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Abstract: Mosul dam is the biggest hydraulic structure in Iraq located on the River Tigris 60 km northwest of Mosul city. Its storage 
capacity is 11.11 × 109 m3 and it had been in operation since 1986. A physical distorted model with movable bed having a vertical scale 
1:100 and a horizontal scale 1:1000 was used to conduct the experiments relating the water level at the reservoir and water discharge 
upstream the reservoir with the bed load transport rate. The model represents the first 15 km of most northern part of Mosul dam
reservoir. The construction of the model was based on bathymetric survey conducted in 2009. Twenty-four experiments were executed
using four different discharges (0.5, 1.0, 1.5, and 2.0 L/s) which represent the average discharges in the flood period of River Tigris. At 
each individual discharge six operations were assumed where the reservoir’s water level was 305,307,309,310,312, 315 meters above
sea level respectively. In all the experiments conducted, bedload transport was measured in the physical model at section representing 
the River Tigris 1 km upstream the reservoir. The results showed that the bedload rate was decreasing when the water level within the 
reservoir was increasing. It was also evident that bedload transport rate dramatically decreased at level 310 meters above sea level 
onward. This is due to the fact that at this level represent the effect of backwater which was noticeable on the river cross section.
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1. Introduction

Dams are important hydraulic structures. Usually, 
they are constructed to serve two main purposes. The 
first is flood prevention and the second to store water 
for various uses [1]. The construction of dams on the 
rivers to impound water, leads to changes in the flow 
regime of the river upstream the reservoir due to 
backwater flow. Impounding causes increase of the 
flow cross sectional area leading to a decrease in the 
flow velocity and the ability of the river to transport 
sediment. As consequence, sediment is deposited. 
Relatively coarse sediment are deposited first and 
followed by finer sediment toward the reservoir area [2]. 

The sedimentation problems may take place 
upstream, downstream and within the reservoir. In 
general sediment accumulation within the reservoir 
reduces its storage capacity. The global annual storage 
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loss capacity within reservoirs reaches 1% (Mahmood, 
1987 in Morris and Fan [3]). In addition, the impact of 
the backwater flow causes sediment deposition within 
the river valley upstream the reservoir. This will lead to 
aggradation where the flood level is raised causing the 
formation of swamps [2]. Sedimentation processes 
within a reservoir is quite complex because of the wide 
variation in many of the influencing factors. The 
longitudinal distribution of the deposits varies from 
reservoir to reservoir depending on the shape and size 
of the lake, operation mode, grain size and type of the 
sediment and the water inflow discharge etc. [4]. 
Therefore, the management of the reservoir 
sedimentation is extremely difficult. So the methods to 
mitigate of the sedimentation problems are usually 
based on reducing the sediment yield entering the 
reservoir by controlling erosion and trapping sediment 
eroded before entering the reservoir [3]. In addition, 
the reservoir operation rule plays a major role in 
sediment movement and distribution [5, 6]. 
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This paper presents a laboratory study using a 
physical model to find out the impact of water level on 
the Mosul dam reservoir and water discharge in the 
River Tigris on sediment movement upstream the 
reservoir where the Tigris River enters the reservoir. 

2. Description of the Study Area 

Mosul dam is the biggest dam in Iraq. It was built in 
1986 on the Tigris River north of Iraq about 60 km 
northwest Mosul city (Fig. 1). It is a multipurpose 
project for irrigation, flood control and hydropower 
generation. It is a rock fill dam with mud core, its 
height is 115 m, the length including the spillway is 
3.650 km, and its top width is 10 m. The water surface 
area of its reservoir is 380 km2 with a storage capacity 
of 11.11 × 109 m3 at maximum operation level 330 
meters above sea level, including 8.16 × 109 m3 live 
storage and 2.95 × 109 m3 dead storage. The reservoir 
length is about 45 km and its width ranging from 2 to 
13 km at the same operation level [7]. The catchments 
area estimated upstream Mosul dam is 54,900 km2 of 
which 23,500 km2 is in Iraq [8, 9]. River Tigris is the 
main water body entering Mosul dam reservoir. The 
average water surface slope in this reach was 0.65 
m/km before dam construction. The sediment at the 
bed of the river have a median grain size diameter of 
d50 = 18 mm [9, 10]. In 2009, by Dijla Company for 
Engineering Design studied the sediments of the river 

and they noted that the specific gravity for bed material 
was Gs = 2.65 while the median grain size diameter of 
the sediment was d50 = 12.4 mm [11]. 

