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ABSTRACT 

The critical role of the rivers in supplying water for various needs of life has led to engineering 

identification of the hydraulic regime and flow condition of the rivers. Hydraulic structures such dams 

have inevitable effects on their downstream that should be well investigated. The reservoir dams are the 

most important hydraulic structures which are the cause of great changes in river flow conditions. In this 

research, an accurate assessment was performed to study the flow regime of Karkheh river at downstream 

of Karkheh Reservoir Dam as the largest dam in Middle East. Therefore, the efficient model of HEC-RAS 

has been utilized to simulate the Karkheh flow conditions before and after the reservoir dam construction 

using of hydrometric stations data included annually and monthly mean discharges, instantaneous 

maximum discharges, water surface profiles and etc. The results indicate that the river flow was 

considerably declined because the regulatory effect of the reservoir dam which has contributed to the 

great alternations at hydraulic parameters of the river. For example, the mean annual discharge of the 

Karkheh River shows 44% reduction during the time period of simulating (after the dam construction in 

comparison with the natural river flow before construction of reservoir dam) in PayePol hydrometric 

station. Our survey would be helpful for environmental, geological and ecological experiments on effects 

of dam construction and for engineering next hydraulic structures on such rivers.  
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INTRODUCTION 

As the rivers are the most important sources of water supply for various life consumptions in the world 

therefore study on conditions of rivers is important for water resources engineering and planning, 

construction of hydraulic structures and supplying water. Understanding of the river flow regime would 

be an appropriate criterion for better evaluating of river behavior. Construction of huge hydraulic 

structures of dams have provided valuable services such as irrigation capabilities, hydroelectric power, 

improved navigation, flood protection and expanded recreation opportunities (Graf, 2006). Although, 

dams convert the natural flow of rivers to the regulatory regime so cause changes in the all hydraulic 

parameters of the river in downstream. The Karkheh River has importance in supplying water for 

Khouzestan province which is one of the biggest and strategic province in Iran. Studying of the hydraulic 

conditions of the river before and after the construction of reservoir dams is an important issue at river 

catchments. For example, Choi et al., (2005) have evaluated the effects of the HapChon Dam on changes 

of the river flow regime in Wang River in South Korea; they found that the construction of the HapChon 

Dam has caused significant changes in the hydraulic regime of the river flow at downstream. Magilligan 

and Nislow (2005) have studied hydrological regime alternations caused by the construction of dams on 

the rivers in United States of America that monthly and annual flow hydrograph variations were the 

impacts of dam construction. Then, Graf (2006) has investigated the hydrological effects of large dams on 

the rivers in United States of America, he has compared the natural and regulatory flows and determined 

the reduction of 67-90% at flow rate after the dam construction. Moreover, Yan et al., (2010) have 

surveyed the effect of constructing the dam on the flow regime of the Yellow River downstream, they 

have also reported sever reduction of river flow. Later studies by Stuefer et al., (2011) on regulatory flow 
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effects caused by the construction of a dam on the Yersinia River in Russia has represented decreasing in 

annual mean discharge of the river as the effects of dam construction.  

 

MATERIALS AND METHODS 

Karkheh Catchment 

The Karkheh River Catchment is one of the second-order Catchments of the Persian Gulf and one of the 

six first-order or major Catchments of Iran located in south west of the country (Jamab, 1999). The 

Karkheh River Catchment has a wide range of climates due to the high Zagros Mountains in the upper 

part, with cold and relatively wet zones, and the Khouzestan lowland plain on the lower part with a hot 

and arid–semi-arid climate at the outlet (Porhemmat et al., 2012). Sub-basins of Karkheh Catchment are 

Gamasiab, Ghare Sou, Seimareh, Kashkan, and down Karkheh. Figure 1 shows the location of Karkheh 

Catchment and the studied river reach in the Iran country. Figure 1 shows the location of Karkheh 

Catchment and the studied river reach in the Iran country. 

 

 
Figure 1: Location of Iran, Karkheh Catchment and studied river reach 

 

Karkheh Reservoir Dam 

The Karkheh Dam is a large reservoir dam built in Iran on the Karkheh River in 2000. The Karkheh 

Reservoir Dam is on the Karkheh River in the Northwestern Khouzestan Province, the closest city being 

Andimeshk to the east. Figure 2 shows the Reservoir of Karkheh Dam. Figure 2 shows the Reservoir of 

Karkheh Dam. 

