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Abstract 
There have been many dam removals around the world in recent decades due to safety issues, 

reservoir volume loss, and other factors. Sediments are deposited in dam reservoirs after years of 

operation, and sediment transfer downstream following dam removal requires further 

investigation. The aim of this research is to analyze and predict the effects of removing the dam 

on sediment transport, especially fine sediment transport on steep slopes. A case study of the 

Zonouz Dam in East Azerbaijan Province is used to demonstrate this. Sediment transport is 

predicted using a one-dimensional numerical model called DREAM1. Three sediment transport 

equations were considered for this grain size and slope to choose the most appropriate one. 

These equations include Brownlie, Smart and Rickenmann. Next, their results were collected for 

350 laboratory experiments with conditions similar to modeling and the results were compared 

with each other. The calculations revealed a lower error in the Brownlie equation results. 

Sediment transport following the removal of the Zonouz Dam was modeled numerically for wet, 

dry, average, and recorded discharges. Based on the modeling results, erosion rates were high in 

the early years but decreased over time. Moreover, the dispersion mechanism is dominant over 

translation in the evolution of the pulse, resulting in sediments being transported downstream up 

to 11 kilometers. According to the results, approximately 82% of the sediments will be eroded 

after seven years under the hydrological conditions present at the Zonouz Dam. 
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1. Introduction 

There are many reasons why dams are required, but they may also need to be removed for 

various reasons. As a result of dams, ecosystem processes such as water evaporation, aquatic 

animal migrations, and sediment transport are negatively affected. In addition to old dam 

structures and security concerns, many other factors contribute to dam removal. Another primary 

motivation for removing the dam is river restoration, which is the attempt to revive the river's 

physical and environmental characteristics. Removing the dam can improve ecological 

conditions, but it is essential to understand the changes in riverbeds after dam removal. 

Dam removal exposes sediments deposited in reservoirs to erosion and transportation 

downstream. The grain size of sediment deposition affects the river's physical response. Sand is 

rapidly eroded from the reservoir and transported downstream, while silt and cohesive clay are 

eroded more slowly [1]. Since dams accumulate large amounts of sediment in their reservoirs 

over time, it is important to investigate how they are transported downstream. 

Several models, software [2-5], and physical models [6-9] have been used to model 

downstream sediment transport after dam removal, including the Dam Removal Express 

Assessment Model (DREAM). DREAM includes three sub-models: hydrodynamic, sediment 

transport and morphology. This model uses quasi-normal and gradually-varied flow equations 

(GVF) to calculate water flow. Two sediment transport rate equations are applied in the sediment 

transport sub-model, depending on sediment grain size. If the sediments are coarse-grained 

(gravel and coarser than gravel), Parker's sediment transport equations (DREAM2) are applied. 

If fine-grained sediments are non-sticky, Brownlie's sediment transport rate equation 

(DREAM1) is employed. Also, Exner's equation models morphological changes [10]. 

Several studies have investigated sediment transport modeling after dam removal. Conlon 

[11] investigated Sohgan River bed elevation changes for four years after Merrimack Village 

Dam removal using DREAM1. To evaluate the model's accuracy, the numerical modeling results 

were compared with the field measurements. DREAM1 estimated the channel bed elevation with 

an accuracy of one meter and an average difference of ±0.35 meters in comparison to the 

average bed height in each section. Cui et al. [12] modeled sediment transport after Simkins 

Dam removal using DREAM1. The results obtained from modeling were compared with the 

measured values. Excellent agreement was found between the results and the measured values, 

although slight differences were still observed in some specific parts. To further improve the 

results, more accurate geometry was used. In a study, Stillwater Science [13] investigated the 

changes in the Patapsco River bed elevation after removing the Blood Dam using the DREAM1 

equation. The model was developed by considering three geometric characteristics and three 

hydrological conditions: dry, average and wet. In the case of average and wet hydrological 

conditions, 26 weeks and 4 weeks were estimated for the river bed to return to its elevation 

before dam construction. Stillwater Science [10] modeled sediment transport following Marmot 

Dam removal using DREAM2. The changes in the slope of the reservoir area were fast in the 

early days and slowed down over time. Over four years, the majority of the sediments in the 

reservoir were eroded. 

