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HIS MAJESTY SULTAN QABOOS BIN SAID
4

My dear People,
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.
From the speech of
HIS MAJESTY SULTAN QABOOS BIN SAID Sultan of Oman
on the 21st Anniversary of Oman’s National Day18th November 1991
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P r e fac e
From an economical point of view, most of the commercial, financial, industrial, administrative, urban development,
tourism and cultural activities of the Sultanate are taking place in Muscat Governorate. Unfortunately, two very
important areas of this Governorate (Al Amerat and Qurum) are under the continuous threat of Wadi Aday flash
floods which often occur with little warning causing property and infrastructure damages, community disruption
and even loss of lives. Following the devastating floods caused by the cyclone Gonuin June 2007, the government
decided to implement “a comprehensive flood protection scheme” consisting of seven large dams located in Al
Amerat bowl plain and the exit of Wadi Aday gorge. This scheme will be implemented with the aim of reducing/
eliminating the danger caused by extreme floods, securing major Qurum commercial and residential areas at Al
merat from flooding, thus allowing for further commercial development and investments attractions.
Wadi Aday is a flashy wadi which has experienced very swift floods in the past.
From 1983 to 2003, 37 flow events were measured in wadi Aday, i.e. in average, 1.7 flow event per year. The
average volume of flow is 950.000 m3.
The dramatic AWC (Gonu) cyclonic event the 6th June 2007 is the longest duration of continuous precipitatios (24
hours) ever recorded in Muscat, generating a runoff volume of water about 115 million m3 at wadi Aday bridge.
Numerous roads were seriously damaged, including As Sultan Qaboos Street, since the Irish crossing was under
designed. The Qurum Round About and adjacent existing buildings were completely flooded. Numerous cars
have been washed away by the flood. The Royal Oman Police carried out many rescue operations, saving people
stranded in vehicles caught in the wadi and marooned houses. Air traffic, bus services, traffic were disturbed for all
the day and even longer at some places.
Economical consequences of the floods were mostly disastrous for the Qurum commercial area and industrial
entities and showrooms located in the flood plain of Wadi Aday Gorge.
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B16

G2

Al Mahag

Wadi Aday Gorge

B6

Al Jufainah

B15

Al Amerat Heights

B4.1.2

Mandinat Al Nahad S

B4.1.1

Main characteristics of the 7 large dams

Mandinat Al Nahad N

Name
Dam Id.
Dam Height
Type
Vol. Storage
			
(m)		
Capacity (MCM)
					

