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ABSTRACT

Iraq depends on the Rivers Tigris and Euphrates for its water resources. Recently the flow of these 
rivers decreased drastically. In view of this situation the true storage capacity of the dams are to be 
evaluated to ensure prudent water resources management strategies. In this research, the biggest 
hydraulic structure in Iraq, Mosul Dam Reservoir, was studied to evaluate its present storage 
capacity. 

Mosul dam reservoir is located on the River Tigris in the north of Iraq, 60 km north-west Mosul 
city. The dam is a multipurpose project for irrigation, flood control and hydropower generation. The 
storage capacity of its reservoir is 11.11×109 m3 and water surface area is 380 km2 at the maximum 
operation level 330 m.a.s.l. The dam was operated on July 24th, 1986 and no survey had been 
conducted to determine its storage capacity since that time. A pre-construction topographic map for 
the studied area scale 1: 50000 dated 1983 was converted to a triangular irregular network (TIN) 
format using “Arc/GIS software version 9.3”. The TIN was used to establish the stage-area and 
stage-storage capacity curves before dam construction. The resultant curves were compared with 
the adopted operational curves. The results of this comparison showed that the percentage 
difference was 4.0% and 7.7% for stage-storage capacity and stage-water surface area curves 
respectively.

Mosul reservoir was surveyed to find out the reduction in its storage capacity and to develop new 
operational curves. The survey was performed over 12 days from May 15th to June 3rd, 2011 using 
to “Echo sounder sonar viewer type Sea Charter 480DF” linked to a “Real-Time Kinematic Global 
Positioning System (RTK-GPS)”. The bathymetric survey results indicated that the reduction in the 
storage capacity of the reservoir due to sediment deposition during the operating period was 
1.143×109 m3. This represents 14.73% of the total storage capacity and the reduction in the live 
storage and dead storage was 11.8% and 19.62% respectively. Likewise, the survey suggested new 
operational curves for Mosul dam reservoir. The survey showed that most of the sedimentation was 
in the upper zone of the reservoir and gradually decreased towards the dam. 
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CHAPTER 1

Introduction

In this chapter, the mechanism and problems of reservoir sedimentation, measurement methods for 
deposition rates and the aims of this study will be described.

1.1 Background 

The construction of dams across rivers is considered the most important practices for the 
development and management of water resources. The dams are constructed for many purposes 
such as water storage for irrigation, hydropower generation, flood control, navigational, municipal 
water supply and environmental purposes (Jain and Singh, 2003). Impounding water after 
construction of the dam will form a reservoir upstream of the dam site and changes in the flow 
regime of the river due to backwater flow effects. The flow velocity and the ability of the river to 
transport sediment will be decreased due to the increase of the flow cross-sectional area of the 
river before entering the reservoir. As a consequence, sediments are deposited. Coarse materials, 
such as gravel and coarse sand, are the first to settle forming a delta at the point where the river 
enters the reservoir. Fine sediment particles enter the reservoir and might travel to the vicinity of 
the dam site in some cases. The dam hinders the passage of most sediment particles downstream. 
The passage of these particles might be through the runoff on the spillway and the bottom outlet 
(Grade and Ranga Raju, 1985). Sediment is transported as suspended and bed load by streams and 
rivers entering the reservoir. The coarse materials are transported as bed load along the topset 
delta deposits and the fines are transported deeper into the reservoir by either stratified or non-
stratified flow. The pattern of deposition depends on several factors, such as water discharge, 
nature and physical properties of the sediment, quantity of sediment entering the reservoir and 
size, shape and operation mode of the reservoir (USBR, 1987).

Generally, the sediment deposits within the reservoirs can be divided into three zones: topset beds, 
foreset beds, and bottomset beds as shown in (Fig. 1.1). The topset beds represent the delta 
deposits which are composed of coarse sediment deposits with a small amount of fine particles. 
This zone extends up from the point where the backwater curve ends to the downstream limit of 
the bed material transport in the reservoir. Foreset deposits are the advancing part of the delta 
deposit (topset) in the reservoir towards the dam. The forest beds are different from topset beds 
and can be recognized by an increase of the slope and a decrease in their grain size.  The 
bottomset beds are fine sediments that are deposited beyond the delta close to the dam by turbidity 
currents or non-stratified flow (Morris and Fan, 1998).
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Figure 1.1: Sediment deposit zones in reservoir (After Morris and Fan, 1998). 

1.2 Sedimentation problems due to construction of dams  

The sediment deposited in the reservoir is the result of the erosion in the entire catchment area 
upstream of the dam. The accumulation of sediment within the reservoir is one of the main objects 
that threaten the lifespan of the dam. The sedimentation problems can take place upstream, 
downstream and within the reservoir.  In general, the phenomenon causes the following effects:  

1- Reduction of the storage capacity of the reservoir and channel conveyance. 
2- Accumulation of sediment directly affects the operation of hydraulic structures. 
3- Increase of the surface area of the impounded water for the same volume stored causing an 

increase in the amount of evaporated water. 
4- Deposition upstream in the river valley will cause a rise in the bed level of the river. This might 

cause flooding and the formation of swamps. 
5-  Clear water is usually released from dams due to the deposition of sediment within the 

reservoir. This will cause erosion of the banks and the bed of the river. Such a phenomenon 
will affect all hydraulic structures and other installations downstream the dam.  

6- Vegetation increase upstream of the reservoir due to swamps formation will lead to an increase 
in water loss due to transpiration. 

7- The sediment deposited on the bottom of the reservoir buries and kills the vegetation and 
changes the environmental regime.  

There are many examples of reservoirs illustrating the riskiness of the foregoing effects. For 
example, the sediment brought by a flood caused complete burial of the outlet structures of the 
Guayabal irrigation dam in southern Puerto Rico (Jain and Singh, 2003). In 1999 the sediment 
accumulation at the inlets of the main pumping station of north Al-Jazeera irrigation project in 
Mosul reservoir, Iraq caused the stoppage of the station for several days (Mohammed, 2001; ECB, 
2010). In Japan, Yasuoka reservoir on Tenryu River lost about 85% of its total capacity in the first 
thirteen years of operation due to sedimentation problems (Garde and Ranga Raju, 1985). In 
Kansas (U.S.A.), a reservoir was built on the Salmon River at Osborne province for water supply 
with a capacity of 3.7 ×104 m3 and was completely filled with sediment one year after its 
construction (Garde and Ranga Raju, 1985). In Sanmenxia dam, constructed on the Yellow River 
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in China during 1957-1960, 1.8 billion metric tons of sediment was accumulated in the first 18 
months after dam operation. The sediment was deposited in the river about 260 km upstream from 
the dam due to a back water effect. In China, the Xinghe reservoir in the Shaanxi province was 
filled with sediment in one year. The mass concrete Warsak dam, 76 m high and located on the 
Kabul River in Pakistan, lost as much as 18% of its storage capacity in the first year of operation 
(Morris and Fan, 1998; Jain and Singh, 2003). Generally, the reservoirs worldwide are losing 
storage capacity annually at a rate of around 1 % due to sedimentation (Morris and Fan, 1998). 
The sedimentation problem is so serious and some dams were not constructed due to the fact that 
sedimentation rates are so high that the reservoir will fill up before the investment is totally 
recovered. Therefore, planners and designers of dams are interested to determine the following 
points:

1- Rate of sediment deposition in the reservoir. 
2- Trap efficiency of the reservoir. 
3- Properties of sediment deposited. 
4- Sedimentation extent. 
5- Distribution of sediment within the reservoir. 

1.3 Assessment depositional rates

Sediment deposition in reservoirs is serious problem affecting the lifespan of dams. It is important 
to have information about both the rate and pattern of sedimentation within the reservoirs to 
predict the expected problems which might take place. This will allow decision makers to put 
strategies and remedies in place to deal with expected future problems. The accumulation of 
sediment in the reservoir is a complex phenomenon because of the many factors involved (e.g. 
sediment yield, sediment transportation rate, sediment type, reservoir operation, reservoir 
geometry, and changes in stream flow). In addition, accumulated sediment may consolidate due to 
their weight and the overlying water weight with time. Therefore, the estimation of the quantity of 
sediment deposited in the reservoir is still a complex problem. For this reason, many approaches 
have been developed to determine the characteristics of reservoir sedimentation. Some of these are 
direct methods, and others are indirect empirical or theoretical methods.  

1.3.1 The direct methods 

These methods use direct field measurements. The selection of a certain method depends on the 
type, purpose, and cost of the work, reservoir characteristic, amount of sediment deposited and 
desired accuracy. These methods are usually classified into several types based on the techniques 
and equipment used in the survey.

Sediment mass balance 
The sediment deposition rate can be estimated using principle balance between fluvial sediment 
inflow in the downstream station compared with relationships established between upstream and 
downstream hydrological stations before the dam construction. The method should be checked 
with reservoir surveys (Morris and Fan, 1998). 
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Sub-bottom profiling 
Sub-bottom profiling systems to identify and measure various sediment layers that exist below the 
sediment water interface. Using acoustic systems, which possess two frequency signals; high 
frequency 200 kHz range to measure water depth and a low-frequency 5-24 kHz signal range, 
which will penetrate the sediment and is reflected by the hard layer that represents the original soil 
or rock. The system uses this reflected energy to provide information on sediment deposited. The 
method is easy to be used, highly accurate for up to 10 m of sediment thickness or more. This 
method can be used in situations where the original topographic map is not available. In some 
cases, the signals are affected by the presence water and gases (e.g. methane gas bubbles) which 
will cause unreliable readings (Morris and Fan, 1998). 

Horizon tracing using 137Cesium
This technique is used to measure the sediment deposition rate by measuring the deposition depth 
above an identifiable and datable horizon using the 137Cesuim isotope. The Cesium emits gamma 
radiation. It is found in sediment deposited since 1954, and peak values occur around 1964, 
producing two datable layers in the profile. Using this property deposition rate can be measured 
directly. The procedure has been commented on by McHenry and Ritchie (1980). They reviewed 
the procedure and evaluated and they put recommendations for future use. Walling et al (2001) 
used this technique to find the rates of erosion and sedimentation in different parts of Jordan. 
Recently, Parsons and Foster (2011) evaluated this technique. They did not recommend its use for 
estimating the rates of erosion. 