This study will analyze the Zonouz Dam as a case study and predict and model one-

dimensional changes in the downstream river bed following dam removal. 
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2. Material and methods 

2.1. The governing equation of DREAM  
The governing equations of DREAM are used in sediment transport modeling of dam 

removal. This model includes three sub-models: hydrodynamic, sediment transport and 

morphology. The details are presented below.  

 

2.2. The governing equation for the flow 
As a result of steep slopes and sudden changes in upstream and downstream slopes, and due 

to subcritical and supercritical flows, the dam removal model should be able to model 

transitional flows. 

In DREAM, the equation governing the GVF and the quasi-normal assumption are used to 

model water flow. In other words, based on the Froude number, it is decided which equation to 

be used. If the Froude number is low and the flow is subcritical, the governing equation for the 

GVF is applied. For high Froude numbers and supercritical flows, the quasi-normal assumption 

is employed. This method was evaluated by Cui and Parker [10] and showed good accuracy. 

This method is employed to model transitional flows. The GVF equation is only used if the flow 

is always subcritical or supercritical. 

 

(1) 

 

𝑑ℎ

𝑑𝑥
=

𝑆0 − 𝑆𝑓

1 − 𝐹𝑟2
                      𝐹𝑟 < 𝐹𝑐 

 

 

𝑆0 = 𝑆𝑓                                  𝐹𝑟 ≥ 𝐹𝑐   

 

h is the water depth, x is the distance from the downstream, S0 is the bed slope, Sf is the 

friction slope, Fr is the Froude number and Fc is the critical Froude number. The critical Froude 

number that is smaller than and close to unity (0.75 ≤ Fc ≤ 0.95) [14]. 
 

2.3. The governing equation for sediment transport 
For modeling fine and coarse sediments simultaneously, there was no effective sediment 

transport equation developed until recently. It was difficult to model the transport of these 

sediments because of this issue. Rather than a sediment transport equation that models both fine 

and coarse sediments simultaneously, an alternative method that models fine and coarse 

sediments separately can be used. [10]. 

Given the following assumptions, this approach is believed to be the most appropriate choice: 

1) In high-flow, coarse-grained sediments are generally transported as bed loads, while 

fine-grained sediments are generally transported as suspended loads. 

2) During intermediate-flow, fine-grained sediments are transported more than coarse-

grained sediments. 

Although separating the equations for coarse and fine sediments is not the most accurate 

solution, it provides an acceptable approximation [15]. 

Stillwater Science [15] developed a one-dimensional numerical model to predict fine and 

coarse sediment transport rates after dam removal. It evaluates and compares sediment transport 

modeling under various river conditions. Various parameters, including sediment grain size, 

determine the type of sediment transport rate equation to be employed. The sediment transport 
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equation in DREAM can be calculated using two different methods based on sediment size. If 

the sediments are fine-grained (non-cohesive sand and silt), DREAM1 is applied, and if the 

sediment in the top layer of the reservoir is mainly coarse-grained (gravel), DREAM2 is utilized. 

To calculate sediment transport rates, these two models use different equations. In DREAM1, 

Brownlie's sediment transport rate is employed while for DREAM2, Parker's sediment transport 

equation is employed [15]. 

In this study, DREAM1 is used due to the type of sediment in the case study. As this study 

area has steep slopes, Smart and Rickenmann's sediment transport equations for steep slopes 

were also evaluated. This was done to ensure the proper performance of Brownlie's sediment 

transport equation. 

 

2.3.1. Brownlie’s equation 
Brownlie [16] developed the sand transport rate equation in 1981. For rivers with sandy beds, 

this equation is extended. First, a series of parameters related to sediment grain size are 

considered to calculate the sediment transport rate. 