Al Amerat Heights

B15

22

Embankment

22

Wadi Aday Gorge

G2

45

Embankment

26

Al Jufainah

B6

28

Embankment

16

Al Humaniyah

B7-2

58

Concrete

8.6

Madinat Al Nahdah N

B4.1.1

16

Embankment

4

Madinat Al Nahdah S

B4.1.2

20

Embankment

6

Al Mahag

B16

18

Embankment

5

10

B7.2

Al Humaniyah

I n t ro d u c t i o n
The Wadi Aday Flood Protection Dams are designed to obtain maximum flood protection effectiveness
for a major rare cyclone event similar to AWC (Gonu). The flood protection dams are based on the
capturing of peak flows to prevent high flow rates from occurring in the downstream areas in addition
to the betterment of downstream channels and flood plains to reduce the risks of flood damage by
increasing downstream channels capacities, building new bridges, channel training works and local
lateral dikes. All technical, economical and environmental issues were taken into consideration in
developing the scheme.
Consequently 7 dams will be constructed to store more than 87 Million cubic meters of water. River bed
improvement works consisting of excavation and stripping of wadi bed below the current level will be
implemented. New bridges will be constructed in the Qurum area to enhance infrastructure of existing
already constructed bridges in coastal areas.
The 6 upper flood protection dams are located on the main tributaries flowing into Al Amerat bowl.
They are sized to store fully a huge inflow up to 500 years flood return period, AWC (Gonu) flood.
The Gorge dam (G2) is the corner stone of the scheme. Owing to its strategic position, just upstream
the target area, it will control efficiently the flow and will release the water in such a way that the outflow
remains always under the maximum capacity of the downstream wadi channel.
The enhancement of the environment was also one of the goals of this scheme, The damages caused by
frequent floods to the nature reserve park and coastal area will be significantly reduced and the inflow
will be regulated. Also the scheme will be very beneficial on the ground water recharge since the flood
water will not be lost to the sea. Flood water will be stored and then slowly released in a controlled way
in order to achieve the best recharge benefit.
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A l A m e r at H e i g h t s F lo o d P rot e c t i o n D a m L o c at i o n
Al Amerat Heights Flood Protection Dam (also known as B15 dam) is the first key structure of Wadi
Aday Flood Protecetion Scheme.
The dam is located in the northern area of Al Amerat bowl plain, upstream of the Wadi Aday gorge
before its entry in the canyon.
It collects three main wadis flowing from the South West in the bowl and joining at the Aday Gorge
upstream entrance.
There is no obvious line for a dam in the rugged landscape around this place and available room for the
dam scheme is very limited because of the future urban development. These strong designs constraints
led to a winding alignment which uses natural high rocky ridges as integrated water barriers to convey
the water to the northern storage area and thus limit the land impact of the future reservoir.
With some 22 Million cubic meter of storage capacity, B15 aims firstly to protect Qurum area and
secondly Al Amerat expanding urban and commercial development. It has been will be implemented
before the G2 dam in order to provide a significant reduction of flood hazard.
However, Al Amerat Heights protection dam is controlling only 20 % of the whole catchment.
Consequently, it will not fully protect the city against the localized flows, which may run from the eastern
side of the project area.
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A l A m e r at H e i g h t s F lo o d P rot e c t i o n D a m C h a r ac t e r i s t ic s
The flood protection dam comprises several hydraulic structures including:
• Main dams and four saddle dams,
•

One permanent Diversion dam with associated channel and safety spillway,

•

Two service spillways to pass safely flood higher than AWC,

•

Two bottom outlets to empty the reservoir and allow downstream recharge in the wadi beds.

The maximum height of the dam from foundation level is 23.33 m and the length of the embankment is
about 3 500 m.
The saddle and main dams are zoned earthfill embankments with a central plastic core wall to guarantee the
water tightness of the dam body. The overall volume of embankment is about 2 MCM.
The upstream zone of the dam is made of compacted alluviums which are extracted from the wadi Aday
tributaries. Alluvium extraction will also improve the natural capacity of the wadi beds in the Al Amerat
bowl, while the downstream zone of the dam will be made of compacted schist extracted from foundation
and the diversion channel excavations. The dam was designed to allow for the reuse of the plentiful schist and
thus to minimize the construction costs and environmental impact.
The dam will be founded mainly on the impervious schist formation. Considering that the downstream area
will be very populated in the coming future, special attention was paid to the foundation treatment.
The design includes a systematic cutoff wall embedded in the sound rock supplemented by single line cement
grouting works.
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Dam Axis

Crest wall

4.81m

Crest Road @ 96.800m

Rip Rap (R1)
Filter (F2)

pe
Slo

Slo

:1

2.5

pe

2.5

:1

Rip Rap (R2)

Drain Material (D)

Schist Rock Fill (GF)

Granular Fill (GF)

Open tube piezometers

Toe wall
Dam Toe Drain
Granular Fill

L/2
L

Drain pipe

Core wall 0.700m

Relief wells

Hard fill cap depth = 0.500m

Grout curtain

Cut off key 3m (Typical)

Main Dam and Saddle Dams
Name

Height(m)

Lengt h(m)

Crest level (masl)