 

 
Figure 2: Reservoir of Karkheh Dam 

http://en.wikipedia.org/wiki/Iran
http://en.wikipedia.org/wiki/Karkheh_River
http://en.wikipedia.org/wiki/Karkheh_River
http://en.wikipedia.org/wiki/Andimeshk
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The characteristics of this huge dam are given in the table 1. 

 

Table 1: Characteristics of Karkheh Reservoir Dam 

Dam 

Type 
Utilization 

Length of 

Crest (m) 

Height of the 

Dam 

Foundation 

(m) 

Total Volume 

of the 

Reservoir 

(bcm) 

Spillway 

Capacity 

(m3 /s) 

Type of 

Spillway 

Soil (Clay) 1999-2000 3030 127 5.3 18260 

Ogee 

Spillway 

 

This dam was built with the following three objectives: 

1. Controlling the peak discharges of Karkheh River, 

2. Supplying the required water for agriculture in Khouzestan province with an area of 340 thousand 

hectares,  

3. Hydroelectric power energy supply to the 934 gigawatt-hours per year. 

Karkheh River 

Karkheh River is the third waterful river of Iran after Karun and Dez and the third longest river after the 

Karun and Sefidrud. The Karkheh River is located in southwest Iran with elongated tributaries to the 

central part of the country. It originates from high mountains in the north west of Iran and terminates at 

Hour-Al-Azim on the Iran–Iraq border with south. It is completely situated in Iran, with only the outlet at 

the political borders. The main tributaries of the Karkheh River in the upper Karkheh River Catchment 

are the Gamasiab, Ghare Sou, and Kashkan Rivers. 

Karkheh River is 1088 km and its average width varies between 150 to 200 meters. The famous French 

orientalist Jean Demorgan who has conducted interesting researches about the geography and attractive 

sites of Iran has wrote about Karkheh River in his book. 

Studied River Reach of Karkheh 

The part of Karkheh River, which was studied in this research is located at downstream of Karkheh 

Reservoir Dam. This interval is approximately 94 km, which is located between PayePol and Abdolkhan 

hydrometric stations. PayePol hydrometric station was built in 1955 and it is located 13 km downstream 

of the Karkheh Reservoir Dam. This station is 108 meters above the sea level. PayePol hydrometric 

station is equipped with Stage, Limnigraphs and Cable-Way. Figure 3 shows a view of Karkheh River 

near the PayePol station. 

 

 
Figure 3: Karkheh River near the PayePol hydrometric station 

 

Abdolkhan hydrometric station is located near the Abdolkhan village at downstream of river reach of 

study, which was built in 1965. This station is 38.5 meters above the sea level and equipped with Stage, 

Limnigraphs and Cable-Way. 
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Figure 4: Karkheh River near the Abdolkhan hydrometric station 

 

In this study, 24-year period is considered for simulation included 12 years before construction of the dam 

from 1985 to 1997 and 12 years after the construction of the dam from 2001 to 2013. 

HEC-RAS Model 

This model is a mathematical simulator that can be used to perform hydraulic calculations of rivers and 

channels. This model was developed by America's Army engineers. Currently, this model has the 

capability to simulate variable flow, steady flow, water quality control and sediment transport. The 

equations governing the steady flow in HEC-RAS model include:  

- Energy equation for calculating water surface profiles: 

       (1)  

Where: Z1,Z2 = elevation of the main channel inverts 

Y1,Y2 = depth of water at cross sections 

V1,V2 = average velocities 

α1,α2 = velocity weighting coefficients 

g = gravitational acceleration 

he = energy head loss 

An image showing the terms of the energy equation is shown in Figure 5.  

 

 
Figure 5: Display the component of energy equation 
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- Momentum Equation: 

         (2) 

Where: P = Hydrologic pressure force at location 1 and 2. 

Wx = Force due to the weight of water in the X direction. 

Ff = Force due to external friction losses from 2 and 1.  

Q = Discharge 

ρ = Density of water 

ΔVx = Change on velocity from 2 to 1, in the X direction.  