 
(2) 

 

𝐷𝑔 = (𝐷16 𝐷84)0.5     

(3)  

 

𝜎𝑔 = (𝐷84/ 𝐷16)0.5 

 

Dg is geometric mean grain size of sand, σg is sand geometric standard deviation. Then the 

sediment transport rate is calculated as follows: 
 

(4) 

 
𝑄𝑠 = 7155 × 10−6  × 𝑐𝑓 × (𝐹𝑔 − 𝐹𝑔𝑜)

1.978
× 𝑄𝑤 ×

𝛾𝑤

𝛾𝑠

 × 𝑆0.6601 × (
ℎ

𝑑50

)
−0.3301

 

(5)  
𝐹𝑔 =

𝑄𝑤

𝐵ℎ√𝑅𝑑50𝑔
       

Where, Cf = 1 for laboratory data, Cf = 1.268 for field data, Fg denotes the particle Froude 

number, Fgo is the critical grain Froude number, Qw is river discharge, S is the bed slope, h is the 

water depth, d50 is the median grain size, B is the channel width, and R is the submerged specific 

gravity of sediment grains. 

 

(6) 

 

𝐹𝑔𝑜 = 4.596𝜏∗𝑜
0.5293𝑆−0.1405𝜎𝑔

−0.1606
 

(7) 

 

𝜏∗𝑜 = 0.22𝑌 + 0.06𝑒−7.73𝑌 

(8) 

 
𝑌 =  (√𝑅𝑅𝑔)

−0.6
 

(9) 𝑅𝑔 =  
√𝑔𝐷𝑔

3

𝜈
 

Rg is the Grain Reynolds Number and 𝜈 is the kinematics viscosity [16]. 
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2.3.2. Smart’s equation 
Smart [17] developed the sediment transport rate in a steep channel in 1984. The sediment 

transport rate is calculated as follows: 

 

(10) 

 
𝜑 = 4 × [(

𝑑90

𝑑30

)
0.2

𝑆0.6 𝐶 𝜃0.5 (𝜃 − 𝜃𝑐𝑟)] 

(11) 
𝜑 =

𝑞𝑠

(𝑠 − 1)𝑔𝑑𝑚
3

       

𝜑 is dimensionless sediment transport, d90 , d30 is the grain diameter for which 90% and 30% 

weight of a nonuniform sample is finer respectively, S is channel slope, C is flow resistance 

factor (= V/(√𝑔. 𝐻. 𝑆)), 𝜃 is dimensionless shear stress (Shield's parameter), 𝜃𝑐𝑟 = critical Shield's 

parameter (slope adjusted), 𝑞𝑠 is volumetric sediment discharge per unit channel width, s is ratio 

of sediment density to water density, and dm is mean grain diameter [17]. 
 

2.3.3. Rickenmann’s equation 
Rickenmann [18] developed the sediment transport rate in a steep channel in 1991. The 

sediment transport rate is calculated as follows: 

 

(12) 

 
𝜑 =

3.1

(𝑠 − 1)0.5
× (

𝑑90

𝑑30

)
0.2

 𝜃0.5 (𝜃 − 𝜃𝑐𝑟) 𝐹1.1 

(13) 
𝜑 =

𝑞𝑠

(𝑠 − 1)𝑔𝑑𝑚
3

       

Where 𝜑 is dimensionless sediment transport, d90, d30 is the grain diameter for which 90% 

and 30% weight of a nonuniform sample is finer respectively, 𝜃 is dimensionless shear stress, 𝜃𝑐𝑟 

= critical Shield's parameter, F = 𝑉/ √(𝑔. ℎ) is the Froude number, 𝑞𝑠 is volumetric sediment 

discharge per unit channel width, s is ratio of sediment density to water density, and dm is mean 

grain diameter [18]. 
 

2.4. The governing equation for the morphological changes 
Exner [19] developed the Exner equation between 1920 and 1925. This equation expresses 

the conservation of sediment mass in flow systems such as rivers. The Exner equation describes 

the mass balance between bed sediments and sediments that are being transported [19]. 

The Exner equations for sand continuity take the following forms: 
 

 

(14) 

 
𝐵

𝜕𝜂

𝜕𝑡
+

1

(1 − 𝜆𝑠)

𝜕𝑄𝑠

𝜕𝑥
= 0 

η is the deposition thickness, λs is the porosity of the sand deposit and Qs is the volumetric 

transport rate of sand. 