Associated hydraulic structures

Main dams
23.33
2726.01
97.83
				

2 Ser vice Spillways
2 Bottom Outlets

Diversion dam
13.00
258.00
106.00
				

1 Diversion c hannel, 2 km long
1 Safety Spillway

Saddle dam No.1

1.00

50.00

101.00

Saddle dam No.2

5.25

130.00

99.25

Saddle dam No.3

6.25

212.00

98.25

Saddle dam No.4

9.83

130.00

97.83
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Diversion S tructures

Diversion Channel

Safety Spillway
Diversion Dam
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Dam Axis
Crest Road

Rip Rap (R1)

Rip Rap (R2)
Drain (D)

Rip Rap (R1)

Toe wall

Schist Rock Fill (GF)
Granular Fill (GF)
Core wall

Cut off wall

Diversion Dam
The aim of the Diversion dam is to divert the flood from the main contributor wadi to the B15 reservoir.
This wadi will contribute for almost 43 % of the dam 22.4 Mm3 reservoir filling.
Therefore no water will remain upstream of this reservoir except during flood events.
Consequently the design was done:
•

in order to resist to the flow strength with an upstream platform protection built with schist rock material
protected by filter and rip rap layers;

•

and to allow, after the flow, natural underground water to follow the original underground flow downstream
the diversion dam a very shallow cut off wall was done (1 m depth and no grout curtain performed.
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Diversion Channel
The channel 1 785 m long and slope varying between 0.04 % and 0.06 %, width varying between 30
m and 50 m diverts the water coming from the wadi’s catchment area Ca 1 to the reservoir of the dam.
The channel allows to increase the area checked by the dam and to optimize the flood protection.
It has been designed for a flood 250 m3/sec (Gonu event) within the channel bed, i.e. without flooding
with a mean flow velocity of 3 m/sec. It has been considered that the channel can be overflowed during
PMF event as long as it does not flood houses.
A central channel (1.5 depth and 10 m width) has been excavated to minimize sedimentation on the
bottom for frequent floods and to facilitate a natural self cleaning of the bottom during flood events
above 1/100 return period.

•

The safety spillway has been excavated on the left bank of the dam .to avoid uncontrolled
over spilling above the diversion dam in case of disruption, clogging or obstruction of the diversion
channel. The spillway invert level is set at 103.00, which is just above the water level at PMF in the first
division channel reach (102.90 masl).
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picture of channel
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Main Dam 3
Main Dam 2

Wa

di

4

S to r ag e S t r u c t u r e s
The storage structures are
earthfill dams designed to store
the volume of Gonu event flood
ie 22.4 M3.

Main Dam 1
Saddle Dam 4

Wa d

i 3

Wa d

i 2

Saddle Dam 3
Saddle Dam 2

Wa

Diversion Structures
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Main Dams

9.5

83.00

Dam BOP: 0+000
Chai
nage .00
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0
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86.00

0

3+12

100

0

06

0
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0

0
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0
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0
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0
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0
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0
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0
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00
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3+

N

651288.82
2602672.42

M a i n Da m 2

MAIN DAM MD1 - PLAN VIEW

M a i n Da m 3

MAIN DAM MD2 PLAN VIEW

MAIN DAM MD3 PLAN VIEW
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3+

Main dam 3 : located at the left bank of main
dam 2 reservoir after the spillway 2 will collect the
runoff from the near mountains. The reservoir is in
continuity with the reservoir of Main dam 2.

080

Main dam 2 : located at the outlet of catchment
area ca 4 and ca 5 will received the flow of the
wadis which in case of Gonu event represents a
cumulate inflow of 90 m3/sec and the over flow
of Main dam 1 reservoir. From elevation 90.00
the Main dams reservoirs will be connected up to
spillway crest.

3+

Main dam 1 : located at the outlet of catchment
area ca 2 and ca3 will received the flow of the wadis
and the diversion channel coming from catchment
area ca1 which in case of Gonu event represents a
cumulate inflow of 450 m3/sec when water level
will reach elevation 90.00 the reservoir will be
connected with reservoir of Main dam 2.

