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In the name of Allah
the most beneficent and merciful

“We made from water
every living thing”
(Al Qur’an 21:30)
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His Majesty Sultan Qaboos Bin Said

His majesty Speech
Of all the Gifts with which God has blessed us, water is the greatest. It must be cherished and husbanded.
Every effort must continue to be made to develop this resource. If extravagance is forbidden by Islam,
it is even more applicable to water.

Indeed, Islam emphasizes in its teaching that it is our duty to conserve it. We cannot stress too strongly the
need to observe the conservation measures laid down by the government in this respect.

The use of this vital resource throughout the world can have a great impact on future development strategies
and indeed could become a decisive factor in political tension and thus world security.

His Majesty Sultan Qaboos Bin Said
18th November 1991
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Introduction
The city of Salalah lies in the extreme southern part of the Sultanate of Oman within a narrow plain surrounded by a series

of green mountains in the form of several wadis originating from these mountains and flowing through the salalah plain
to discharge directly into the Arabian Sea.

During the last 60 years, Salalah has been subjected to a series of cyclones. Some of the more noteworthy events happened
in 1948, 1963, 1966, 1979, 1983 and 2002. The last cyclone triggered floods which caused severe damage to farms, private
properties and infrastructure.

On His Majesty’s directives to protect the city of Salalah from damages similar to 2002 flood, the Ministry of Regional

Municipalities and Water Resources appointed specialized international consultants to undertake a detailed design,
prepare tender documents and supervise the construction of flood protection and recharge dams in Dhofar Governorate.
The Study updated all Hydrological and Hydrogeological studies. Intensive Geotechnical investigation and Geophysical
surveys were undertaken for all previously proposed and new sites. The study concluded that the best solution to protect
the city of Salalah from floods was of the construction of a dam north of Salalah airport .

Consequently, the Ministry of Regional Municipalities & Water Resources commissioned in 2007 the construction of the
dam to protect the city of Salalah from floods.
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Floods
The Governorate of Dhofar witnessed a series of destructive tropical

cyclones, the most severe of which occurred on 10 May 2002.
The Cyclone caused serious damage to governmental and private
establishments, infrastructure, farms and properties belonging to
citizens.

There are many factors that aggravate effects of floods, such as the

topography of the area particularly in respect of Salalah town which

lies in a relatively low area, lack of adequate drainage systems. Thus,
besides construction of dams, the ideal solution to flood problems lies
in sound planning based on in depth scientific studies.
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Geographical location
The main mountain ranges of Oman are along the coast line and they separate the coastal plain from the interior sandy
deserts. Al Hajr Al gharbi and Al Hajr Al Sharqi forms the mountain ranges in the north and Dhofar mountains in the
south.

Dhofar Mountains also known as the Al Qara Mountains – rises to about 1500 m from a crescent in southern Dhofar
behind the narrow coastal plain on which is located the provincial capital of Salalah.

Salalah flood protection Dam is located on the Salalah gravel plain, just to the north of the airport fence and south of the
existing by-pass road. This area was chosen as it will provide the highest level of protection

for the city. The satellite image below shows the position of the dam in relation to the city of Salalah.
The latitude and longitude of the dam are approximately 1730‘03°”N and 5400‘07°E and the dam is about 15m above sea
level on the average.
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Objectives of
the Project
The main purpose of the project is to provide

greater degree of protection to the city of
Salalah against floods which usually are the
results of infrequent cyclonic events.

The Secondary objective of the dam is to
enhance water resources and supply of water

to the city and neighborhoods through

recharging ground water. This will be achieved
through natural infiltration of the water

from the reservoir into the aquifer. A direct
improvement to the current Salalah well field

will be achieved due to the location of the
reservoir directly upstream of the well field.
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Geology
Interceptor-Guard Dam alignment traverses the alluvial deposits of the Salalah
Plain. Wadi Jarsis crosses the embankment towards the right abutment and

numerous smaller, and shallower, wadis and drainage channels traverse the
plain. These smaller drainage features carry flow from the Salalah Plain and

the face of the Jabal Qara escarpment, with flow likely to occur as flash floods
of moderate to significant intensities.

The top soil under the foundation up to 1-2 meter depth is dominated by loose

gravels. Loose material was identified beyond the surficial material which

is dense to very dense and appears to have undergone some cementation.
All materials overlying the limestone consist of matrix supported gravel
and cobbles, with varying concentrations of sand, silt, and clay. The gravelly

materials extend to greater than 25 m depth along the right abutment,
gradually decreasing in thickness towards the left abutment to less than 4 m.