DREAM flowchart is shown in Figure 1. 
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Figure 1. Flowchart of DREAM 

 

3. Case study 
Zonouz Dam is located in East Azarbaijan province, 4 kilometers east of Zonouz City and 30 

kilometers northeast of Marand City. It is located on the Zonouzchay River. In addition to 

managing and controlling the Zonouzchay River, the dam provides water to Zonouz City and a 

portion of the agricultural lands. The dam is of impervious central clay core rockfill type. The 

dam has a height of 60 meters from its foundation and started operating in 2007. A significant 

decrease in the dead volume capacity of the reservoir due to sedimentation makes this dam 

suitable for study as a possible research case. 
 

3.1. Zonouz Dam information 
Modeling requires the following input data: 

River slope, width, discharge and sediment grain size distribution upstream and downstream of 

the dam. 
 

Input 

Initial bed elevation, Channel width, Discharge 

Hydrodynamic module 

- Steady flow simulation using the 

equation governing the GVF and 

the quasi-normal assumption 

Flow 

parameters 

(h,v) 

Sediment module 

- Brownlie equation (fine 

sediment) 

- Parker equation (coarse sediment) 

Bed load 

transport 

Morphology module 

- Solving Exner equation 

New bed 

level 

elevations 

output  

Input 

Sediment diameter 
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Figure 2. a) Zonouz Dam, b) Zonouz Dam reservoir in plan view 

 

The major part of sediments in the study area were characterized as non-cohesive sands. 

Based on particle size analysis of bed samples the geometric mean diameters of the sediment 

particles were obtained as dg = 1 mm, σg = 1.82, with a density of 2650 kg per cubic meter. 
 

Table 1- Average slope of the Zonouzchay River 

 Downstream 

Distance (Km) 0-0.4 0.4-4 4-9 9-11 

Average slope  0.061 0.038 0.035 0.034 

 

Table 2- Average width of the Zonouzchay River 

 Upstream Downstream 

Distance (Km) Profile 1 Profile 2 0-0.5 0.5-1 1-4 4-9 9-11 

Average width (m) 70 50 115 98 82 85 90 

 

Table 3- River discharge 

 Dry conditions (m3/s) Average conditions (m3/s) 
Wet conditions 

(m3/s) 

Profile 1 0.4 0.75 1.5 

Profile 2 0.4 0.75 1.5 

Zonouzchay River 0.8 1.5 3 

 

In DREAM1, steady flow is assumed for calculating flow parameters. The depth at the first 

point is calculated using the Newton-Raphson method by applying the discharge at the upstream 

point due to supercritical conditions. Then, other parameters are determined. The average 

sediment discharge brought by the river to the dam's reservoir is used to estimate the 

sedimentation rate and solve Exner's equation for the input boundary condition. At the final 

point, the changes in the thickness of the sediments are considered zero. 

The numerical model is written in MATLAB based on the equations and methods used in 

DREAM1. 
 

(a) (b) 
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4. Results and discussion 

4.1. Verification 
Due to the steep slopes in the study area, 350 laboratory data were collected under similar 

conditions to those used in modeling [20-24]. This was done to determine the most appropriate 

sediment transport rate for steep slopes. Following this, the results of the sediment equations 

mentioned in the previous section were compared to each other. The calculation result is 

presented in Table 4, which indicates the lowest error in the Brownlie sediment transport 

equation. 
Table 4- Errors in different sediment transport equations 

 Brownlie Smart Rickenmann 

MSE 5.67E-07 1.33E-06 1.36E-06 

 

In order to validate the accuracy of the model developed in this study, the results obtained 

from modeling pulse thickness changes are compared to those obtained from Cui et al. model. 

The numerical model was developed by Cui et al. [25] in 2003 using Fly River data. In this 

modeling, they investigated the movement of the sediment pulse and modeled the evolution 

process of the sand pulse using DREAM1. The results of this modeling after periods of 3 days, 

10 days and 30 days were compared with that of the present research. This modeling was carried 

out along 16 kilometers of the river with the assumption of sand sediments and an initial pulse of 

2 kilometers long and 1 meter high [25]. 
 