The stages of simulating flow in HEC-RAS model can be summarized as follows: 

1. Import geometric data of the river, 

2. Import flow data and boundary conditions of the river, 

3. Performing hydraulic calculations, 

4. Analysis of results. 

In this research, 138 cross sections were used along Karkheh River. Distance of cross sections from each 

other was 680m in average. Cross section numbering was done based on the original map from No. 228 

(cross section of PayePol hydrometric station) to No. 91 (cross section of Abdolkhan hydrometric 

station). Figure 6 shows cross sections of the Karkheh River in HEC-RAS model.  

 

 
Figure 6: Cross sections of Karkheh River in HEC-RAS model 

 

Estimation of Manning Roughness Coefficient 

The Manning roughness coefficient is the resistance factor against river flow. The river bed is formed by 

moving bed materials which have effect on amount of river roughness. In such rivers and channels, 

resistance factor is related to the particles size and bed material form. Also, in addition to these two 

factors, other factors such as meander of rivers, vegetation, changes in the cross sections of the river and 

so on are effective. In other words, Manning coefficient (n) of roughness represents the friction that has 

been applied to the flow by the river and channel. The procedure for selecting values of Manning 

roughness coefficient is subjective and requires judgment and skill which are developed primarily through 

experience (Bahramifar et al., 2013).  

In this study, first the initial values were estimated for Manning roughness coefficient according to the 

empirical formulas (Table 2). In this section, sediment gradation curves of river bed have been used. 

Sediment gradation curves of the Karkheh River bed at upstream and downstream of study site are shown 

in figure 7. 
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Figure 7: Sediment gradation curves of Karkheh River bed at PayePol station (A) and Abdolkhan 

station (B) 

 

Table 2: Manning roughness coefficient estimated by various empirical formulas 

Name of Method Formula Manning  

Strickler 1923 (D50
1/6)/21.1 0.024 

Muller 1948 (D90
1/6)/26 0.039 

Keulegan1 1938 (D50
1/6)/46.9 0.017 

Keulegan2 1949 (D90
1/6)/49 0.014 

Keulegan3 1949 (D65
1/6)/29.3 0.021 

Lane & Carlson 1953 (D75
1/6)/39 0.026 

 

Then, various amounts of Manning roughness coefficient based on allowed domain and past researches 

have been applied in the model to obtain the best values for it. By using the computed and observed water 

level values of Abdolkhan hydrometric station at downstream of Karkheh River, Manning roughness 

coefficient values for the main channel of the Karkheh River was considered 0.0252 and for floodplains 

was defined to be 0.044 (Azarang et al., 2014). 

Defining of Discharge Value 

Values of discharges during simulation period from PayePol hydrometric station (upstream of river reach) 

had been used in order to compare the flow regime conditions before and after the construction of 

Karkheh Dam. Some discharges values were considered as defined discharges based on statistical 

analysis. These values represent river flow condition of the Karkheh River before and after construction 

of the reservoir dam. The values of the defined discharges are given in the table 3 and 4. 

 

Table 3: Defined discharges of PayePol Station on Karkheh River before reservoir dam 

construction 

Defined Discharge (m3/s) 

Minimum Mode Median Mean 
Mean + Standard 

Deviation 
Maximum 

16 70 117 220 492 4440 

 

Table 4: Defined discharges of PayePol Station on Karkheh River after reservoir dam construction 

Defined Discharge (m3/s) 

Minimum Mean - Standard 

Deviation 

Median Mean Mode Mean + 

Standard 

Deviation 

Maximum 

5 18 74 94 101 170 553 
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In this section of research, three defined discharges had been chosen to simulate the Karkheh River flow; 

maximum defined discharge, mean defined discharge and minimum defined discharge. For each of these 

discharges values, HEC-RAS model was implemented as a steady flow of the Karkheh River at river 

reach of study. Water surface profiles of flow, hydraulic parameters and other results of flow regime in 

HEC-RAS model were obtained for the conditions before and after the construction of the Karkheh 

Reservoir Dam and then it was reviewed and analyzed. 