M a i n Da m 1

3+

The crest level of main dams are elevation 97.40
(crest wall) with a crest road at elevation 97.80 (0.5
above pmf flood level and 180 m above goon event)

Legend
Granular Fill (GF)

Schist Rock Fill (SR)

Rip Rap R1, R2 & Filter F2

Drain D

Crest Road & Toe Wall

Cut Off Key

Core Wall

Hardfill Cap

Grout Curtain
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S a d d l e Da m 2
S a d d l e Da m 4

Three earthfill saddle dams are built on the
right bank of the main dams to increase the
storage of the reservoir up to elevation 98.00
on saddle dam 2.
The dam body is built with GF material and
plastic concrete corewall and drain layer
on downstream, the upstream slopes are
protected with layers 0.3 m of filter material
and 0.8 m of Rip Rap 1 (180 - 875mm), the
downstream slope is protected with 0.5 m of
rip rap 2 (120 - 500mm).
The foundations are made with a plastic
concrete cap and cut off wall 3.0 m average
depth and a grout curtain treatment below the
cut off wall.

S a d d l e Da m 3

Saddle Dams
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N

Legend
Granular Fill (GF)

Schist Rock Fill (SR)

Rip Rap R1, R2 & Filter F2

Drain D

Crest Road & Toe Wall

Cut Off Key

Core Wall

Hardfill Cap

Grout Curtain
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Wo r k S e q u e n c e s

04/07/2010

26

02/08/2011

at

M a i n Da m 2

02/05/2011

08/07/2011

27/08/2011

28/01/2012

16/03/2011

02/05/2011

11/05/2011

08/07/2011

02/08/2011

27/08/2011

27/11/2011

27/12/2011

03/03/2012
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Spillway 2

O v e r f low S t r u c t u r e s
The overflows structures are
concrete spillway designed for
flood of 1 304 m3/sec which
is safe compared to the PMF
discharge of 1 293 m3/sec. The
spill ways crest is at elevation
95.00 m and the total length of
the 2 spillways is 439 m.

Spillway 1
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Spillways
Name

Lengt h (m)

Crest level (masl)

Qmax design (m 3 /s)

Ser vice Spillway S1

319.00

95.00

945.00

Ser vice Spillway S2

120.00

95.00

345.00

50.00

103.00

250.00

Emergency Spillway S0

Total Capacity			

1540.00

Spill way 1 is located between Main Dam 1 and Main dam 2 the overflow length is 319 m divided in 205 m of
straight crest and 114 m of hinged crest. Due to the high density direction of fractures the slope is built with concrete
anchored steps on platforms sections and with mass concrete dams on gullies sections. For a PMF event the spillway
1 discharge will be 947 m3/sec and 1.215 m head over spillway.
Downstream the spill way concrete chute there is a schist slope to the stilling basin bottom (19 m width) at elevation
80.00. After the downstream 2.00 m jump in the stilling basin the water will flow in the tail race channel which for
PMF overflow discharge 950 m3/sec will reach at the narrowest section a maximum height of 3.00 from the bottom.

Spill way 2 is located between Main dam 2 and Main dam 3 the overflow straight length is 120 m. It is built on
three platforms and due to the good quality of the rock the downstream concrete protection is limited to the top of
the platform and to the toe of the slope in stilling basin. For a PMF event the spillway 2 discharge is 346 m3/sec
and 1.215 m head over spillway.
The stilling basin bottom is at elevation 79.00 (30 m width on left bank 70 m on right bank). After the downstream
1.5 m jump in the stilling basin the water will flow in the tail race channel which for PMF overflow discharge
350 m3/sec will reach at the lower section a maximum height of 2.00 from the bottom.
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S pi l l Way 1