Table 5- Model parameters 

Slope Froude number Depth (m) Discharge (m2/s) D50 (mm) 𝛔𝐠 

0.0001 0.28 5.07 10 0.2 1.5 

 

The changes in pulse thickness at the beginning and after 3, 10 and 30 days are shown in 

Figure 3. The pulse thickness decreases over time. Figure 3 shows that pulse evolution occurs 

through two mechanisms: translation and dispersion. In low Froude numbers and fine-grained 

sediments, the translation mechanism is as effective as the dispersion mechanism. Comparing 

the simulated results with the study of Cui et al. demonstrates the success of the model. 

 

Figure 3. Simulated elimination of sediment pulse a) Cui et al., b) Simulated 

 

(a) (b) 
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4.2. Zonouz Dam 
 

4.2.1 Short term 
In order to investigate the transport of sediments in the short term, simulations were 

performed for periods of 24 hours, 10 days, and one month for different discharges. Table 6 

shows short-term changes in sediment transport rate. Over time, the peak of sediment transport 

decreases. The decreasing rate of sediment transport can be attributed to the decrease in bed 

slope. Also, the sediment transport peak increases with the flow rate. Table 7 shows changes in 

sediment pulse thickness. As the discharge rose, the sediment transport rate increased and pulse 

evolution accelerated. The sediment transport rate in profile 3 is higher than that of the two other 

profiles. This is because of the higher discharge since the discharge of profile 3 is formed by the 

combination of profiles 1 and 2. The highest rate of sediment transport is related to locations 

where the bed slope is steeper. 

 
Table 6- Sediment transport rate (m3/s) 

 
24 Hr 10 Days 1 Month 

Profile 

1 

Profile 

2 

Profile 

33 
Profile 

1 

Profile 

2 

Profile 

3 

Profile 

1 

Profile 

2 

Profile 

3 

Wet 0.01 0.01 0.028 0.0072 0.0074 0.0234 0.0059 0.0061 0.02 

Average 0.0037 0.0031 0.0085 0.0023 0.0025 0.0078 0.002 0.0021 0.0069 

Dry 0.0013 0.00098 0.0027 0.00091 0.00092 0.0026 0.0007 0.00078 0.0025 

 

Table 7- Thickness of pulse (sand deposition) (m)- Short term 

 

24 Hr 10 Days 1 Month 

Profile 

1 

Profile 

2 

Profile 

3 

Profile 

1 

Profile 

2 

Profile 

3 

Profile 

1 

Profile 

2 
Profile 3 

Wet 6.38 5.92 10.03 5.31 5.47 8.6 4.42 4.68 7.18 

Average 6.7 6.07 10.35 5.97 5.84 9.55 5.4 5.53 8.7 

Dry 6.8 6.19 10.5 6.41 5.94 10.04 6 5.85 9.58 

 

A change in the bed level is another important result that helps in the understanding of the 

changes after dam removal. Figure 4 shows how bed elevation changes after one month under 

different hydrological conditions. It is obvious that sediments in the reservoir began to erode and 

accumulate downstream. Wet hydrological conditions caused faster bed level changes than the 

other two conditions, while dry conditions showed the smallest changes. Changes in bed 

elevation in the short term will result in the stability of the slope. However, in the long term, 

profile 1 and profile 2 will erode completely. 
 

4.2.2 long term 
In order to analyze the transport of sediments in the long term and to estimate the time 

required for the erosion of the deposits in the reservoir and for the dam site to reach its pre-

construction state, simulations were conducted for more than one year under different 

hydrological conditions. Figure 5 shows bed elevation changes for three different profiles. As 

 
3 The junction of profiles 1 and 2 and the river 
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shown in Figure 5, the reservoir sediments are eroded and deposited downstream over time. 

Figure 5 presents the changes in bed elevation under average hydrological conditions. Modeling 

was also done for other hydrological conditions. The results indicate that under wet hydrological 

conditions bed erosion occurs much faster (3 years) while it is by far slower (28 years) under dry 

conditions. 