Spud Surveys 
Is a simple technique using manual cylinder steel rod about 2 to 3 m long and 3 to 4 cm inner 
diameter, which possess a regular group of outside tapering grooves (Fig. 1.2). The method was 
suggested in 1934 by Eakin and Brown (Morris and Fan, 1998; Vanoni, 2006). The Spud casts 
vertically into the reservoir from sufficient height to penetrate the deposited sediment to original 
underlying soil. The method can be used to determine the depth of sediment deposited without the 
need to use the original topographic map and when the sonic sub-bottom technique is unable to 
identify the original layer due to the presence gases or water interfaces. The technique is most 
viable with; soft fine sediment, where the sediment thickness does not exceed 4 m and the water 
depth is less than 30 m. In certain occasions when the water is deep the bar is coated by heavy 
grease before dropping it to keep the sample undisturbed. The accuracy of this method depends on 
the user’s experience. 

Figure 1.2: Spud rods to determine the thickness sediment deposits (After Vanoni, 2006). 
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Reservoir Surveys 
Reservoir survey or hydrographic survey is a direct measurement technique used to determine the 
total volume of the sediment deposited, sedimentation pattern, reservoir bottom profile, shift in the 
“Area-Storage capacity curves (operating curves)” and can be used to compute the sediment yield 
from the watershed using the sediment bulk density with survey results. The recent advances in 
Global Positioning System GPS and computer programs caused a significant reduction in the 
efforts, time and cost of the collecting and analyzing survey data (Jain and Singh, 2003; Ferrari
and Collins, 2006). There are some advantages and limitations of the hydrographic surveys.  

The advantages are as follow: 
1- Practically, high accuracy and needs shortened time if advanced equipment and computer 

programs are used. 
2- The total cost is much smaller in comparison with other methods. 
3- The survey is able to estimate the total amount of sediment deposited in the reservoir or carried 

by the river. 
4- It is possible to implement the survey at any time to determine the sediment deposited after the 

last survey. 

The limitations are: 
1- The survey cannot estimate the spatial variation in the unit weight because the sediment 

samples are limited and variation due to compaction with time and location. 
2- The approach does not provide any information about sediment yield from specific catchment 

and sub-catchment areas. 
3- To determine the total sediment load inflow, the amount sediment out flow from downstream 

gage station should be known.
4- The survey is not feasible when the sedimentation rate is low. Small errors of measurement 

may cause a large error in the estimate of deposition rate. 

The reservoir survey may be divided into two methods, which are: contour survey and range 
survey. The method selection depends on the reservoir characteristics, deposition rate, purpose and 
cost of survey and desired accuracy. 

I- Contour survey
The contour survey is the most accurate method for determining storage capacity and reservoir 
topography (sediment distribution) and is also used to calculate stage-area and stage-storage 
capacity relationships. Recent advances in survey technology reduces the time and cost for data 
collection. Furthermore, analysis procedures have improved with the continued development of 
computers and data collection software. Therefore, the method is suitable for all types and shapes 
of the reservoir but it takes more time than the range method. To minimize interpolation error in 
this type of survey the distance between two transverse sections should be less than the distance 
between each shore (Morris and Fan, 1998). However, the Sedimentation and River Hydraulics 
Group within U.S Bureau of Reclamation (USBR) suggested 500 to 600 ft spacing and at times 
2000 ft for large reservoirs with a flat bottom (Ferrari and Collins, 2006).  The volume ( V)
between two successive contours can be determined by two methods (Morris and Fan, 1998; Jain 
and Singh, 2003). The first is the average contour area method which is: 
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…………………………………………………. (1) 

The second method is modified Prismoidal formula which is: 

………………………………………… (2) 

where H = elevation difference between adjacent contours, A1 and A2 are the surface areas 
surrounded by each contour line. With recent advances in computer software there are 
computational algorithms within the software packages dealing with digital maps to compute both 
area and volume. The triangular irregular network (TIN) package is the most common to have 
been used by the Sedimentation and River Hydraulics Group (Ferrari and Collins, 2006). 

II- Range survey
The range survey method is a faster and more economical technique than the contour survey 
because field data collection and processing are greatly simplified compared with the contour 
survey method (Morris and Fan, 1998; Ferrari and Collins, 2006). The method is suitable for 
tracking changes in storage capacity due to sedimentation in a minimum period of time. The range 
method uses a series of transverse sections across the reservoir which is resurveyed at periods and 
is used to compute the volume change between the two lines over time. The lines should be 
perpendicular to the reservoir axis and set up across the mouth of each main tributary of the 
reservoir as well as each major inflowing channel. The number of lines depends on reservoir 
characteristics and required accuracy (Morris and Fan, 1998). Morris and Fan (1998) have 
suggested the following formula to estimate the number of range lines as a rough guide: 

Number of range lines ………………………………(3)

where A is the reservoir water surface area in Sq. m. 

The frequency of reservoir surveying depends on the sedimentation rate, reservoir characteristics 
and cost of running a survey. The interval between two surveys is usually 20 years with reservoirs 
that have low sedimentation rates. By contrast, at sites where the sedimentation rate is very high a 
survey interval as short as 2-3 years might be used (Morris and Fan, 1998).  Others use a 5-10 year 
interval or a time period when storage reductions between two surveys does not exceed 7.5% 
(Ferrari and Collins, 2006). But it is necessary to conduct the survey after a major flood to provide 
information about the impacts of flooding on the storage and should also be surveyed directly after 
closure of the reservoir to provide a benchmark for future sedimentation rate estimation (Morris 
and Fan, 1998). 

1.3.2 The indirect methods

There are many indirect approaches developed to predict sedimentation within reservoirs and 
some of them are empirical methods. The methods were developed by the U.S. Bureau of 
Reclamation and have been widely used to predict the shift in the stage-area and stage-capacity 
relationships. The “Area Reduction method” was devised by Borland and Miller (1958) and 
revised by Lara (1962) (Croley et al, 1978; Garde and Ranga Raju 1985). The method is easy and 
quick to use relative to other methods and does not need a large amount of data. But the method 
cannot be used to determine the deposition depth in specific locations within the reservoir. The 
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second approach is to use physical models which have been developed to study the sedimentation 
problem in laboratories. The models are scaled models used to simulate the prototype systems. 
The scaling is in terms of geometry and important force such as the Froude number or Reynolds 
number. Water is always used as the fluid and natural grains or artificial materials are used to 
represent the sediment (French, 1994; Chanson, 2004). Generally physical models are classified 
into four types: undistorted fixed-bed model, distorted fixed-bed model, undistorted and distorted 
movable-bed models (French, 1994). Likewise, several mathematical models for predicting future 
behavior of reservoir sedimentation have been developed based on the equations of motion and 
continuity for water and sediment. One-dimensional models are commonly used to simulate 
sediment transport within rivers and reservoirs (Molinas and Yang, 1986; Yang, 2008).
Mathematical models have many important advantages compared with physical models. They are 
cheaper to undertake, faster in implementation, easier to simulate under any conditions and are 
able to simulate some problems numerically that cannot be simulated by physical models. 
Mathematical models may be copied, stored and transported onto magnetic or optical media or 
compatible computers and then re-run anytime and anywhere. 

1.4 The aim of study 

As pointed in the previous sections, sediment deposition reduces reservoir storage capacity. 
Therefore, it is necessary to conduct periodic surveys to find out the status of the reservoir. This 
work was conducted for two reasons; first Mosul dam reservoir was first operated in 1986 and no 
survey has been conducted since that time to determine its storage capacity, evaluate the adopted 
operating curves or update the operational curves since that date. Secondly Iraq recently is 
suffering from the water scarcity problems due to the large decrease in water flow of the Tigris 
and Euphrates Rivers due to the construction of dams in Turkey and Syria. The Iraqi Government 
is forced now to adopt speed and effective procedures to overcome the water shortages (Al-Ansari 
and Knutsson, 2011). So that the primary objectives of this study are:

1- Developing a reservoir topographic map for Mosul dam reservoir before and after dam 
construction.

2- Estimating the sedimentation rate in the reservoir.  
3- Assessment of the adopted operating curves. 
4- Computing the new stage-area and stage-capacity relationships. 
5- Determining the storage reduction due to sediment deposition since the dam became 

operational in 1986. 

To achieve the above aims with high accuracy a bathymetric survey (contour survey method) was 
used in this study. The survey was implemented using “echo sounder sonar viewer type Sea 
Charter 480DF” and its result was conducted by sonar viewer 2.1.2, excel and Arc/GIS programs.  
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Tigris River

Mosul reservoir
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North Al Jazeera
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CHAPTER 2

Study area 

2.1 Mosul dam

Mosul dam is one of the biggest hydraulic structures in Iraq which has been built on the Tigris 
River in the north of Iraq. The dam is located approximately 60 km northwest Mosul city and 80 
km from the Syrian and Turkish borders (Fig. 2.1).  

 

Figure 2.1: Location of Mosul dam with main facilities. 

Construction of Mosul dam began on January 25th, 1981. The dam began its actual operation on 
July 24th, 1986. The dam is a multipurpose project for irrigation, flood control and hydropower 
generation. The dam is faced with rock and has an earth fill with a mud core. The dam is 113 m 
high, 3.65 km long including the spillway, has a 10 m top width and the crest level is 341 m.a.s.l 
(Iraqi Ministry of Water Resources, 2011). The majority of the water entering the reservoir comes 
from the River Tigris. The water surface area of its reservoir is 380 km2 with a storage capacity of 
11.11×109 m3 at a maximum operation level 330 m.a.s.l including 8.16×109 m3 live storage and 
2.95×109 m3 dead storage (Fig. 2.2).



10

Figure 2.2: Schematic diagram of Mosul dam cross section (after Al- Taiee and Rasheed 2009).  

The dam has a concrete spillway located on the left abutment of the main dam (Fig. 2.1).  The 
crest elevation of the spillway is 330 m.a.s.l and its length is 680 m. The spillway has five radial 
gates measuring 13.5 m×13.5 m giving a discharge of 12600 m3.sec-1 at the maximum reservoir 
level of 338 m.a.s.l (Iraqi Ministry of Water Resources, 2011). 

The power generation and pump station of the north Al-Jazeera project are the important 
structures within the dam project, which were relied upon to monitor the water level during the 
bathymetric survey. The power-generation facilities are located on and in the right abutment of the 
main dam (Fig. 2.1). The power house is located in the toe of the dam embankment and includes 
four turbines with total generating capacity of 750 MW. The Al-Jazeera pump station is located in 
the upper zone of the reservoir (278409.34 m Easting and 407663.46 m Northing) with a 
maximum water discharge 45 m3.sec-1 (Fig. 2.1) (Iraqi Ministry of Water Resources, 2011).     