Stilling Basin

Legend
Spillway Dams

Spillway Platforms

m

89.20
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D

S pi l l Way 2
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79.00
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Legend
Spillway Weir & D/s Protection
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D/s Slope

Stilling Basin

Spillway D/s Slope Edge Protection
Retaining Walls

Spillway SW1 - Typical cross sections

95.000 m

95.000 m
PVC waterstop
Mass
concrete

Drain hole

PVC waterstop

Mass
concrete

Drain hole

Drain hole
Anchors
No fines concrete

No fines concrete

Half slotted pipe

Half slotted pipe

Cross Section - Dams

Cross Section - Platforms

Spillway SW2 - Typical cross sections
Dam Axis

Dam Axis

95.000 m

79.000 m

Cross Section
Platforms 1& 3

Cross Section
Platform 2

Stilling Basin

Legend
Mass concrete

Reinforced concrete

No Fine Concrete

Pre Cast Ogee Crest

Slope Edge Protection

Cut Off Wall
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Wo r k S e q u e n c e s

30/11/2010

32

18/04/2011

at

S pi l lway 1

12/01/2011

16/03/2011

11/05/2011

08/06/2011

22/06/2011

02/08/2011

16/08/2011

07/09/2011

05/10/2011

16/11/2011

23/11/2011

06/12/2011

14/12/2011
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Bottom Outlet 2

D e wat e r i n g S t r u c t u r e s
Bottom outlets are provided to
empty the reservoir. According
to usual practice for recharge
dams in Oman, bottom outlets
shall be designed in order to
draw-off the reservoir within 2
weeks.

Bottom Outlet 1
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Bottom outlets are set in lowest points of the reservoir, which means in the wadi bed.
• BO 1: located on the right bank of the spillway S1 (Main Dam 1)
• BO 2: located on the right bank of the spillway S2 (Main Dam 2)

Bottom outlets are divided into four parts:
•

The conduit itself

•

The water intake

•

The downstream energy dissipation structure is USBR type VI impact stilling basins

•

The tailrace channel.
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1
outlet

includes a single
gate valve for 1 000 mm HDPE pipe 68.76
m long with upstream invert elevation 81.2
and downstream invert elevation 80.9. The
maximum discharge when reservoir is full
(elevation 92.00) is 7m3/sec.
The tail race channel width is equal to the
width of the stilling basin (4.50m) and slopes
protected with reno mattresses of the banks
is 3 for 1. The outlet is in the wadi bed.

B ot to m

Bottom outlet 1
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outlet

B ot to m

includes 2 single gate
valves for two 1 000 mm HDPE pipe 87.97
m long each with upstream invert elevation
75.20 m and downstream invert elevation
74.83 m . The maximum discharge when
reservoir is full (elevation 92.00) is 17m3/sec.
The tail race channel width is equal to
the width of the stilling basin (11.0 m) and
slopes protected with reno mattresses of the
banks is 3 for 1. The outlet is in the tailrace
channel of spillway 2.

2

Bottom outlet 2

Bottom Outlet 1 & Tower - Cross sections
97.64

Dam Axis

84.20

81.50
81.20 (invert)

80.92 (invert)

Bottom Outlet 2 & Tower - Cross sections

Dam Axis
97.64

78.47
77.50

75.20 (invert)

74.83 (invert)
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Relief Wells Arrangement
Manhole
Slotted drain pipe collector 150 mm dia

PVC pipe 150 mm dia

Plastic concrete sealing

D r a i n ag e S ys t e m
Filter aggregate

End cap

The drainage system purpose is :
• to collect the water seepage coming from the drain layer located on the
foundation downstream the dam axis and from the relief wells located at the
downstream toe of the dam
•

to release water collected to the tail race channels.

The drainage system is divided in 3 parts:
• The dam toe collector, half PVC slotted pipe 200 mm diam located in a trench
below the dam toe wall;
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•

The relief wells, deep inclined boreholes located at the downstream toe of the
dam in relief wells man holes they cross the fractured schist formation;

•

The drain collector a PVC pipe 200 mm and 400 mm diameters.