3. Experimental Investigation and Setup 

The sediment transport upstream of the reservoir is 
complicated because of the various factors involved. 
Therefore, it is difficult to duplicate the natural 
conditions in a laboratory setup. However, certain 
assumptions were considered to establish the best 
physical model that can reflect the natural conditions of 
the reservoir. These assumptions are: 

Bed material is uniform and does not change with 
the operation; 

Cross section and bed slope are constant for all the 
experiments; 

Bed roughness is constant for all the experiments.  

3.1 Description of the Physical Hydraulic Model 

The study was carried out on the physical hydraulic 
model, which represents the first 15 km where the 
Tigris River enters Mosul reservoir (Fig. 1). The model 
was constructed in 2010 in the hydraulic laboratory at 
Mosul University-Iraq by the ECB (Engineering 
Consulting Bureau) of Mosul University. It was 
established to solve the sedimentation problem at the 
intake of the main pumping station of North Al-Jazira 
Irrigation Project [11]. It is a distorted movable bed 

Fig. 1  Location of Mosul dam and the studied area. 
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model based on the bed profile survey conducted by 
Dijla Company for Engineering Design in December 
2009. Dynamic and kinematic similarity between 
prototype and model were used in establishing the 
model [11]. The scale ratios used are listed in the 
(Table 1). 

The model bed was filled with briquette (coal) up to 
10 cm thick. Its specific gravity is Gs = 1.8 and median 
grain size diameter d50 = 2.7 mm. The water discharge 
was supplied by a pump with maximum discharge 50 
L/s which takes the water from earth tank 111 m3

storage capacity. The discharge was controlled and 
measured by calibrated sluice gate installed in the 
upstream tank of the model. A strainer device was 
installed at the entrance of the model for smoothing the 
flow. The water level in the model was controlled by 
downstream gate (Fig. 2). For measurement purposes 
grid of strings was installed above the model 
representing level 356 meters above sea level in the 
prototype with spacing of 20 cm (Fig. 3). A pointer 
gage having at minimum count rate of 0.01 cm was 
installed on the moveable carriage which was used to 
record the water surface stage and bed elevations. 

3.2 Experimental Procedure 

Four different discharges that represent the flooding 
period of the Tigris River (February to May) were used 

in the experiments with the corresponding six-water 
stages in Mosul dam reservoir. They were performed 
within the physical model having a movable bed. The 
model was given the initial bed levels and the 
re-circulatory model system was filled with water from 
an external source quietly and was adjusted to the water 
stage level in it. The pump was turned on and the valve 
was slowly adjusted to allow a specified discharge 
required. All the measurements were taken at section 1 
which represents the cross section on the Tigris River 1 
km upstream the reservoir having bed level of (308 
meters above sea level). The sediment were added 
(specific gravity Gs = 1.8 and median grain size 
diameter d50 = 0.56 mm) at a constant rate using a 
screw sediment feeder at a point located 2.5 m 
upstream section 1. The amount of sediment added was 
equivalent to that transported by the River Tigris load 
[12, 13].Then the bedload rate (qs = gr/sec) was 
computed by:  

                  (1) 

where, w: is the weight of bedload accumulative (gr) in 
the time T(sec).

The above process was repeated for six different 
water levels in the model and four water discharges. In 
total, 24 runs were conducted which are summarized in 
Table 2. 

Table 1  Computed scale ratios of the physical model. 