2.2 River Tigris and catchment area of Mosul dam 

The Tigris River is one of the two most important rivers in Iraq and main source of water for 
Mosul dam reservoir. The catchment area for Tigris River geographically is divided into three 
regions: mountainous, foot hills and the plain region.  The catchment area of the River Tigris 
estimated upstream of Mosul dam reservoir about 54900 km2, which is shared by Turkey, Syria 
and Iraq (Swiss Consultants, 1979; Saleh, 2010) and the catchment area of the valleys surrounding 
the reservoir is about 1375 km2 (Muhammad and Hbdul-Baki, 2005; Ezz-Aldeen et al, 2012). The 
main source for the Tigris River is Hazar Lake, which is located in the south eastern region of 
Turkey. The lake is surrounded by the Taurus mountain chain where the elevation reaches 3500 m. 
The Tigris River flows in the hilly regions located to the south western portion of the mountainous 
area connecting Turkey, Iran and Iraq. The River crosses the Iraqi border in Faish Khabur village 
which is located about 400 km from the main source and 128 km upstream of Mosul dam. Four 
major tributaries, Batman, Garzan, Botan and Al-Khabur feed the Tigris River north of Mosul 
dam from the left bank (Najib, 1980; Al-Ansari and Knutsson, 2011). The channel of the Tigris 
River is shallow and wide in the Diyarbakir area, but after it joins the Batman tributary it becomes 
a narrow and deep river with high velocity. The width of the river valley (flood plain) north of 
Mosul city to Faish Khabur before Mosul dam construction ranged from 2 to 10 km and the 
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average water surface slope in this reach was 0.65 m.km-1 (Swiss Consultants, 1979; Najib, 1980). 
The banks of the river valley have a steep slope from the right hand side and gentle low slopes 
from the left hand side.  

The annual hydrograph for Tigris River starts from October to September. The highest mean 
monthly discharge takes place during April and the driest month is generally September (Fig. 2.3). 

Figure 2.3: Monthly (mean, minimum and maximum) inflows of Tigris River at dam site (1931-
2011). 

The most significant features of the river upstream of Mosul dam are given in (Fig. 2.4).  

 

Figure 2.4: Annual mean inflow of the Tigris River at dam site (1931-2011). 

The sediment on the bed of the river before construction of the dam had a median grain size 
diameter of d50=18 mm (Swiss Consultants, 1979; Najib, 1980). In 2009, the sediments of the 
river were studied by the Dijla Company for Engineering Design 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 (ECB, 2010). 
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2.3  Mosul dam reservoir

The reservoir is located between latitude (4055000 to 4086000) m Northing and longitude 
(275000 to 320000) m Easting. The length of the reservoir is about 45 km and its width ranges 
from 2 to 14 km at the maximum operation level of 330 m.a.s.l. There are seven main valleys that 
feed the reservoir from the left side and three from the right side of the reservoir (Muhammad and 
Hbdul-Baki, 2005; Ezz-Aldeen et al, 2012). The characteristics of these valleys are shown in 
(Table 2.1). The soils of these valleys are mostly silty loam, silty clay, loam and clay (Ezz-Aldeen 
et al, 2012).

Valley name Side feeding Area km2 Slope Length km Mean basin level m.a.s.l 

Sweedy Right 450.76 0.0359 38.8 446.62 

Kara Kandy Right 78.52 0.0217 21.82 388.38 

Khuyr Hara Right 50.06 0.0525 10.86 404.89 

Amlik Left 88.95 0.0281 38.94 470.42 

Jardyam Left 88.73 0.0215 52.68 457.1 

Affkery Left 139.5 0.0214 58.04 445.34 

Khrab Malk Left 119.6 0.0255 51.32 475.87 

Naqeb Left 104.1 0.0143 54.71 426.52 

Kalaq Left 162.26 0.0173 60.52 424

Saeed Thaher Left 92.25 0.026 43.23 414 

Table 2.1: Properties of the main tributary valleys around Mosul reservoir. 

Mosul dam operates to provide storage for three irrigation projects, power generation, regulation 
and flood control for the Tigris River and recreation. Dam operation started during June, 1984 
with initial reservoir filling during the spring of 1985 but the actual operation began in July, 1986 
(Iraqi Ministry of Water Resources, 2011). Using the data available from the Iraqi Ministry of 
Water Resources the average annual inflow and outflow of the reservoir were 561 and 555 m3.sec-

1 respectively. The operation mode of the dam during 1986-2011 is shown in figure (2.5 and 2.6).

Figure 2.5: Annual mean inflow and outflow of Mosul reservoir. 
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Figure 2.6: Monthly mean inflow and outflow of Mosul Reservoir for 1986-2011.

2.4 Climatic features 

The climate of the catchment area may be regarded as being similar to a Mediterranean climate 
except some differences due to the presence of a mountainous region which is located within the 
Turkish territory. The climate is a hot-dry summer and cold-rainy winter with occasional snowfall 
taking place in the mountain region. The Precipitation in the Tigris River basin occurs between 
October and May. The annual precipitation over the Tigris basin ranges between 450 and 1500 
mm annually (Al-Ansari and Knutsson, 2011) while it is 200-600 mm at the dam site (ECB, 
2010). The heaviest precipitation occurs from December to February. Generally, snow melting 
begins in February. Therefore, the flood runoff continues to May or early June. After this the flow 
rates are reduced where the lower rates occur in August to October.  During this period the main 
source of the river runoff is groundwater. The average monthly temperatures range between 6°C in 
January to 34°C in July but the temperatures decrease towards the north (ECB, 2010). 

2.5 Geology

The oldest exposed formation within the vicinity of the reservoir is Pilaspi Formation 
(L.Miocene). The exposures of this formation are confined to the hilly areas. It is composed of 
dolostone, limestone, marl and marly limestone. In the plain areas, Lower and Upper Fars 
(Lower–Upper Miocene) formations are exposed. The Lower Fars Formation (also referred to as 
the Fatha Formation) is composed of alternating beds of limestones, gypsum and siltstones while 
the Upper Fars Formation (also referred to as the Injana Formation) is composed of alternating 
beds of sandstones and siltstones. In the northern part of the reservoir near the inlet, the main 
geologic formations are Pilaspi and Ana which are composed of limestones, while the Fatha and 
Injana Formations dominate the plain area (Al-Sinjari, 2007). 

In the vicinity of Mosul dam, the exposed Formation is Lower Fars. It is composed of alternating 
beds of limestones, marls and gypsum (Al-Ansari et al, 1981). 
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CHAPTER 3

Assessment of the adopted operating curves 

In this section a pre-construction topographic map scale 1:50000 dated 1983 was converted to 
digital map in a “triangular irregular network” (TIN) format using Arc/GIS software version 9.3. 
The digital map was used to compute the area-storage capacity curves before the dam operation to 
evaluate the adopted operational curves that were proposed by Imatran Voima Osakeyhtio (IVO), 
Consulting Engineers, Finland (IVO, 1968). Furthermore the TIN will be used for comparison 
with the 2011 bathymetric survey.  

3.1 Pre-construction topographic map of Mosul dam reservoir 

A pre-impounding topographic map was obtained from the Remote Sensing Center at Mosul 
University, Iraq.  The map was printed on A0 paper size, and then it was scanned and converted to 
(JPEG) format before further processing (Fig. 3.1). 

Figure 3.1: Mosul reservoir topographic map 1983. 

The topographic map was projected onto a satellite image and georeferenced to the “Universal 
Transverse Mercator “(UTM) projection, “WGS-1984, Zone 38N” in Arc/Info processing 
program within Arc/GIS software (ESRI, 2012) (Fig. 3.2). The satellite image was obtained from 
the Remote Sensing Center Mosul University. This image was taken in 2009 at the reservoir water 
surface elevation of 320 m.a.s.l. 
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Figure 3.2: Projection of Mosul reservoir topographic map 1983 onto the satellite image. 

To check the accuracy of work done, the map was superimposed on the satellite image. It was 
noticed that the course of the River Tigris path and side valleys were coinciding (Fig.  3.3). 

 
 
 
 
 
 
 
 
 

 
Figure 3.3: Details for some locations of Mosul reservoir topographic map 1983 on the satellite 

image. 

3.2 Triangular irregular network (TIN) for 1983 survey 

To establish a TIN for the 1983 survey, contour lines and spot locations of elevation (benchmarks 
and high water marks) within the reservoir area on the map (Fig. 3.2) were manually digitized to 
compute x,y,z coordinates. Furthermore, stream path lines representing the River Tigris within the 
reservoir area were also digitized. The River Tigris digitization was carried out depending on 
contour lines on the map and 0.65 m.km-1 water surface slope within the reservoir area at that time 
(Swiss Consultants, 1979; Najib, 1980). The total number of the digitized points was 6029 within 
the reservoir area (Fig. 3.4).

Dam site
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Figure 3.4: Locations of digitized points on Mosul reservoir topographic map. 

A reservoir “Polygon Shapefile” (hard clip) around the reservoir boundary was created from the 
satellite image using the Arc/map program within Arc/GIS software (Fig. 3.5). The polygon was 
used during a TIN development to prevent interpolation outside the enclosed area. 

Figure 3.5: Mosul reservoir polygon (hard clip) at elevation 320  m.a.s.l. 

All digitized points from the 1983 map and reservoir “Polygon Shapefile” were used to develop a 
TIN for the reservoir area before the construction of the dam (Fig. 3.6). The TIN was created by 
the tools “add XY data” command in Arc/map program within Arc/GIS software. The “WGS-
1984, Zone 38N” projection information, linear unit meter for interpolation, and 0.9996 scale 
factor were used for the construction TIN in the Arc/GIS software.
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Figure 3.6: TIN surface model generated using Arc/map of survey 1983 for Mosul reservoir. 

In addition to the previous check of the work, the longitudinal bed profile of the River Tigris 
within the reservoir area before impounding was plotted from the topographic map and TIN of the 
1983 survey using “3D-analyst” tools within the Arc/map program in the Arc/GIS software (Fig. 
3.7). When comparing the resulting slope (0.667 m.km-1) it was very close to that calculated 
before the dam was constructed for the Tigris River (0.65 m.km-1) (Swiss Consultants, 1979; 
Najib, 1980). 

Figure 3.7: Bed profiles of Tigris River from 1983 survey. 