 

RESULTS AND DISCUSSION 

Mean Values of Monthly and Annual Discharges 

By exploiting the Karkheh Reservoir Dam, the river flow was changed from the natural condition to the 

regulatory situation. The amounts of the mean monthly discharges, mean annual discharges and 

instantaneous maximum discharges have been obviously reduced at the PayePol hydrometric station due 

to Karkheh Reservoir Dam construction (Figure 8, 9 and 10). 

 

 
Figure 8: Mean monthly discharge of PayePol Station before and after Karkheh Dam construction 

 

Based on figure 8, it can be exhibited that by constructing Karkheh Reservoir Dam in three seasons of 

autumn, winter and spring, the mean monthly discharges of the Karkheh River show significant decrease 

in hydrometric station of PayePol, but the mean monthly discharges has been increased in summer; this 

shows the main purposes of construction of the Karkheh Reservoir Dam in which by opening the gates at 

summer the river discharge will be increased to supply needed water at the downstream of the dam.  

 

 
Figure 9: Mean annual discharge of PayePol Station before and after Karkheh Dam construction 

 

According to the figure 9 and comparing the mean annual discharges before and after Karkheh Reservoir 

Dam construction, it can be observed that mean annual in the 12-year period of simulation before 

construction of the dam was 213 cubic meters per second and for the 12-year period of the simulation 
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after construction of the dam was 93 meters per second which shows 120 cubic meters per second 

reduction. In other words, the mean annual of Karkheh River discharge show 44% reduction during 

simulation period in the PayePol hydrometric station. 

 

 
Figure 10: Instantaneous maximum discharge of PayePol Station before and after Karkheh Dam 

construction 

 

As noted above, Karkheh River is the third largest river in Iran that had devastating and severe floods 

before construction of the Karkheh Reservoir Dam. For example, the Karkheh River flood of 1994 was 

one of the largest Floods has been reported in Iran. According to the figure 10, the instantaneous 

maximum discharge rate of the Karkheh River at PayePol hydrometric station has an intense reduction 

due to the Karkheh Reservoir Dam.  

Water Level Profiles 

Estimation of the river water level for different defined discharges is one of the most important outputs of 

the HEC-RAS model in section of flow simulation. Knowing of the water level profiles of the river at 

different regions is very important in order to designing hydraulic structures, flood zoning, water supply 

needed for agriculture. Due to construction of the Karkheh Reservoir Dam in 2000 and perceptible 

changes of Karkheh River flow, prediction of water level changes is important in different parts of the 

river. In this research, water levels in the various ranges obtained for maximum, mean and minimum 

defined discharges before and after the dam construction. In all figures of this article, the blue variable 

indicates conditions before construction of the reservoir dam and the red variable indicates post-dam 

situation. Figure 11,12 and 13 show water level profiles of Karkheh River. 

 

 
Figure 11: Water level profiles of Karkheh River for minimum defined discharge, after (A) and 

before (B) Karkheh Dam construction 



Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231– 6345 (Online) 

An Open Access, Online International Journal Available at www.cibtech.org/sp.ed/jls/2015/03/jls.htm 

2015 Vol. 5 (S3), pp. 1970-1984/Azarang et al. 

Research Article 

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)  1978 

 

 
Figure 12: Water level profile of Karkheh River for mean defined discharge, after (A) and before 

(B) Karkheh Dam construction 

 

 
Figure 13: Water level profile of Karkheh River for maximum defined discharge, after (A) and 

before (B) Karkheh Dam construction 

 

As it obtains from water surface profiles, there is a significant difference for maximum, mean and 

minimum defined discharges. Refer to the 94km Karkheh river length in study site, the reduction in water 

level is the evidence of river post-dam conditions. Obviously, in case of minimum defined discharge, 

there is no remarkable difference between pre and post-dam water level due to the proximity of the 

discharge values. While, in case of mean and maximum defined discharges, this difference become 

significant in different cross sections; the water level of Karkheh River is significantly reduced after the 

dam construction.  

In the studied regions of Karkheh River, two cross sections of the PayePol station (upstream) and 

Abdolkhan (downstream) were selected and their water levels have evaluated for different defined 

discharges. The water level in the cross sections of PayePol hydrometric stations (cross section No. 228) 

and Abdolkhan hydrometric stations (cross section No. 91) were estimated for maximum, mean and 

minimum defined discharges before and after the dam construction which are showed in Figures 14-19. 