Parameter Symbol Scale ratio 
Horizontal dimension Xr 1,000 
Vertical dimension Yr 100
Velocity Vr 10
Water discharge Qr 106

Roughness nr 1
Sediment diameter Dr 4.596 
Hydraulic radius Rr 110
Dry specific gravity 1.472 
Water surface slope Sr 0.075 
Time of deposition Tr 6,121 
Sediment transport rate Qsr 24,049 
Settling velocity Wr 2.888 
Shear velocity V*r 2.89 
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4.1 Impact of Water Level in the Reservoir on Bedload 
Rate

The water level is very important factor which can 
affect directly the velocity distribution along the stream 
system upstream the reservoir due to backwater flow 
that affects the sediment transport rate. For 
understanding the impact of this factor, six water levels 
in the model were used. These represent the water level 
in the prototype, as listed in the Table 2. The results of 
the experiments showed that the rate of bedload 
decreases with the increase of water level in the 
reservoir (Fig. 4). Also the bedload decreases suddenly 
at section 1 when the water level in the reservoir 
reaches 310 meters above sea level for all water 
discharges. 

4.2 Impact of Upstream Water Discharge on Bedload 
Rate

The water discharge is an important factor 
influencing sediment movement within the rivers and 
reservoirs. This was demonstrated at the physical 
model by selecting four different discharges. These 
discharges were chosen in such a way that they 
represent the monthly average discharges of the Tigris 
River for its flood period (Table 2). The results of 

experiments showed that bedload rate increases with 
the increase of water discharge for the same stage (Fig. 
4).

To determine the effect of the reservoir operation on 
bedload rate, the percentage of the reduction in River 
bedload (% bedload deposited) at section 1 were 
calculated using Eq. (2). In this context, when the water 
level is 305 meters above sea level  at the reservoir 
there is no backwater flow effect (the river is in 
equilibrium condition).This is so because the bed level 
of the River Tigris is 308 meters above sea level  at 
that area. Having this then, the percentage bedload 
deposited (qsd) can be found as: 

       (2) 

where, 
qs305-bedload rate at section 1 when water stage in 

the model represent 305 meters above sea level in the 
reservoir.

qsi- bedload rate at section 1 at any water stage at the 
reservoir.

Table 3 shows all calculations. The relation between 
percentage bedload deposited with the variation water 
stage and water discharge is shown in (Fig. 5). 

Fig. 4  Variation of bedload rate with water discharge at different water levels within the reservoir for the physical model. 
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Table 3  Percentage of bedload deposited at section 1. 

Fig. 5  Relationship of percentage bedload deposited with water levels at Sec.1. 

5. Conclusions 

Twenty four experiments were conducted to 
estimate the bedload transport rate from River Tigris to 
Mosul dam reservoir using a physical hydraulic model. 
The model represents the first 15 km where the River 
Tigris enters the reservoir. Four different water 
discharges representing the flooding period of the 
River Tigris used with six different water stages in the 
reservoir.

The result of the experiments indicates:  
Sediment transport rate is related to the water 

stage in the reservoir. In this context, bedload rate was 
inversely related with the water stage due to back water 
effect. From Fig. 5 and Eq. (2) were suggested to 
calculate sediment transport rate. These relationships 
can be used to evaluate the bedload rate that took place 

using previous field measurement and operation data; 
The physical model can be used for future 

prediction of bedload rate within that area. It can be 
used as a guide for operation rules; 

The increase of out flow from reservoir (release of 
water through the dam) without any increase of the 
inflow from the River Tigris causes an increase in 
sediment transport rate entering the reservoir. This is 
due to the decrease of the backwater flow effect; 

Keeping the water level within the reservoir 
during the flood period as high as possible will reduce 
the amount of sediment entering the reservoir due to 
back water effect. Almost all the sediment will be 
deposited where the stream enters the reservoir i.e. in 
the upper most part of the reservoir. This will reduce 
the amount of sediment reaching the dam site which is 
about 60 km downstream this point. 
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312 99.977 95.33 95 85.5 
315 99.998 99.9989 99.9993 99.9959 
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