3.3 Area-Storage capacity relationships for Mosul reservoir 

The TIN for the 1983 survey figure 3.6 was used to compute the water surface area and storage 
capacity of Mosul reservoir before impounding by “3D-analyst” tools. The area and storage 
capacity of Mosul reservoir as a function of pool elevation for the1983 survey are listed at 2 m 
intervals in table 3.1.  
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These data were used to construct the area-storage capacity curves and they were compared with 
the existing operational curves already proposed by IVO (Fig. 3.8 and Fig. 3.9). In doing so it was 
found that the percentage difference was 4.0% for stage-storage capacity curve and 7.7% for the 
stage-water surface area curve. This difference is due to the fact that the operational curves 
proposed by IVO (1968) for the dam were constructed using topographic maps older than 1968 
while the maps used in this work were constructed in 1983. In addition the difference in the dates 
of map construction and the techniques might have caused these differences. 

Figure 3.8: Operational curves of Mosul dam reservoir by IVO (After IVO, 1968). 

Pool elevation 
(m.a.s.l) 

Area
(km2)

Storage 
capacity

(m3) × 10-9

Pool elevation 
(m.a.s.l) 

Area
(km2)

Storage 
capacity

(m3) × 10-9

250 0.0331 0.0000375 286 87.319 1.2114 
252 0.0815 0.0001478 288 93.023 1.3917 
254 0.4775 0.006864 290 98.817 1.58355 
256 2.341 0.00303 292 104.93 1.7873 
258 6.7995 0.01164 294 111.35 2.0035 
260 14.203 0.042 296 122.66 2.2375 
262 18.304 0.11 298 133.72 2.49467 
264 22.363 0.161 300 142.92 2.851 
266 27.151 0.226 302 203.41 3.1167 
268 33.251 0.21764 304 215.99 3.5363 
270 37.242 0.28845 306 227.92 3.9803 
272 40.506 0.366173 308 239.65 4.448 
274 43.954 0.45057 310 251.13 4.93878 
276 48.574 0.54276 312 262.63 5.45253 
278 56.256 0.64692 314 274.28 5.9894 
280 61.485 0.7646 316 286.46 6.55 
282 68.609 0.894766 318 299.46 7.1358 
284 78.797 1.04314 320 316.15 7.74974 

Table 3.1: Water surface area and storage capacity of Mosul reservoir dam at different water 
levels for 1983 survey. 
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Figure 3.9: Area-Storage capacity curves for Mosul reservoir dam before dam construction.
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CHAPTER 4

Bathymetric survey 

Bathymetric surveys are used to measure directly the sediment deposited in reservoirs and lakes. 
The method was developed during the early twentieth century using manual techniques to measure 
water depth and boat position. For water depth measurement many procedures were introduced; in 
1903, Murray and Pullar presented a lead-lining recorder method for water depth measured using a 
winch system which was used in Loch Earn of the Grampian highlands of Scotland (Al-Ansari 
and McManus, 1980). Weighted wire-drag survey methods were introduced in 1904 and acoustic 
depth sounding (fathometer) was used in the 1930 (USACE, 2004; NOAA, 2012). Single beam 
techniques were used to measure water depth during the 1940 to the 1980 and then multibeam 
techniques were developed. During the period up to 1994, three-point sextant fixes to map 
reference points or microwave equipment (range-range or range-azimuth) methods were used to 
determine the position of the boat (USACE, 2004; NOAA, 2012). Through that period, the range 
line method was commonly used rather than contour method due to its relatively low costs. Since 
1994, important advances in bathymetric surveying technology have occurred due to the use of 
Global Positioning Systems (GPS) instead of the short-range microwave positioning techniques. 
Furthermore, the field data collection equipment and software have also become more advanced 
(USACE, 2004).
In Iraq no attempt had been made to carry out to bathymetric surveys of lakes and reservoirs in 
general. The only work done was on Hemrin dam reservoir in 1987 (Al-Ansari, 1987). In that 
survey two reference points for microwave equipment land stations were used. 
The recent advances in GPS, depth measuring systems (sonar viewer technique) and analysis 
procedures have also improved with the continued development of computers and data collection 
software. The contour method has become the preferred method for reservoir survey. This method 
is the most accurate technique for determining the total volume of sediment deposited, bottom 
profile, sedimentation pattern, the sediment yield from the watershed, and shift in the area-storage 
capacity curves (Morris and Fan, 1998).
This section presents the methodology and data processing methods that were used in the 
bathymetric survey for Mosul reservoir. The survey was conducted in May 2011 to determine the 
amount of sediment deposited, develop a new area-storage capacity curves and identify sediment 
distribution within the reservoir. The contour method was used to plan the bathymetric survey 
using echo sounder sonar viewer and Arc/GIS software as follows.

4.1 Field Techniques (data collection) 

A bathymetric survey for Mosul dam reservoir was conducted in May 2011 using an echo sounder 
with accessories, Jet Ski boat, (12v DC) echo sounding power unit and a variety of auxiliary 
equipment. The data were collected using a “200-kHz single-beam echo sounder viewer type Sea 
Charter 480DF” linked to a “Real Time Kinematic Global Positioning System (RTK-GPS)” which 
were working together to define the absolute x,y,z coordinates of the reservoir bottom during the 
navigation (Fig. 4.1). 
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Figure 4.1: Fish Elite 480 and Sea Charter 480DF echo sounder. 

The GPS receiver monitors the horizontal position of the survey boat while the echo sounder 
measured water-depth. The bathymetric survey system software recorded water depths and 
horizontal positioning as the survey boat navigated along the path of the boat within the reservoir 
and automatically logged in MMC (Multi Media Card) or SD card (Secure Digital card) flash 
memory card. These recordings are also called sonar charts or sonar graphs (a slg file format) that 
can be displayed on a personal computer using a sonar viewer program (Eagle Electronics, 2003) 
(Fig. 4.2).   

Figure 4.2: Shows a typical chart logged during the survey. 

The Mosul reservoir bathymetric survey was conducted over 12 days starting on May 15th and 
ending on June 3rd, 2011. The survey was conducted according to U.S. Army Corps of Engineers 
standards for distances between transverse sections, boat types and calibration methods (USACE, 
2004). Installation and calibration of the echo sounder were performed before the bathymetric 
survey. The calibration was performed by a marked rod over the side of the boat in calm water 
according to the methods described in Ferrari and Collins (2006) and Eagle Electronics (2003). 
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The error values of water depth measurements were ±4 cm depending on the water depth within 
the reservoir. The water temperature during the survey was taken by sea chart echo sounding. The 
temperature range was 28-30°C during the whole survey period. Since the change in temperature 
was very small, the effect of temperature in water depth measurements was neglected (Ferrari and 
Collins, 2006). Transducer face depth (draft) during the survey was 0.35 m below the water 
surface. This depth represents the depth of the transducer face below water level. The draft depth 
was used to correct the water depths that were recorded by echo sounder. The bathymetric survey 
was performed in calm water to avoid the errors in water depth measurement due to waves. The
water surface elevations during the survey were recorded at the hydropower generation station at 
the dam site and the pumping station of north Al-Jazeera irrigation project at the upper zone of 
Mosul Reservoir (Fig. 2.1). The recorded readings were between 319.75 to 319.96 m.a.s.l.  These 
elevations were used to convert the acoustic depth measurements to reservoir bottom elevations 
during the data processing. Figure 4.3 shows the details of the transect lines during the 
bathymetric survey.  

 
Figure 4.3: Mosul reservoir bathymetric survey data points. 

4.2 Data processing (data analysis) 

The recent advance in computer technology and software facilitated the data analysis processes. 
The echo sounding survey system produces data files in a (slg) format containing water depth data 
and boat position data in a UTM system. Each (slg) file has been processed according to the 
following method: 

Each (slg) file was converted to x,y,z  coordinates (*csv) excel file format by Sonar Viewer 
program 2.1.2  (Lowrance, 2012) and filtered from zero water depth values by an excel 
program.  
For adjusting the transducer depth, a new field (Adj-depth) was added to the excel file. Then 
the (Adj-depth) is calculated as = water depth + transducer face depth (0.35 m) 
To set the water depth relative to the reservoir bed elevation another column was added to that 
file (bed-elevation). The value of bed-elevation = water surface elevation – Adj-depth. The 
water surface elevation for each survey date was used for each data set collected on that date. It 
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should be mentioned however that the survey was conducted during calm periods where the 
wave heights were less than 10 cm. For this reason the effect of waves was neglected.
A digitized water surface reservoir boundary was obtained from a satellite image. This image 
was taken at the reservoir water surface elevation of 320 m.a.s.l. The image was used to 
determine contour 320 m.a.s.l which represents the maximum elevation of water in the 
reservoir. The data were digitized 742 points in (*csv) excel file.
All (*csv) excel files were combined together in one (*csv) excel file. The final bathymetric 
survey data and digitized water surface boundary data were about 84,684 points within the 
reservoir area. These data and polygon Shapefile (Fig. 3.5) were used to develop a TIN of  the 
2011 survey by tools “add XY data” option using Arc/map program within Arc/GIS software. 
(Fig. 4.4).

Figure 4.4: Mosul reservoir TIN surface model generated from bathymetric survey 2011 using 
Arc/map. 

4.3 Bathymetric survey results 
The main objectives of the reservoir survey are computation of the reservoir storage capacity, 
updated area-storage capacity curves and to determine sediment distribution within the reservoir. 
The TIN map is usually used to compute the storage capacity and water surface area of the 
reservoir by “3D-analyst” command within Arc/GIS software (USACE, 2004; Ferrari, 2006). The 
TIN for the 1983 survey (Fig. 3.6), TIN 2011 survey (Fig. 4.4) and adopted operation curves (Fig. 
3.8) were used to compute the following. 

