abdullah Canal carrying it for use by
residents of the Jordan Valley.
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Jordan, Tiberias, and Yarmouk
ACTIVITY 6

Compare the surface water resources: the Jordan, the Yarmouk and Lake Tiberias
according to the table below
Water quantity

Water quality

Water use

Production
methods

Unique problems

Solutions

Activities

Jordan
Tiberias
Yarmouk
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An Opening to the Underground: Springs
Fresh water gushing from rocks once was perceived as a marvelous
gift from nature. Springs have played a major role in the water
economy of our region for thousands of years. Firstly, they are an
important source for most perennial streams in the region. Secondly,
their water can be captured, stored and used in the summer.
Throughout history, spring water was captured in the region by
means of advanced water systems, such as channels, tunnels and
cisterns, which collected and carried the water to convenient
storage sites for later use.
Water that issues from major springs is usually of very good quality.
As it flows through the aquifer’s rock materials, several kinds of
minerals dissolve into it. The “mineral water” that we drink comes
from springs.
Spring water is ground water that discharges through natural
openings in the ground, and springs are common in areas of
fractured limestone and basalt. Springs may vary greatly in the
volume of water they discharge; some springs are very small,
appearing only as seeps where water oozes slowly from the aquifer,
while others are quite large, such as the Dan Springs, which feed
the Dan stream. The quantity of water flowing from any spring
depends on several factors:
(a) The size of the recharge area.
(b) The rainfall quantity in the area.
(c) Numbers of springs fed by the same aquifer.
(d) Volume of well-water pumped from the aquifer that also
feeds the spring.
(e) The differences in altitude among the opening through which
the spring issues, the water level in the aquifer, and the size
of the opening.
Springs flowing from free water-table aquifers tend to have small,
extremely variable flows and are influenced greatly by climatic
conditions. Such springs may cease flowing during periods of low
precipitation. Springs issuing from confined aquifers, however,
have larger and more consistent flows, and are less affected by
climate than springs issuing from water-table aquifers.

Water issuing at the foothills of Mt. Hermon, rushing mightily in the Hermon stream
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