Calcareous rocks of the Adawnib Formation underlie the gravel sequence,

and consist of calcareous mudstone, marl, and limestone. The depth to the bedrock varies along the alignment, although

it roughly mirrors the elevation of the ground surface. These rocks are generally moderately to highly weathered and are
of low to medium strength. Slightly weathered to fresh grey limestone was identified at only a few locations and was of
slightly higher strength, averaging medium strength.
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Hydrology
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for specific return periods are summarized in Graph 2 and Graph 3.
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Catchment Area
Catchment characteristics of the rivers and tributaries upstream of the proposed dam play a significant role in the generation
of flood and run-off volumes that can occur in the mountains and the flood planes downstream of the mountains. The
catchment for the dam was calculated as about 150km2 with the longest water course of 24km. The maximum altitude is
968m above sea level.
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Reservoir

After analysis of the flooding and estimation of the risk of damage to the city, it was decided to size the dam to be able
to store the probable maximum flood (PMF). This is the highest level of protection that can be achieved for the city of

Salalah making use of this specific dam. The PMF value is 6200m3/s representing the significant volume of 77.2 x 106 m3

of water in the reservoir. The reservoir will cover nearly 917 ha. when full. It will extend for some 3.5 km upstream of the
dam.

Flood lines for various return periods are shown here.
A detailed topographical survey of the dam reservoir area was executed and the reservoir volume for different water levels
was calculated as shown in the graph presented here.
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Components of the project
The project included the construction of a dam to protect against flood hazards in Salalah, Dhofar
Governorate, following the highest specifications and highest standards of safety used in the
construction of such dams.
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Body of the dam (Embankment)
The embankment of the dam is 6.121km long with maximum height of 21.25m. The embankment is mainly constructed

from granular fill material that will be sourced from the reservoir area. Reno- mattresses are used to protect the upstream

face (water side) of the embankment against wave action and wind erosion. The downstream face is protected by rip rap.
The Crest width is 6m long including concrete crest wall with walk way and asphalted road.

Plastic concrete core
Plastic concrete cutoff
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Cutoff Wall & Core Wall
Plastic concrete wall (cutoff ) below the dam foundation and into the underlying rock is provided to prevent underground

seepage. The cutoff wall is 5413 m long and 0.7m wide with a maximum depth of 17.90 m below foundation level.

Plastic concrete wall (core) is provided in the embankment core to prevent any infiltration from upstream side to the

downstream side. The core wall is 5413 m long and 0.7m wide with a maximum depth of 19.44 m from crest level, height
of each layer is 1.2 m (4x0.3 m).
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Drainage System
Comprise the following:

Drain layer

Rip Rap (M)

To drain water infiltrated through core wall

to avoid sliding of downstream abutment.

of the embankment. The grading of the
material ranges from 75 mm to 5 mm with
a thickness of 1.2 m.

Drain collector pipe

To collect the water infiltrated in the
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embankment and drained by the drain layer

Relief Pipe

and the water from underground seepage
collected by relief wells. PVC slotted pipes
with various diameter from 450 mm to

200 mm protected by filter material and
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geotextile.
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Relief wells

A total of 63 wells in manholes spacing 100 m and 60 m with depth between 15 and 20 m were installed along the
downstream toe of the dam to collect underground water coming from upstream through cut of wall to avoid water under
pressure on the downstream dam foundation.

Drainage outlet

This was designed to release surface water drained in the embankment and underground water collected by the relief wells

in the Salalah drainage network when it is empty. Occasionally clean water may be used for services or irrigation. An outlet
GRP pipe 700 mm diam and 3384 long from the downstream embankment toe through sedimentation chamber to the
outlet to release in Salalah drainage network.

SPillway
Axis

Retaining wall

Embarkment Top

Drainage Line
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Spillway and Stilling Basin
A gabion emergency spillway located on the right bank
is provided for extreme situations. The length of the
spillway is 75m long and was designed to discharge a

flood of 1730m3/s. Water will be released into wadi
Sumr through 1200m long earth channel. The left

bank embankment slope and top are protected by
reno mattresses gabion boxes 0.3 m thickness. There
is also a stilling basin at a length of 16 m with gabions

filled with rocks and protected by Rip Rap designed to

dissipate energy of water spilling over the dam and to
reduce flowing water velocity.
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Cross-section of spillway and Stilling Basin
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Intake Tower &
Service Tower
The dam is provided with a concrete intake

tower of 23.40 m height with two intake

openings at different levels. The diameter

of the outlet pipe of the intake tower is
1 300 mm. This structure will be used to

operate sluice gate valves for dam reservoir

dewatering and to install level recorder and
is connected to the dam crest by bridge laid
on 2 concreted pillars.

The dam is also provided with concrete
service tower of 20 m height. This structure

will be used to supply clean water for service
or irrigation and connected to the dam crest
by a bridge laid on 2 concreted

pillars. This tower is composed
of three pipes 81 m long (2

pipes 250 mm diameter, 1 pipe
150 mm diameter).
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Service Outlet Tower
Main View
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Bottom Outlet
The dam is provided with bottom outlet pipe to release water from

the dam reservoir to the Salalah drainage network when it is empty.
The diameter of the pipe is 1300mm and the length is 3277m from
the downstream embankment toe to the Salalah drainage.

At

approximately 400 m intervals it has “T” sections for inspection and
is also fitted with side arm for the attachment of air release valves if
required at a later date to discharge into Salalah drainage network.
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Settlement pegs

35 settlement pegs were installed and 8 reference points were

established in the dam body to monitor the vertical movements
of the dam body.