4.3.1 Storage capacity and sediment accumulation 

The total volume of sediment accumulated within a reservoir represents the reduction in storage 
capacity for two surveys at different times (Ferrari and Collins, 2006). The storage capacity of 
Mosul reservoir at pool elevation 320 m.a.s.l was 7.749×109 m3 and 6.606×109 m3 for the adopted 
operation curve and 2011 survey respectively. The difference in storage capacities was 1.143 ×109

m3. This is the total storage loss due to sediment deposition through 25 years of operation which 
represents 14.73% of total storage. This implies that the annual sedimentation rate is 0.59%. This 
rate is less than the average worldwide rate of 1% that was proposed by Mahmood (1987) and of 

Dam site
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the Middle East rate 1.02% (Basson, 2008).  In view of the above, the annual sedimentation rate is 
45.72×106 m3.yr-1 for Mosul reservoir. This suggests that the reservoir will be filled completely 
within 169 yr. The results showed the average rate of sediment yield in the catchment area 
upstream dam site is 780 t.km2.yr-1 that is less than the average global rates proposed by Walling 
and Webb (1996) and Walling (2009). Furthermore, the live storage capacity of the reservoir was 
4.797×109 m3 in 1986 and 4.234×109 m3 in 2011. The results showed that the sediment deposited 
within the live storage was 0.5657×109 m3 which represents 49.5% of total sediment deposited 
within the reservoir. This implies that the live storage capacity was reduced by 11.8% for the 
period 1986 - 2011. The amount of sediment deposited within the dead storage region was 0.5773 
×109 m3 representing a 19.62% reduction in the dead storage.

4.3.2 New area- storage capacity curves 

To ensure prudent operation of Mosul dam new operational curves were established based on the 
survey conducted in 2011. The TIN for survey 2011 (Fig. 4.4) was used to compute water surface 
area and storage capacity as a function of water elevation for Mosul reservoir using the “3D-
analyst” command (Table 4.1). 

Pool Elevation 
(m.a.s.l) 

Area
(km2)

Storage 
Capacity 
(m3)×10-9

Pool Elevation 
(m.a.s.l) 

Area
(km2)

Storage 
Capacity 
(m3)×10-9

250 0 0 286 77.695 0.887033 
252 0.071728 0.0000115 288 85.443 1.05058 
254 0.60038 0.0007003 290 92.854 1.2288 
256 1.217 0.00244 292 100.936 1.4224 
258 2.647 0.0061 294 110.4586 1.63335 
260 5.6005 0.01375 296 118.78 1.86238 
262 8.44675 0.02793 298 127.122 2.108095 
264 11.00638 0.047376 300 136.540 2.3714 
266 13.6215 0.07196 302 147.362 2.65507 
268 17.04205 0.102357 304 159.678 2.962 
270 21.463 0.14074 306 175.310 3.29586 
272 26.912 0.18892 308 191.093 3.662242 
274 32.10933 0.24781 310 208.211 4.0618 
276 38.40974 0.3181647 312 224.722 4.4945 
278 44.7586 0.401273 314 242.055 4.96114 
280 51.682 0.49748 316 264.18 5.46833 
282 60.266 0.60893 318 283.263 6.015653 
284 69.954 0.739142 320 309.541 6.605795 

Table 4.1:  Water surface area and storage capacity of Mosul reservoir dam at different water 
levels for 2011 survey. 

These data were used to develop the new area-storage capacity curves of Mosul reservoir (Fig. 
4.5). The new operation curves were compared with the operational curves that were proposed by 
IVO. It is evident that there is a shift between the curves. This is due to the change in the storage 
capacity and water surface area of the reservoir due to sediment deposition during the operational 
period of the dam. 
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Figure 4.5: New Area-Storage capacity curves for Mosul reservoir. 

A stage-storage capacity displacement curves during the operational period of the reservoir (Fig. 
4.6A) were proposed by IVO (1968). The data in table 4.1 and figure 4.6A were used to compare 
the established curves in this work (Fig. 4.6B). In figure 4.6B it can be clearly noticed that the 
stage-storage curve of the 2011 survey falls between the initial volume and 40 years operation 
curves but closer to the latter. It can also be noticed that the curve coincides with the 40 years 
operation curve at a water elevation above 316 m.a.s.l. or more. This might be due to the 
accumulation of sediment at a greater rate than expected by IVO. 

 
 

Figure 4.6: Comparison of stage-storage curve displacement during operation of the Mosul 
reservoir. 

4.3.3 Longitudinal sediment distribution 

The study of sediment distribution within reservoirs is of major importance for the designers and 
planners of hydraulic structures and those interested in flushing reservoirs. To show the sediment 
distribution within the reservoir area, the reservoir was divided by Arc/map program into three 
zones; upper, middle and lower (Fig. 4.7). These divisions were based on the shape of the 
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reservoir. There are two bends within the general shape of the reservoir. These bends were used to 
designate the borders between these zones. 

Figure 4.7: The zones of the Mosul reservoir polygon at elevation 320 m.a.s.l. 

The volume and percent of accumulated sediment in these zones were computed by “3D-analyst”
tools from TINs of two surveys (Table 4.2). 

Location Storage Capacity 
(m3)×10-9 at (1983) 

Storage Capacity 
(m3)×10-9 at (2011) 

Accumulated sediment 
(m3)×10-9

%  reduction of 
total storage 

capacity 
Upper zone 1.538 0.938 0.600 39 
Middle zone 2.85 2.55 0.300 10.5 
Lower zone 3.361 3.12 0.241 7.17 

Total  7.749 6.606 1.143 14.73 

Table 4.2: Storage capacity of all zones for Mosul reservoir dam at level (320 m.a.s.l) for two 
surveys. 

Table 4.2 shows that the overall reduction of the storage capacity of the reservoir was 14.73% 
between the two surveys. The upper zone of the reservoir showed the highest reduction (39%) 
compared to the middle (10.5%) and lower (7.17%) zones. This is due to the fact that the River 
Tigris enters the reservoir from the north (Fig. 4.8). This sequence is very logical in reservoirs 
(Fan and Morris, 1992; Al-Ansari and Al-Alalami, 2003; Al-Ansari and Shatnawi, 2006; Al-
Ansari and Knutsson, 2012). 
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Figure 4.8: 3-Dimensional bed profiles of Mosul reservoir at elevation 320 m.a.s.l. 

Furthermore, longitudinal profiles were plotted on the thalweg of the Tigris River within the 
reservoir area for the 1983 and 2011 surveys. The thalweg profiles were drawn using the pre-
impounding topographic map, the satellite image and TINs of the two surveys by “3D-analyst”
option (Fig. 4.9). The difference between the original and 2011 survey represents the sediment 
deposited in the reservoir during this interval. These longitudinal profiles represent the deepest 
part of the reservoir bottom along the central portion for 1983 survey. The drawing showed that 
the greatest volume of sediment was deposited within the upper zone of the reservoir. 

Figure 4.9: Comparison of thalweg longitudinal profiles for1983 and 2011surveys of Mosul 
reservoir.
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CHAPTER 5

Conclusions and future works 

5.1  Discussions and Conclusions 

Two surveys were used to evaluate the quantity of sediment deposited in Mosul Dam reservoir 
since its operation in 1986 up to 2011. Topographic map dated 1983 was used to establish a TIN 
map using Arc/GIS program. The TIN was used to evaluate the adopted operating curves and for 
comparison with 2011 bathymetric survey. The results of comparing the adopted curves and that 
obtained from the topographic map (TIN) showed that the maximum percentage differences were 
4.0% for stage-storage capacity curve and 7.7% for the stage-water surface area curve. 

In May 2011 a bathymetric survey was conducted for Mosul reservoir (after 25 years of operation) 
using 200-kHz single-beam echo sounder sonar viewer. This survey presented the new operational 
curves for Mosul dam reservoir. The bathymetric survey results indicated that the reduction in the 
storage capacity of the reservoir due to sediment deposition was 14.73% (1.143×109 m3). This 
implies that the annual reduction rate in the storage capacity was 0.59% (45.72 ×106 m3.yr-1)
which is less than the 1% worldwide and 1.02 Middle East rates and the average rate of sediment 
yield in the catchment area upstream the dam is 780 t.km-2.yr-1  (45.72 ×106 m3.yr-1) which is 
lower than the average global rates given by Walling and Webb (1996) as 1000 t.km-2.yr-1 . 
Sediment deposited within the live storage part of the reservoir was 0.5657×109 m3 which 
represents 49.5% of the total sediment delivered from the catchment area to the reservoir. The 
results showed that the reduction in the dead storage during the operating period was 19.62%. The 
results indicated a 52.5% of total sediment was deposited within the upper zone of the reservoir 
where the River Tigris enters the reservoir and it decreases towards the dam site.   

5.2 Future studies 

In order to complete work in an integrated manner the work should in the future focus on the 
following:

1- Changes in the reservoir bottom morphology.  
Areas of sedimentation and erosion within the reservoir will be determined. Changes in the river 
valley which occurred during the operational period of the dam using the two topographic maps 
(TINs of 1983 and 2011 surveys) will be looked at. 

2- Sediment distribution within the reservoir. 
Forty six sediment samples were collected from the bottom bed of the reservoir. These samples 
will be analyzed for their particle size distribution. The nature of the sediment distribution within 
the reservoir will be discussed. 

3- Operational effects of Mosul dam on sediment movement upstream the reservoir.  
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A laboratory study will be conducted using a physical model for the upper zone of Mosul dam 
reservoir to find out the impact of water level in the reservoir and water discharge in the River 
Tigris on the sediment movement upstream of the reservoir where the Tigris River enters the 
reservoir. 

4- Sediment transported by the River Tigris to the reservoir. 
Five transverse sections of the River Tigris upstream of the reservoir will be surveyed.  Sediment 
samples from river bed will be collected and analyzed. The hydraulic and sediment field data will 
be used to calculate the sediment transport rate of the River Tigris using various formulas. The 
results will be compared with the bathymetric survey results to find out the most suitable formula.  

The above points will give a complete view of the process of sedimentation within Mosul Dam. 
The mathematical formula which is more suitable for the River Tigris should be used for future 
prediction of sedimentation rates. The results of the experiments on the physical model will help 
the engineers in their operation. In case the decision makers would like to minimize the 
sedimentation rates, the nature of the sediment distribution within the reservoir will greatly help to 
pin point the priorities of areas to be treated first. The flow chart (Fig. 5.1) shows the overall 
framework of this research.   
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Figure 5.1: Flow
 chart of study.
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Abstract  
Mosul dam is the biggest hydraulic structure in Iraq located on the River Tigris 50 Km northwest of Mosul city.  Its 
storage capacity is 11.1 × 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 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 (500, 1000, 1500 and 2000 m3/s respectively) 
which represent the average discharges in the flood period of River Tigris. At each individual discharge six 
operations were assumed where the reservoirs water level was 305,307,309,310, 312, 315m above sea level (m.a.s.l) 
respectively. In all the experiments conducted, bedload transport 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 onward. 
This is due to the fact that at this level represent the effect of backwater which was noticeable on the river cross 
section. 