 

 

 

 
Figure 4. Bed elevation changes- Short-term 
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Figure 5. Bed elevation changes- Average condition- Long-term 

 

As seen in Table 8, under all hydrological conditions, the thickness of the sediments has been 

more eroded in the long term than in a similar situation during the short term. Therefore, over 

time, a greater amount of sediment has been eroded from the reservoir but the rate of change has 

decreased. This means that in the first months and years after dam removal, the rate of sediment 

elimination was higher and it decreased over time. This phenomenon can be attributed to the 

decrease in the bed slope. 
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Table 8- Thickness of pulse (sand deposition) (m)- Long term 

 1 year 2 years 

 Profile 1  
(x=-1100) 

Profile 2  
(x=-1200) 

Profile 3 Profile 1 
 (x=-1100) 

Profile 2  
(x=-1200) 

Profile 3 

Wet 3 3.28 2.77 2.06 2.3 1.36 

Average 3.49 3.72 4.85 3.24 3.49 3.67 

Dry 4.37 4.57 6.93 3.79 3.99 5.65 

 3 years 5 years 

 Profile 1 
 (x=-1100) 

Profile 2 
 (x=-1200) 

Profile 3 
Profile 1  
(x=-1100) 

Profile 2 
 (x=-1200) 

Profile 3 

Wet 1.01 1.25 0.34 - - - 

Average 3.03 3.26 2.94 2.48 2.64 1.94 

Dry 3.54 3.75 4.9 3.35 3.57 4.01 

 9 years 28 years 

 Profile 1  
(x=-1100) 

Profile 2 
 (x=-1200) 

Profile 3 
Profile 1 
 (x=-1100) 

Profile 2 
 (x=-1200) 

Profile 3 

Average 1.18 1.26 0.54 - - - 

Dry 3.11 3.27 2.97 1.3 1.2 0.49 
 

 

Previously, modeling results were presented for three hydrological conditions that remained 

constant over the years to estimate sediment erosion time. In the following, the model results are 

presented considering seven years of hydrological conditions at Zonouz Dam. Table 9 shows 

these hydrological conditions. 
 

Table 9- Hydrological conditions at Zonouz Dam 

1st year 2nd year 3rd year 4th year 5th year 6th year 7th year 

Average Wet Average Dry Average Average Average 

 

Figures 6 and 7 show sediment thickness changes in the third and seventh years under 

different hydrological conditions. In the third year, sediment erosion is mainly caused by wet 

hydrological conditions, while dry hydrological conditions cause small amounts of sediment 

erosion. Significant sedimentation has accumulated where the slope decreased or width 

increased. 

These areas are between 1.5 to 6 and 7 to 11 kilometers and immediately downstream of the 

dam. Also, by comparing the average hydrological conditions and the hydrological conditions of 

Zonouz Dam, it is observed that erosion occurs more in the hydrological conditions of Zonouz 

Dam than in the average conditions. On average, hydrological conditions prevailed for seven 

years. However, Zonouz Dam experienced wet conditions in the second year and dry conditions 

in the fourth year. This illustrates that wet hydrological conditions in the early years have a 

significant impact on the occurrence of dry conditions in the following years. 
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Figure 6. Thickness of sand deposition- 3rd Year 
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Figure 7. Thickness of sand deposition- 7th Year 

 

Table 10 shows the percentage of sediment erosion in different years. As expected, the 

erosion rate is much higher at high discharge rates than at low discharge rates. In addition, 

erosion rates are high in the early years but decrease over time. On the other hand, by comparing 

the results of wet, dry, and average years with the hydrological conditions governing the dam, it 

is concluded that the order of wet years is very effective in controlling erosion rates. During the 
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second year when the Zonouz Dam hydrological conditions were assumed, sediments eroded by 

37%. However, in the second year when wet conditions were assumed, 23% erosion happened. 

This is due to the difference in discharge in the first year. In the first year, a large percentage of 

sediments were eroded due to wet conditions. In the second year, the reservoir slope was 

reduced. This led to a decrease in erosion rates in the second year compared to the dam's 

prevailing hydrological conditions. Table 10 presents detailed information about sediment 

erosion percentage in different years. 