Seapage flow measuring weirs

Flow measuring weirs are incorporated into the drainage
system to monitor the discharge flow.

Water level recorder

A water level recorder with constant monitoring and data
recording facilities is installed at the outlet tower, to monitor the

water level fluctuation at the reservoir and to give information

Monitoring System
The monitoring system of the dam consists of the following

about the quantity of the retained water.

Sediment pegs

35 sediment pegs are installed upstream of the outlet within

components:

the lowest area of the impounding area, to assess the sediments

Piezometer

will be removed when the need arises.

A total of 23 open tube piezometers are installed at different

quantities and thickness at the reservoir, bed. These materials

levels on the downstream slope of dam to monitor seepage

Water level indicators

the recharging efficiency at the downstream.

and the spillway retaining walls within the stilling basin

through the dam body and its foundation and for monitoring

Water level indicators are fixed to the main intake outlet tower
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Relocation
of Affected
Properties
Falaj
To replace the existing section of Falaj

which was affected by the dam in order

to keep or to improve the existing water
supply for cattle and farms downstream
the dam.

1 720 m of traditional masonry hollow

blocks and cemented rip rap open channel
0.5x0.5 without siphon through the spill
way channel.

75 m of fusible ridge through the spill

way channel.
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Water supply installations
To replace the existing water supply installations (wells, water lines, power lines and control cables in order to provide
the same services and safety as the existing installations.

Relocation of existing water well Alpha6 in an area located downstream the dam including building, water lines,

fittings (air valves, gate valves), power lnes and control cable.
Relocation of power lines of water wells TP6 and TP12 .

Relocation through the dam, water lines 600 mm diameter for Salalah reservoir and for Salalah distribution at chain

age 1+000.
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Safety Enhancement & Beautification
Fencing:

To protect farms and restrict entry to the downstream side of the dam 2 meter high fencing is installed.

6 meter welded mesh double gates at each end of the project and one on the left bank of the spill way channel. 1 meter
pedestrian access gates of welded mesh construction at the base of stairways and one to the side of the central gateway.

Crest lighting:

Decorative poles with twin lights were installed along the downstream side of the crest road. A total number of 375 poles,
15 m spacing, was erected.
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Painting:

All the concrete elements were painted with non toxic epoxy paint. Two colors were used. The upstream side of the crest
wall together with tower tops and access bridges were painted blue with the rest of towers. The spillway retaining walls and
downstream face and top of the crest wall painted in sandy color.

Planting:

Downstream the dam planting and irrigation scheme is installed. Rows of palm trees and shade trees were planted with an

automated irrigation system controlled. The total number of trees planted was 531. The irrigation system includes storage
tank, pump house and control room adjacent to the deap borehole built inside the fence.
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Environmental
Assessment

There is a limited development in the dam site and reservoir

area which was affected by the project in terms of the existing
irrigation channel, Salalah well field, by pass road, electric
power lines, buildings, houses and agriculture land. During
construction there was a slight impact on flora along the
proposed dam scheme due to dust nuisance. The project doesn’t

have any significant impact on the sites of national historical
or cultural heritage. The dam scheme is carefully sited to avoid
historical sites. None of the endangered birds and mammals

is known to occupy or range into areas that will be impacted

by the project facilities. It is not anticipated that any toxic
or hazardous materials will be used during this project. The

needed materials were available from within the reservoir area

and provided strong and stable general fill for use in the outer
portions of the dam after processing. It is proposed to use

as rip rap materials proceeded boulders were obtained from
burrow areas located in the reservoir area.
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Economic
Return & Future
Development
The main objective of the project is to protect the city

of Salalah from the risks of floods and consequently

to limit losses of lives and damages to infrastructure.
Also the project will contribute to the development
of economic, agricultural and tourism activities. In
addition, the project will provide additional water
resources through the recharge of groundwater
aquifers.
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Conclusions
1.

To carry out the directives of His Majesty consisting of the protection of the city Salalah from flood, the Ministry

of Regional Municipalities, & Water Resources successfully completed the construction of Salalah flood protection Dam
located at the northern side of Salalah Airport

2.

The dam is capable of storing the Maximum Probable Flood. The dam storage capacity is 77.2 million cubic

3.

It is designed to provide the maximum flood protection of the town of Salalah and mainly the area downstream

4.

The dam offers opportunities for investment and further commercial industrial and tourism development as a

5.

It also raises security and morale for the population and thereby enhancing all aspects of life in the Salalah area.

6.

Furthermore, it improves the water resources situation in Salalah area through the retention of flood which is

meters. It is 6121 m logged and has a height of 21.25 heights dam. The dam is designed for maximum security.

the dam and to limit damages and destruction resulting from floods and cyclones.

result of the elimination of the risks of destructive floods.

usually lost to the sea. Such water can be taken directly from the reservoir or used to recharge groundwater aquifers.
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