Key words 
Sediment transport, Mosul dam, reservoir operation, bedload 

I. 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. (Jain and Singh, 2003). The 
construction of dams on the rivers to impound water leads to changes in the flow regime of the river due to 
backwater flow. Impounding causes increase of the flow cross section area leading to a decrease in the flow 
velocity. As consequence, sediment is deposited. Relatively coarse sediment are deposited first and 
followed by finer sediment toward the reservoir area. (Grade and Range Raja, 1985).  

 The sedimentation problems may take place upstream, downstream and within the reservoir. In general 
sediment accumulation within the reservoir reduces its storage capacity. The annual storage loss capacity 
within reservoirs reaches 1% (Mahmood, 1987 in Morris and Fan, 2010). In addition, the impact of the 
backwater flow cause sediment depositions within the river valley upstream the reservoir causing 
aggradation where the flood level is raised causing the formation of swamps (Garde and Ranga Raja, 
1985). 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 of the lake, operation mode, grain size and type of the sediment and the water 
inflow discharge etc. (U.S Bureau of Reclamation, 1987). Therefor 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 (Morris and Fan, 2010). In addition, the reservoir operation rule plays 
a major role in sediment movement and distribution (Wan and et al, 2010) (Wu and et al, 2007).  

 This paper presents a laboratory study using a physical model to find out the impact of operation water 
level on the Mosul dam reservoir on sediment movement upstream the reservoir where the Tigris River 
enters the reservoir.  
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II.  DESCRIPTION OF THE STUDY AREA  

    Mosul dam is one of the biggest hydraulic structures in Iraq which has been built 1986 on the Tigris 
River north of Iraq approximately 50 km northwest Mosul city (Fig. 1). It is a multipurpose project for 
irrigation, flood control and hydropower. The dam is 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 (m.a.s.l), 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 (Ministry of water resources Iraq, 2011). The 
catchments area estimated upstream Mosul dam is 54,900 km2 of which 23,500 km2 is in Iraq (Saleh, 
2010). Tigris River is the main water body entering Mosul dam reservoir. The average water surface slope 
in this reach before dam construction was 0.65m/km. The sediment at the bed of the river have a median 
grain size diameter of d50=18 mm (Najib, 1980; Swiss Consultants, 1979). 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 gr/cm3 while the median grain size diameter of the sediment was d50=12.4 mm. 

III.  EXPERIMENTAL INVESTIGATION AND SETUP 

The sediment transport rate in the 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.  

                III.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. It is a distorted movable bed model based on the bed profile survey conducted by 
Dijla Company for Engineering Design in December 2009. Froude similarity and continuity equation were 
used in establishing the model (Chanson, 2004). It has two scale ratios they are: horizontal Hr= 1:1000 and 
vertical Vr=1:100, and it has discharge scale ratio Qr= 106, (Fig. 2).  

 The model bed was filled with briquette (coal) up to 10 cm thick.  Its specific gravity is Gs=1.8 gr/cm3

and median grain size diameter d50=2.7 mm. The water discharge was supplied by a pump with maximum 
discharge 50Lps which takes the water from earth tank 111 m3. 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 

Tigris River

Mosul dam

Area representing the
physical model

Figure 1: Location of Mosul dam and the studied area.

NLocation of Sec. 1

Mosul dam reservoir



43

entrance of the model for smoothing the flow (Fig. 2). The water level in the model was controlled by 
downstream gate. For measurement purposes grid of strings was installed above the model representing 
level 356 m.a.s.l 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. 
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  III.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 stage 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 recirculatory 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 represent the  cross section on the 
Tigris River upstream the reservoir having bed level of (308 m.a.s.l) (Fig. 2). The sediment were added 
(specific gravity Gs=1.8 and median grian 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 that was added was 
equivalent to that transported by the River Tigris load (Harza and Binne, 1963; Kurukji, 1985).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 (1).

Table 1:   Summary of mesearments in the physical model at section (1) 

IV. ANALYSIS AND DISCUSSION OF RESULTS 

      Management and operation of water within a reservoir can influence the sedimentation patterns within 
the reservoir. Prudent management is very important for reducing the impact of this problem. Experiments 
were performed to study the impact of two important factors on the bedload rate in the reservoir as follow: 

Discharge in prototype (m3/sec) 500 1000 1500 2000 

Discharge in model  (lps) 0.5 1.0 1.5 2.0 

Water operation level in prototype (MSL) Bedload at Sec. (1) (gr/sec) 

305 3.848 9.143 13.571 17.22 

307 3.787 8.695 12.846 16.02 

309 3.417 7.24 11.636 14.887 

310 1.987 4.04 8.767 14.33 

312 0.0009 0.427 0.686 2.502 

315 0.00009 0.0001 0.0001 0.0007 
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IV.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 affect 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 1). The results of the experiments showed that the rate of 
bedload increases with the decrease of water level in the reservoir (Fig. 4). Also the bedload decreases 
suddenly at section 1  after water level reaches 309 (m.a.s.l) in the reservoir for all water discharges. 

IV.2 Impact of upstream water discharge on bedload rate 
     The water discharge is an important factor influencing sediment movement within the reservoir. So this 
was performed at the physical model by selecting four different discharges. These discharges were chosen 
in such  away  that they represent the monthly average discharges of the Tigris River for its flood period 
(Table 1). 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 bedload deposited 
in section 1 were calculated. In this context, when the water level is 305m.a.s.l 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 MSL at that area.  Having this then, the percentage bedload deposited (qsd) can be found as: 

(2)

Where is: 

qs305- bedload rate at section 1 when water stage in the model represent  305m.a.s.l in the reservoir. 

qsi - bedload rate at section 1 at any stage .  

Table (2) show the all calculations.  The relation between percentage bedload deposited with the variation 
water stage and water discharge is shown in (Fig.5). 

,100%
305

305

sq
is

qsq

sdq

Figure 4: Variation of bedload rate with water discharge at different
water levels within the reservoir for the physical model.
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Table 2:   Percentage of bedload deposited section 1 

V.  CONCLUSION

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 used with six different water stages 
representing the flooding period of the River Tigris.  

The result of the experiments indicates:  

a-Sediment transport rate is directly related to the water stage. In this context, bedload rate was inversely 
related with the water stage. From (Fig.5) and equation 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. 

b-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. 

c-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.  

Discharge in prototype (m3/sec) 500 1000 1500 2000 

Discharge in model  (lps) 0.5 1.0 1.5 2.0 

Water operation level in reservoir (MSL) Percentage bedload deposited % 

305 0 0 0 0 

307 1.6 5 5.35 7 

309 11.2 20.8 14.26 13.6 

310 48.4 55.8 35.4 16,8 

312 99.977 95.33 95 85.5 

315 99.998 99.9989 99.9993 99.9959 

Figure 5: Relationship of percentage bedload deposited with water levels at
Sec.(1).
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d- Keeping the water level within the reservoir during the flood period as high as possible will reduce the 
amount of sediment entering the reservoir. This will decrease the amount of sedimentation during flood 
and in this way the sediments reaching the dam site will be minimal. 
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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, 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 m above sea level (m.a.s.l) respectively. 
In all the experiments conducted, bedload transport was measured in the physical model at section 
representing the River Tigris 1km 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 onward. This is due to the fact that at 
this level represent the effect of backwater which was noticeable on the river cross section. 

Key words: Sediment transport, Mosul dam, reservoir operation, bedload, physical model. 

VII. 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 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]. Therefor the 
management of the reservoir sedimentation is extremely difficult. So the methods to mitigate of 
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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].

    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. 

VIII. Description of The Study Area  

    Mosul dam is one of the biggest hydraulic structures in Iraq which has been built 1986 on the 
Tigris River north of Iraq approximately 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 m.a.s.l, 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 [10; 9]. 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].

Figure 1: Location of Mosul dam and the studied area. 

IX. 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: 

Tigris River

Mosul dam site

Area representing the
physical model

NLocation of Sec. 1

Mosul dam reservoir
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• 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.  

a. 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 Engineering Consulting Bureau (ECB) 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 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). 

Table 1: Computed scale ratios of the physical model. 

Parameter Symbol Scale ratio 
Horizontal dimension Xr 1000
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 6121
Sediment transport rate Qsr 24049
Settling velocity Wr 2.888
Shear velocity V*r 2.89

   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 m.a.s.l 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. 
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Figure 2: Schematic diagram of the physical model. 

Figure 3: The physical model. 

b. 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 recirculatory 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 m.a.s.l). The sediment were added (specific gravity Gs=1.8 and 
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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 2: Summary of measurements in the physical model at section 1. 

X. Analysis and Discussion of Results 

    Management and operation of water within a reservoir can influence the sedimentation pattern 
upstream and within the reservoir. Prudent management is very important for reducing the impact 
of this problem. It can also help in the process of flushing the sediment. Experiments were 
performed to study the impact of two important factors on the bedload rate in the reservoir as 
follow: 

a. 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 1). 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 
m.a.s.l for all water discharges. 

Discharge in prototype (m3/sec) 500 1000 1500 2000 
Discharge in model  (l/s) 0.5 1.0 1.5 2.0

Water operation level in prototype (m.a.s.l) Bedload at Sec. (1) (gr/sec) 

305 3.848 9.143 13.571 17.22

307 3.787 8.695 12.846 16.02

309 3.417 7.24 11.636 14.887

310 1.987 4.04 8.767 14.33

312 0.0009 0.427 0.686 2.502

315 0.00009 0.0001 0.0001 0.0007
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Figure 4:   Variation of bedload rate with water discharge at different water levels within the 
reservoir for the physical model. 

b. 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 1). 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 equation 
(2). In this context, when the water level is 305 m.a.s.l 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 m.a.s.l at that area.  Having this then, the percentage bedload deposited (qsd) can be found as: 

……………………………..………………………….(2)

Where is: 

qs305- bedload rate at section 1 when water stage in the model represent  305m.a.s.l in the 
reservoir. 

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

    Table (3) show the all calculations.  The relation between percentage bedload deposited with the 
variation water stage and water discharge is shown in (Fig.5). 
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Table 3:  Percentage of bedload deposited at section 1.

Figure 5:   Relationship of percentage bedload deposited with water levels at Sec.(1). 

XI. Conclusion

    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 directly related to the water stage. In this context, bedload rate was 
inversely related with the water stage. From (Fig.5) and equation 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.  