 
Table 10- The percentage of sediment erosion 

  1 year 2 years 3 years 5 years 7 years 

Dry 7 12 16 23 29 

Average 18 27 35 50 65 

Wet 37 60 79 - - 

Recorded discharge 18 55 62 70 82 

 

5. Conclusions 
Around the world, dams have been removed for decades because of safety concerns, reservoir 

volume losses, and river restorations. Dam removal exposes sediment deposited in reservoirs to 

erosion and transportation downstream. A river's physical response depends on the grain size of 

sediment deposition. The Dam Removal Express Assessment Model (DREAM) is one of the 

most commonly used models for modeling downstream sediment transport after dam removal. 

By analyzing the Zonouz Dam as a case study, this study will predict and model one-

dimensional changes in the downstream riverbed following dam removal by using the governing 

equations of DREAM. The numerical modeling results of sediment transport indicate that the 

erosion rate in the first months and years is much higher than in the following years. About 79% 

of the reservoir sediments eroded under wet hydrological conditions after three years. The 

sediment waves in this reservoir also generally follow an evolution based on dispersion. Other 

factors that affect erosion rates are the existing hydrological conditions. For example, under 

average hydrological conditions, sediments erode in nine years. Under dry hydrological 

conditions, sediments erode in 28 years. Reservoir sediment erosion can result in sediments 

traveling 11 kilometers downstream in the long term. The highest deposition occurs in areas 

where the slope has decreased or the width has increased. In the immediate downstream of the 

dam, these locations are 1.5 to 6 kilometers and 7 to 11 kilometers away from the dam, 

respectively. 

 

 

 

 

 

 

 

 

 

 

 



P. Pourabedini, S. M. A. Banihashemi 

 

 
WINTER 2023, Vol 9, No 1, JOURNAL OF HYDRAULIC STRUCTURES 

Shahid Chamran University of Ahvaz 

                                                                                  

96 

References 
  

1) Foley, M.M.., Bellmore, J.R., O'Connor, J.E., Duda, J.J., East, A.E., Grant, G.E., Anderson, 

C.W., Bountry, J.A., Collins, M.J., Connolly, P.J., Craig, L.S., Evans, J.E., Greene, S.L., 

Magilligan, F.J., Magirl, C.S., Major, J.J., Pess, G.R., Randle, T.J., Shafroth, P.B., 

Torgersen, C.E., Tullos, D. and Wilcox, A.C.  (2017)., Dam removal: Listening in, Water 

Resources Research., 53(7), pp: 5229-5246. 

2) Rathburn, S.L. and Wohl, E.E., (2001). One dimensional sediment transport modeling of 

pool recovery along a mountain channel after a reservoir sediment release. Regulated 

Rivers: Research & Management: An International Journal Devoted to River Research and 

Management, 17(3), pp.251-273. 

3) Goodell, C.R. and Bradley, J.B., (2005). Sediment Management for Dam Removal: An 

HEC-6 Approach.  Managing Watersheds for Human and Natural Impacts. 

4) Chang. H. H., (2008). Case Study of Fluvial Modeling of River Responses to Dam 

Removal. Journal of Hydraulic Engineering, pp.295-302. 

5) Ding, Y. and Langendoen, E. J., (2016). Simulation and control of sediment transport due to 

dam removal. Journal of Applied Water Engineering and Research. 

6) Lisle, T.E., Pizzuto, J.E., Ikeda, H., Iseya, F. and Kodama, Y., (1997). Evolution of a 

sediment wave in an experimental channel. Water Resources Research, 33(8), pp.1971-

1981. 

7) Cui, Y., Parker, G., Lisle, T.E., Gott, J., Hansler‐Ball, M.E., Pizzuto, J.E., Allmendinger, 

N.E. and Reed, J.M., (2003). Sediment pulses in mountain rivers: 1. Experiments. Water 

Resources Research, 39(9). 

8) Rumschlag, J. H. and Peck, J. A., (2007). Short-term Sediment and Morphologic Response 

of the Middle Cuyahoga River to the Removal of the Munroe Falls Dam, Summit County, 

Ohio. Journal of Great Lakes Research, Volume 33, pp. 142-153. 