 

 
Figure 14: Water level of PayePol Cross Section for minimum defined discharge after (A) and 

Before (B) Karkheh Dam construction 
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Figure 15: Water level of Abdolkhan Cross Section for minimum defined discharge after (A) and 

before (B) Karkheh Dam construction 

 

 
Figure 16: Water level of PayePol Cross Section for mean defined discharge after (A) and before 

(B) Karkheh Dam construction 

 

 
Figure 17: Water level of Abdolkhan Cross Section for mean defined discharge after (A) and before 

(B) Karkheh Dam construction 
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Figure 18: Water level of PayePol Cross Section for maximum defined discharge after (A) and 

before (B) Karkheh Dam construction 

 

 
Figure 19: Water level of Abdolkhan Cross Section for maximum defined discharge after (A) and 

before (B) Karkheh Dam construction 

 

In case of minimum defined discharge, the plan of PayePol is braided due to the sharp decrease in the 

river flow. While, in maximum defined discharge condition of Karkheh River before the dam 

construction, the flooding made problems in PayePol and Abdolkhan reach, which by construction of the 

Karkheh Reservoir Dam the problem of floodplains and the surrounding lands have been resolved. 

Therefore, the notable difference of water levels for various discharges stands for Karkheh Reservoir 

Dam construction.  

Hydraulic Parameters of Karkheh River 

HEC-RAS model has different outputs in the hydraulic part of the flow. In this research, some parameters 

such as flow velocity, flow area, width of water surface, hydraulic depth, shear stress and hydraulic radius 

are considered as index parameters.  

These quantities were calculated for maximum, mean and minimum defined discharges of before and 

after the construction of the dam. The changing curves for parameters in each cross-section have drawn 

by HEC-RAS software through the simulation periods before and after dam construction. According to 

these curves, the effects of Reservoir Dam on Karkheh River flow can be well evaluated. There are two 

lines in each curve which show the average of parameter changes along the river, the thicker line is 

related to post-dam conditions (Figure 20-25). 
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Figure 20: Flow velocity of Karkheh River in all cross sections for minimum (A), mean (B) and 

maximum (C) defined discharges before and after Karkheh Dam construction 

 

Flow velocity is a very important parameter in the rivers that has a direct effect on the erosion and 

sedimentation pattern in the different cross sections of the rivers. Flow velocity of Karkheh River is 

influenced by discharge, slope of the river channel and geometry of cross section. As it shown in figure 

20, by increasing the river flow, the flow velocity has increased and there is a significant difference 

between pre and post-dam condition at the mean velocity of river flow in different sections.  

 

 
Figure 21: Flow area of Karkheh River in all cross sections for minimum (A), mean (B) and 

maximum (C) defined discharges before and after Karkheh Dam construction 

 

The flow area is directly influenced by river discharge (Figure 21) and there is a significant difference in 

the maximum defined discharge before and after dam construction. 

 

 
Figure 22: Width of water surface of Karkheh River in all cross sections for minimum (A), mean 

(B) and maximum (C) defined discharges before and after Karkheh Dam construction 

 

 
Figure 23: Hydraulic depth of Karkheh River in all cross sections for minimum (A), mean (B) and 

maximum (C) defined discharges before and after Karkheh Dam construction 
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The width of water surface is a parameter of the geometric situation of the river cross section that also 

shows the maximum width of the cross sections, passing discharge through the desired cross section. 

Also, the hydraulic depth of the river cross sections is influenced by width of water surface (Figure 22). 

Values of hydraulic depth in different cross sections of the Karkheh River were considerable for 

maximum, mean and minimum defined discharges for the situation before and after dam construction. 

 

 
Figure 24: Shear stress of Karkheh River in all cross sections for minimum (A), mean (B) and 

maximum (C) defined discharges before and after Karkheh Dam construction 

 

The flowing of water in the river channel bed produces a kind of pressure through the direction of water 

movement. This pressure is the water traction force in wetted perimeter and its amount per unit area is 

known as shear stress. Shear stress is influenced by specific gravity of water, hydraulic radius and the 

slope of river channel. This parameter is particularly important in sediment hydraulic discussions. Figure 

24 indicates the shear stress changes of the Karkheh River for maximum, mean and minimum defined 

discharges. 