Discharge in prototype (m3/sec) 500 1000 1500 2000 
Discharge in model  (l/s) 0.5 1.0 1.5 2.0

Water operation level in reservoir (m.a.s.l) Percentage bedload deposited % 

305 0 0 0 0
307 1.6 5 5.35 7
309 11.2 20.8 14.26 13.6
310 48.4 55.8 35.4 16,8
312 99.977 95.33 95 85.5
315 99.998 99.9989 99.9993 99.9959
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Keeping the water level within the reservoir during the flood period as high as possible will 
reduce the amount of sediment entering the reservoir. This will decrease the amount of 
sedimentation during flood and in this way the sediments reaching the dam site will be minimal. 
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Abstract: Mosul dam is one of the biggest hydraulic structures in Iraq. Its storage capacity is 
11.11×109 m3 at a maximum operation level 330 m of a.s.l. The dam became operational in 1986 
and no survey has been conducted to determine its storage capacity and establish new operational 
curves since this date. In this research topographic map scale 1: 50000 dated 1983 was converted 
to triangulated irregular network (TIN) format using the Arc/GIS program to evaluate the 
operational curves. Then the reservoir was surveyed in 2011 to establish the reduction in its 
storage capacity and to develop new operational curves. The results indicated that the reduction in 
the storage capacity of the reservoir was 14.73%. This implies that the rate of sedimentation 
within the reservoir was 45.72×106 m3.yr-1. The results indicated that most of the sediment was 
deposited within the upper zone of the reservoir where the River Tigris enters the reservoir. 

Key words: Mosul Dam, Bathymetric survey, Dam operational curves, Iraq, Reservoir 
sedimentation. 

1. INTRODUCTION

Scarcity of water resources in the Middle East is an extremely important factor in the political 
stability of the region and an integral element in its economic development and prosperity (Naff, 
1993; Al-Ansari, 1998 and 2005). Future predictions suggest more severe shortages of water and a 
reduction in water security (Bazzaz, 1993; Al-Ansari et al, 1999). Until the 1970s, Iraq was 
considered an exception relative to its water-stressed neighbouring countries due to the presence 
of the Tigris and Euphrates rivers (Al-Ansari and Knutsson, 2011).

The idea of building dams in Iraq started in the first half of the twentieth century. Primarily it was 
to protect Baghdad, the capital, and other major cities from flooding. The first big dam (Dokan) 
was constructed in 1959 on the Lesser Zab River. Later, dams were constructed for irrigation and 
power generation purposes (General Commission for Dams and Reservoirs, 2009; Iraqi 
Parliament, 2009). The total water withdrawal in Iraq was about 42.8 km3.yr-1 (1357 m3.sec-1) in 
1990 which was used for agricultural (90%), domestic (4%) and industrial (6%) purposes (Sadik 
and Barghouti, 1993; Al-Ansari, 1998 and 2005). According to the most recent estimates, 85% of 
the water withdrawal is used for agricultural purposes (Al-Ansari, 1998; Al-Ansari and Knutsson, 
2011). It should be mentioned however, that safe water quality supplies reach 100% of the urban 
areas and only 54% of rural areas. The purification and distribution of municipal water supplies 
situation had deteriorated after the Gulf war for both water and sanitation sectors (Al-Ansari and 
Knutsson 2011). In 1977 the Turkish Government started to utilize the water of the Tigris and 
Euphrates Rivers through the South-eastern Anatolia Project (GAP). The project includes 22 
multipurpose dams and 19 hydraulic power plants which are to irrigate 17103 km2 of land with a 
total storage capacity of 100 km3 which is three times more than the overall capacity of Iraq and 
Syrian reservoirs (Al-Ansari and Knutsson, 2011). Eight of these dams are to be constructed on 
the River Tigris. Only three were built (two in 1997 and one in 1998). 
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Iraq used to receive 20.9 km3.yr-1 of water from the Tigris River and, once Ilisu dam is 
constructed, this is likely to drop to 9.7 km3.yr-1 which means that 47% of the river flow will be 
depleted (Al-Alaf, 2009). This means that 696103 hectares of agricultural land will be abandoned 
due to water scarcity (Al-Ansari and Knutsson, 2011). The Iraqi Government realized the process 
of building dams should be speeded up due to the huge increase of water demand and the threat of 
reducing water flows in the Tigris and Euphrates by Turkey and Syria. The process stopped in the 
1990s due to the second Gulf war and UN sanctions. None of these dams were filled to their 
maximum storage capacity until year 2012. The reduction of flow in the Tigris and Euphrates 
Rivers in Iraq is considered to be a national crisis and will have severe negative consequences on 
health and on environmental, industrial and economic development (Al-Ansari and Knutsson, 
2011).

In view of the above, this makes it imperative to manage national water resources prudently. The 
Iraqi Government is forced now to adopt speed and effective procedures to overcome the water 
shortages (Al-Ansari and Knutsson, 2011). Among these procedures is the evaluation of the actual 
storage capacities of reservoirs. Despite the importance of the evaluation of the actual capacity of 
the existing reservoirs very little work had been executed in this context. In Iraq the only existing 
work was carried out in 1987 (Al-Ansari, 1987). Similar work was carried out in Jordan after 2003 
(Al-Ansari and Al-Alalami, 2003; Al-Ansari and Knutsson, 2012). In this research, a pre-
construction topographic map scale 1: 50000 dated 1983 was converted to digital map in a TIN 
format using Arc/GIS. The TIN map was used to compute the area-storage capacity curves before 
the dam operation to evaluate the adopted operating curves that were proposed by Imatran Voima 
Osakeyhtio, Consulting Engineers, Finland (IVO, 1968). Then, Mosul dam reservoir was surveyed 
in 2011 to evaluate its existing storage capacity and to establish new operational curves. The 
difference in the capacity of the reservoir obtained by the adopted operating curves and the new 
survey conducted in 2011 represent the sediment accumulated within the reservoir since 1986 up 
to 2011. The two surveys were used to determine the sediment distribution within the reservoir. 

2. SITE DESCRIPTION 

Mosul dam is one of the biggest hydraulic structures in Iraq which has been built on the Tigris 
River north of Iraq. The dam is located approximately 60 km northwest of Mosul city and 80 km 
from the Syrian and Turkish borders as shown in (Fig.1). The main dam is 113 m high, 3650 m 
long (including its spillway), has a  10 m top width and the crest level is 341 m.a.s.l (Iraqi 
Ministry of Water Resources, 2012). Construction of Mosul dam began on January 25th, 1981, and 
it was operating on July 24th, 1986. It is a multipurpose project for irrigation, flood control and 
hydropower generation. The majority of the water entering the reservoir flows from the River 
Tigris. The water surface area of the reservoir at the beginning of the dam operation was 380 km2

with a storage capacity of 11.11×109 m3 at the maximum operation level 330 m.a.s.l including 
8.16×109 m3 live storage and 2.95×109 m3 dead storage (Iraqi Ministry of Water Resources, 2012). 
The length of the reservoir is about 45 km and its width ranges from 2 to 14 km at the same 
operation level. There are 10 main valleys feeding the reservoir, 7 from the left side and 3 from 
the right side (Muhammad and Mohamed, 2005; Mohammed et al, 2012). The soils in the bed of 
the valleys are mainly silty loam, silty clay loam and clay (Mohammed et al, 2012).The catchment 
area of the River Tigris estimated upstream of Mosul reservoir is about 54900 km2 shared by 
Turkey, Syria and Iraq (Swiss Consultants, 1979; Saleh, 2010) and the catchment area of the 
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valleys surrounding the reservoir is about 1375 km2 (Muhammad and Mohamed, 2005; 
Mohammed et al, 2012). 

Figure 1: Location of Mosul dam. 

The highest mean monthly discharge occurs during April and the driest month is generally 
September (Fig. 2). The maximum and minimum monthly discharges of the River Tigris ever 
recorded since 1931 were 3514 m3.sec-1 in April 1954 and 87.7 m3.sec-1 in September 1986 
respectively (ECB, 2010). Impounding of the reservoir started June 1984 with initial reservoir 
filling during the spring of 1985 but the actual operation of the dam started in 1986. Figure 3 
illustrates the inflow-outflow operation in the period 1986-2011.  

Figure 2: Monthly inflows of Tigris River into the reservoir averaged over the years 1931 2011.
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Figure 3: Annual mean inflow and outflow of Mosul reservoir. 

3. TOPOGRAPHIC SURVEY OF 1983 

A pre-impoundment topographic map scale 1: 50000 dated 1983 was used to evaluate the adopted 
operating curves and for comparison purposes with the 2011 bathymetric survey. The map was 
obtained from the Remote Sensing Center at Mosul University Iraq.  The topographic map was 
projected onto a satellite image and georeferenced to the Universal Transverse Mercator (UTM) 
projection, “WGS-1984, Zone 38N” in Arc/Info processing program within Arc/GIS software 
version 9.3 (ESRI, 2012) (Fig.4). To check the accuracy of work done, the map was superimposed 
on the satellite image. It can be seen that the course of River Tigris and side valleys coincide (Fig. 
4).

Figure 4: Projection of Mosul reservoir topographic map 1983 on the 2009 satellite image.
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Contour lines and spot locations of elevation (benchmarks and high water marks) within the 
reservoir area on the map were manually digitized to compute x,y,z coordinates. Furthermore, 
stream path lines representing the River Tigris within the reservoir area were also digitized using 
water surface slope and contour lines. The water surface slope of the River Tigris within the 
reservoir area at that time was 0.65 m.km-1 (Swiss Consultants, 1979; Najib, 1980). The total 
number of the digitized points were 6029 within the reservoir area (Fig. 5). 

Figure 5: Location of digitized points on Mosul reservoir topographic map. 

A reservoir Polygon Shapefile (hard clip) around the reservoir boundary was created from satellite 
image using Arc/map program within Arc/GIS software (Fig. 6). This image representing the 
reservoir at 320 m.a.s.l. was obtained from the Remote Sensing Center at Mosul University. The 
polygon was used during a TIN development to prevent the interpolation outside the enclosed 
area. 

Figure 6: Mosul reservoir polygon (hard clip) at elevation 320  m.a.s.l. 
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All digitized point files from the 1983 map and reservoir Polygon Shapefile were used to develop 
a TIN for the reservoir area before the construction of the dam (Fig. 7). The TIN was created by 
the tools “add XY Data” command in Arc/map program within Arc/GIS software. The “WGS-
1984, Zone 38N” projection information, linear unit meter for interpolation, and 0.9996 scale 
factor were used at this time. 