Downstream Drainage Network - Saddle Dam SD2 - Spillway SW1

Legend
Legend
Dam Toe Wall

Toe Drain - DN200

Mainline - DN400
Subline - DN200, DN400
Manhole - With dircect access
		
With Relief Pipe
		
Numbered 1 - 20
Manhole - With dircect access
		
No Relief Pipe
		
Numbered 1 - 5

Downstream Drainage Network - Diversion Dam
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Drainage system Diversion dam there is 200 mm dam toe collector pipe and 3 relief wells. The outlet pipe is
in the central relief well manhole and release water in the backfilled material.

Drainage system of saddle dams and MD1 the saddle dams collector pipes and relief wells (17 manholes of
which 2 are with Vnotch) are connected to a 400 mm PVC drain collector through sub 200 mm PVC collector with
connection boxes(11 connection boxes of which 4 are with Vnotch). The outlet of the 400 mm drain collector is on
the tail race channel of bottom outlet 1.

Drainage system of MD2 one outlet of the drainage system (4 relief wells manholes) is in the tail race channel of
spillway 1; three outlets are on the tail race channel of spillway 2 (11 relief wells manholes on right side of the bottom
outlet 2 and 13 relief wells on the lefts bank of the lefts side of bottom outlet 2).

Drainage system of MD3 the outlet of the drainage system (4 relief wells manholes) is in the tail race channel
of spillway 2;
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Downstream Drainage Network - Spillway SW1 - Main Dam MD3

Legend
Toe Drain - DN200
Mainline - DN400 / DN200
Connection Box - Without direct access
Manhole - With dircect access
		
With Relief Pipe
		
With Toe Drain
Manhole - With dircect access
		
With V-Notch
Manhole - With dircect access
		
With Relief Pipe
		
With V-Notch
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S e rv ic e S t r u c t u r e s
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Service road : The service road xxx m long is asphalted road going from Saddle dam 2 to Main Dam 3. The
service road gives a continuity access along the Main dams and between the saddle dams.
Two asphalted ramps are built to access to crest road of Main Dam 1 and Main Dam 2. Cut off wall and grout
curtain are built on connection sections between Main dam 1, saddle dam 4 and saddle dam 3 to prevent seepage
through the outcrops fractures.
Operating houses : Operating houses are built on the intake towers of bottom outlet 1 and bottom outlet 2 to
protect the access to the gate valves and water levels devices.
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D a m M o n i to r i n g
Monitoring equipment has been
installed on the dam structures
and downstream the dam to
follow the long term behavior
of the construction during flood
events and operating period.
Relief Wells
Sedimentation Pegs
Survey Monuments
Observation Wells
Open Tube Piezometer
Settlement Pegs
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Dam structures monitoring :
•

Piezometers are installed in the downstream dam bodies to measure on several sections the water level
in the downstream dam body during reservoir filling and dewatering.

•

Three settlements plates (one on Main dam 1 and 2 on Main dam2) are installed in the downstream
dam body to measure the settlement of schist rock material.

•

Settlements points are installed in the embankment dam crest and on the spillways crest to monitor
the vertical movements of the structures.

Underground water monitoring :
In addition to the 52 relief wells and drain collector built in the dams toe the underground water behavior
downstream the dam will be checked by measurement of water levels in observation wells.
Two deep observation wells located downstream Main dam 2 on right bank of bottom outlet channel are
measuring the water level in the schist semi confined aquifer.
One shallow observation well located on right bank of bottom outlet channel and three shallow observation
wells located on left bank of bottom outlet channel will measure the water level in the alluvial free surface
aquifer.
The underground discharge is measured on Vnotch devices installed in collector relief wells manholes,
connection boxes and at the outlet of the drain collectors.
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