 

 
Figure 25: Hydraulic radius of Karkheh River in all cross sections for minimum (A), mean (B) and 

maximum (C) defined discharges before and after Karkheh Dam construction 

 

The hydraulic radius is the most important parameters of the river and it is assumed as the flow depth in 

wide channels in which the proportion of bottom width to the flow depth is more than 10 in large rivers. 

Since Karkheh River has a relatively large water surface width, it has a high wetted perimeter. For this 

reason, the Karkheh river hydraulic radius is usually low. Figure 25 shows hydraulic radius changes of the 

Karkheh River at different sections for minimum, mean and maximum defined discharges for the pre and 

post dam situations. 

The calculated results of the hydraulic parameters are summarized in table 5; the mean values of all 

calculated hydraulic parameters by mathematical models for different cross sections of Karkheh River are 

shown. The effect of the reservoir dam construction can be monitored by reviewing the numbers and 

Statistics of this table; all the hydraulic parameters have been reduced in post dam condition as they 

dependent on river flow. 
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Table 5: Mean values of hydraulic parameters of Karkheh River in all cross sections for maximum, 

mean and minimum defined discharges before and after Karkheh Dam construction 

Parameter 

name 

Minimum Defined 

Discharge 

Mean Defined 

Discharge 

Maximum defined 

Discharge 

Before 

Dam 

After Dam Before Dam After Dam Before 

Dam 

After Dam 

Flow Velocity 

(m/s) 
0.81 0.59 1.49 1.19 3.22 1.81 

Flow Area  

(m2) 
33 18 176 93 2323 371 

Width of Water 

Surface (m) 
51 36 130 86 496 223 

Hydraulic 

Depth (m) 
0.65 0.44 1.54 1.14 6.73 2.19 

Shear Stress 

(N/m2) 
8.2 5.8 15.4 10.6 43.5 18.6 

Hydraulic 

Radius (m) 
0.78 0.52 1.82 1.31 5.82 2.38 

 

The change percentages of hydraulic parameters in the conditions before and after dam construction 

would be calculated along the river considering the parameter changes curves of Karkheh River (Table 6). 

 

Table 6: Percent changes of hydraulic parameters of Karkheh River for maximum, mean and 

minimum defined discharges 

Parameter name 

Reduction Percent parameter in terms of the conditions 

after dam construction to before dam (%) 

Minimum Defined 

Discharge 

Mean Defined 

Discharge 

Maximum Defined 

Discharge 

Flow Velocity 27 20 43 

Flow Area 45 47 84 

Width of Water Surface 29 33 55 

Hydraulic Depth 32 26 67 

Shear Stress 29 26 67 

Hydraulic Radius 33 28 59 

 

The values of change percentages in the table 6 are obtained based on the average rate of all cross 

sections in the studied river reach of Karkheh River. The reduction in hydraulic parameters in the 

downstream is for Karkheh Reservoir Dam construction. The extent of these changes is very intense in 

maximum defined discharges. 

Conclusion  

By exploiting of Karkheh Reservoir Dam in 2000, the river flow was changed from natural to the 

regulatory regime. This change has caused a lot of alternations in river downstream of the Karkheh Dam. 

In the section of evaluating Karkheh River flow of HEC-RAS model, the great changes were occurred in 

mean annual and monthly discharges and instantaneous maximum discharges in the PayePol hydrometric 

station of Karkheh River. For example, the mean annual discharge of the Karkheh River shows 44% 

reduction in the simulation period before and after the dam construction in the PayePol hydrometric 

station. The significant reduction of all these quantities is for reduction of flow rate by construction of 

Karkheh Reservoir Dam. Studying the water surface profiles represents reduction of water level in the 

longitudinal profile of Karkheh River and water level of hydrometric stations by construction of the 

Karkheh Reservoir Dam. Also, due to the reduction of the discharge in the downstream of Karkheh Dam, 
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all hydraulic parameters of the river such as flow velocity, flow area, width of surface water, hydraulic 

depth, shear stress and the hydraulic radius have been changed. In general, it can be concluded that the 

construction of a large dam such as Karkheh Reservoir Dam has a significant effects on the flow regime 

conditions at river downstream. 
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