Figure 7: Mosul reservoir a TIN surface model generated using Arc/map of survey 1983. 

In addition to the above check, the longitudinal bed profile of the River Tigris within the reservoir 
area before impounding was plotted from the topographic map and TIN of 1983 survey using 
“3D-analyst” tools within the Arc/map program in the Arc/GIS software (Fig. 8). When 
comparing the resulting slope (0.667 m.km-1) it was very close in its value to that calculated 
before the dam was constructed for the Tigris River (0.65 m.km-1) (Swiss Consultants, 1979; 
Najib, 1980).

Figure 8: Bed profile of Tigris River from 1983 survey. 
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The TIN for the 1983 survey was used to construct the area-storage capacity curves of Mosul 
reservoir before impounding by “3D-analyst” tools (Fig. 9). These were compared with existing 
operational curves already proposed by IVO. In doing so it was found that the percentage 
difference was 4.0% for stage-storage capacity curve and 7.7% for the stage-water surface area 
curve. This difference is due to the fact that the operation curves proposed by IVO for the dam 
was constructed using topographic maps older than 1968 while the maps used in this work were 
constructed in 1983. 

Figure 9: Area-Capacity curves for Mosul reservoir. 

4. BATHYMETRIC SURVEY OF MOSUL DAM RESERVOIR  

This section presents the methodology and data processing methods that were used in the 
bathymetric survey for Mosul reservoir that was conducted in May 2011 to develop new area-
storage capacity curves and determine the sediment distribution within the reservoir using echo 
sounder sonar viewer and Arc/GIS software as follows.

4.1 Field work 

The bathymetric survey of the Mosul reservoir was conducted in May 2011 using an echo sounder 
with accessories, a Jet Ski boat, (12v DC) echo sounding power unit and a variety of auxiliary 
equipment. The data were collected using “200-kHz single-beam echo sounder viewer type Sea 
Charter 480DF” linked to a “Real-Time Kinematic Global Positioning System (RTK-GPS)” to 
define the absolute x, y, z coordinates of the reservoir bottom during the traverses. The 
bathymetric survey system software records the x,y,z coordinates data in sonar chart (a slg file 
format)  (Eagle Electronics, 2003). 

The Mosul reservoir bathymetric survey was conducted over 12 days starting on May 15th and 
ending on June 3rd, 2011. The survey was conducted according to U.S. Army Corps of Engineers 
standards for distances between transverse sections, boat types and calibration methods (USACE, 
2004). Installation and calibration of the echo sounder was performed before the bathymetric 
survey. The calibration was performed by a marked rod over the side of the boat in calm water 
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according to the methods described in Eagle Electronics (2003) and Ferrari and Collins (2006).
The error values of water depth measurements were ±4 cm depending on the water depth within 
the reservoir. The water temperature during the survey was taken by sea chart echo sounding. The 
temperature range was 28-30 °C during the whole survey period. Since the temperature was 
almost constant, the effect of temperature was neglected. Transducer face depth (draft) during the 
survey was 0.35 m below the water surface. The draft depth was used to correct the water depth 
that was recorded by echo sounder. The bathymetric survey was performed in calm water to avoid 
the errors in water depth measurement due to waves. The water surface elevations during the 
survey were recorded at the hydropower generation station at the dam site and the pumping station 
of north Al-Jazeera irrigation project at the upper zone of Mosul reservoir (Fig. 1). The recorded 
readings were between 319.75 to 319.96 m.a.s.l.  These elevations were used to convert the 
acoustic depth measurements to reservoir bottom elevations during data processing. Figure 10 
shows the details of the transect lines during the bathymetric survey.  

Figure 10: Mosul reservoir bathymetric survey data points. 

4.2  Data processing

The echo sounding survey system produces data files in (*slg) format containing water depth data 
and boat position data in a UTM system.  Each (*slg) file was converted to x,y,z coordinates
(*csv) excel file format by sonar viewer program 2.1.2 (Lowrance, 2012). The water depth values 
in (*csv) was adjusted with respect to transducer depth (draft = 0.35 m). To set the depth relative 
to the reservoir bed elevation another column was added to that file (bed-elevation). The value of 
bed-elevation = water surface elevation – adjusted depth. It should be mentioned however that the 
survey was conducted during calm period where the wave’s heights were less than 10 cm. For this 
reason the effect of waves were neglected. The water surface elevation for each survey date was 
used for each data set collected on that date. A water surface boundary of reservoir was manually 
digitized from satellite image and saved in (*csv) to determine the boundary of the reservoir. The 
(*csv) excel files and polygon Shapefile were used to develop the TIN of the 2011 survey using 
the same previous method that used in section 3 (Fig. 11).  
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Figure 11: Mosul reservoir (TIN) surface model generated from bathymetric survey 2011 by using 
Arc/map. 

5. RESULTS AND DISCUSSION 

To ensure prudent operation of Mosul dam new operational curves were established based on the 
survey conducted in 2011. The TIN for survey 2011 (Fig. 11) and operational curves (Fig. 9) were 
used to update the area-storage capacity curves for Mosul reservoir using the “3D-analyst” 
command (Fig. 12). The new operation curves of the Mosul dam reservoir (based on the 2011 
survey) was compared with that proposed by IVO.  It is evident that there is a shift between the 
curves. This is due to the change in the storage capacity and water surface area of the reservoir due 
to sediment deposition during the operational period of the dam. 

Figure 12: New Area-Capacity curves for Mosul reservoir. 

The storage capacity of Mosul reservoir at pool elevation 320 m.a.s.l was 7.749×109 m3 and 
6.606×109 m3 for the original operation curve and 2011 survey respectively. The difference in 
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storage capacities was 1.143×109 m3. This represents the total storage loss due to sediment 
deposition through the operational period which represents 14.73% of total storage. This implies 
that the annual sedimentation rate is 0.59%. This rate is less than the average worldwide 1% that 
was proposed by Mahmood (1987) and of the Middle East 1.02% (Basson, 2008).  In view of the 
above, the annual sedimentation rate for Mosul reservoir during 1986-2011 is 45.72×106 m3.yr-1.
This suggests that the reservoir will be filled completely within 169 yr. Furthermore, using figure 
12 the live storage capacity of the reservoir was 4.797×109 m3 in 1986 and 4.234×109 m3 in 2011. 
The results showed the sediment deposited within the live storage was 0.5657×109 m3 which 
represents 49.5% of total sediment deposited within the reservoir. This implies that the live 
storage capacity was reduced by 11.8% for the period 1986 - 2011.

To show the sediment distribution within the reservoir area, the reservoir was divided by Arc/map 
program into three zones; upper, middle and lower. (Fig.13). These divisions were based on the 
shape of the reservoir. There are two bends within the general shape of the reservoir. These bends 
were used to designate the borders between these zones. 

Figure 13: Zones of the Mosul reservoir polygon at elevation 320m.a.s.l. 

The volume and percent of accumulated sediment in these zones were computed by “3D-analyst” 
tools (Table 1). 

Location Storage Capacity 
(m3)×10-9 at (1983) 

Storage Capacity 
(m3)×10-9 at (2011) 

Accumulated  sediment 
(m3)×10-9

%  Storage 
reduction 

Upper zone 1.538 0.938 0.600 39 

Middle zone 2.85 2.55 0.300 10.5 

Lower zone 3.361 3.12 0.241 7.17 

Total 7.749 6.606 1.143 14.73 

Table 1: Storage capacity of all zones for Mosul reservoir dam at level (320m.a.s.l) for two 
surveys
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Table 1 shows that the overall reduction of the capacity of the reservoir was 14.73% between the 
two surveys. The upper zone of the reservoir showed the highest reduction in storage capacity 
(39%) compared to the middle (10.5%) and lower (7.17%) zones. This is due to the fact the River 
Tigris enters the reservoir from the north (Fig. 14). This sequence is very logical in reservoirs (Fan 
and Morris, 1992).

It is assumed that the overall capacity of the reservoir that had been evaluated from 1983 
topographic maps gave exactly the same value as the designed operation curve of the dam when 
the water level is 320 m.a.s.l. (Fig. 9). It should be mentioned however at lower levels there was 
slight deviation of not more than 4%. For the 2011 survey, the readings of the echo sounder 
showed very small deviation from actual depth values (±4 cm) and the water temperature was 
more or less the same during the survey. In addition, the field survey was conducted during very 
stable weather conditions where the height of the waves was less than 10 cm due to calm wind.  

Figure 14: 3-Dimensional profiles of Mosul reservoir at elevation 320m.a.s.l 

The results imply that the average rate of sediment yield in the catchment area upstream the dam is 
780 t.km-2.yr-1. This rate is lower than the average global rates given by Walling and Webb (1996) 
and Walling (2009). It is believed that the construction of dams in the upper parts of the River 
Tigris will trap some of the bed and suspended loads. As a consequence the life span of the dam 
will be increased.  

6.  CONCLUSIONS 

Two TINs maps were constructed for Mosul dam reservoir using Arc/GIS 9.3 software. The first 
represents the year 1983 (before the impounding of the reservoir) based on the topographic map 
(printed in 1983) and the second for the year 2011 based on the bathymetric survey conducted in 
2011 (after 25 years of operation). The 1983 map was used to evaluate the adopted operational 
curves. The results, when comparing the adopted designed operation curves with that obtained 
from the 1983 topographic map, showed that the maximum percentage difference was 4.0% for 
stage-storage capacity curve and 7.7% for the stage-water surface area curve.   

Survey 1983

Survey 2011

320m.a.s.l

251m.a.s.l

Elevation

Boundary between
Depositional area
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New operation curves were established from 2011 survey. The results showed that the reduction in 
the storage capacity of the reservoir was 14.73% (1.143×109 m3). This indicates that the annual 
rate of sedimentation within the reservoir was 0.59% (45.72 ×106 m3.yr-1) which is less than the 
worldwide and Middle East depositional rates. This implies that the estimated operational age of 
the dam is about 169 yr. This age will be increased once the all the dams of the GAP project are 
constructed. The results showed that the sediment deposited within the live storage part of the 
reservoir was 0.5657×109 m3. This amount represents 49.5% of total sediment delivered from the 
catchment area to the reservoir. This implies that the reduction in live storage capacity was 11.8%.   
Most of the sediment was deposited within the upper zone of the reservoir (0.6×109 m3) where the 
River Tigris enters the reservoir and it decreases towards the dam site.  
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