9) Pearson, A. J., Snyder, N. P., and Collins, M. J., (2011). Rates and processes of channel 

response to dam removal with a sand-filled impoundment. Water Resources Research. 

10) StillwaterSciences., (2000). Numerical Modeling of Sediment Transport in the Sandy River. 

11) Conlon, M., (2013). A Hindcast Comparing the Response of the Souhegan River to Dam 

Removal with The Simulations of The Dam Removal Express Assessment Model-1, 

Master's Thesis, Boston College. 

12) Cui, Y., Collins, M.J., Andrews, M., Boardman, G.C., Wooster, J.K., Melchior, M. and 

McClain, S., (2018). Comparing 1-D Sediment Transport Modeling with Field 

Observations: Simkins Dam Removal Case Study, International Journal of River Basin 

Management. 

13) Stillwater Sciences., (2014). Sediment transport in the Patapsco River, Maryland following 

Bloede Dam removal. Technical Memorandum, prepared for American Rivers, Washington, 

DC, September 20. 

14) Vanoni, V. A., Sedimentation Engineering: Theory, Measurements, Modeling, and Practice 

2nd Edition (Chapter 23), American Society of Civil Engineers, 2006. 

15) Cui, Y. and Wilcox, A. (2008). Development and application of numerical models of 

sediment transport associated with dam removal. Chapter 23 in Sedimentation Engineering: 

Measurements, Modeling, and Practice, ASCE Manual 110, Garcia, M.H., ed., 995-1020, 

ASCE, Reston, VA. 

16) Hadadin, N. and Bdour, A., (2006). Investigation in the Brownlie (1981) sediment transport 

equation in open channels. 13. pp.258-266. 



Predicting Sediment Transport on Steep Slopes After Dam Removal: … 

 
WINTER 2023, Vol 9, No 1, JOURNAL OF HYDRAULIC STRUCTURES 

Shahid Chamran University of Ahvaz 

                                                                                

97 

17) Smart, G. M., (1984). Sediment transport formula for steep channels. Journal of Hydraulic 

Engineering, 110(3), pp.267–276.  

18) Rickenmann, D., (1991). Hyperconcentrated Flow and Sediment Transport at Steep Slopes. 

Journal of Hydraulic Engineering 117:1419-1539. 

19) Paola, C. and Voller, V. R., (2005). A generalized Exner equation for sediment mass 

balance. Journal of geophysicalI research. 

20) Ali, M., Sterk, G., Seeger, M., Boersema, M., and Peters, P., (2012). Effect of hydraulic 

parameters on sediment transport capacity in overland flow over erodible beds, Hydrol. 

Earth Syst. Sci., 16, pp.591–601. 

21) Zhang, G., Liu, Y., Han, Y. and Zhang, X.C., (2009). Sediment Transport and Soil 

Detachment on Steep Slopes: I. Transport Capacity Estimation. Soil Sci. Soc. Am. J., 73: 

pp.1291-1297.  

22) Nadim M. A., David E. S., (1989). Experiments on sediment transport in shallow flows in 

high gradient channels, Hydrological Sciences Journal, 34:4, pp.465-478. 

23) H. P. Guy, D. B. Simons, and E. V. Richardson, Summary of Alluvial Channel Data from 

Flume Experiments (1956-61), Geological survey professional paper. 

24) Brownlie, William R., (1981). Prediction of flow depth and sediment discharge in open 

channels. W. M. Keck Laboratory of Hydraulics and Water Resources Report, 43A. 

California Institute of Technology, Pasadena, CA. 

25) Cui, Y., Parker, G., Lisle, T.E., Gott, J., Hansler-Ball, M.E., Pizzuto, J.E., Allmendinger, 

N.E. and Reed, J.N., (2003). Sediment Pulses in Mountain Rivers:1.Experiments, Water 

Resources Ressearch.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
© 2023 by the authors. Licensee SCU, Ahvaz, Iran. This article is an open access article distributed 

under the terms and conditions of the Creative Commons Attribution 4.0 International (CC BY 4.0 

license) (http://creativecommons.org/licenses/by/4.0/). 
 


