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ABSTRACT 

To check the leakage water from the body and foundation of a dam in order to ensure the stability and to 

prevent waste of the water is one of the important and notable factors in the design and construction of 

earth dams. This paper investigated the scour level of Ezgeleh earth dam foundation. The study area is 

geographically located within the province of Kermanshah, Sarepole Zahab city. The software Seep /W 

was used for numerical analysis of the leakage. The analysis is conducted by finite element method 

considering that the annual leakage rate is not acceptable from an economic standpoint and safety 

coefficients of sections 2, 3, 8, 9, 11, 12 is less than the maximum allowed levels and the piping 

phenomenon occurs in these sections. Therefore, for sealing the dam foundation two methods of sealing 

by seal trenches and sealing wall were used. After sealing by trenches, the leakage level from the 

foundation will be reached to the allowed value; thus will be acceptable. However, the safety factor to 

prevent piping phenomenon is acceptable except for the sections 2, 11 and 12. Piping is an important 

issue in technical and engineering point of view. This problem was solved after the construction of the 

seal wall, therefore, the leakage rate ultimately decreased and reached to an equivalent of 1.86 % of the 

tank volume. 
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INTRODUCTION 

Piping is raised in the engineering aspect of the foundation stability. Unauthorized water leakage is one of 

the factors that could put hydraulic structures at risk. In other words, in a sealing design authorized 

leakage from the dam foundation is assumed.  

Whenever the amount of the water passing through the dam foundation (water leakage) isn’t followed by 

displacement and transportation of the earth materials, in other words if the piping doesn’t occur, it can be 

said that the dam is stable.  

In current project the most alluvial deposits thickness is placed at the left side of the structure. To evaluate 

the piping potential, computation of the two hydraulic gradients is required. 

1. Available Hydraulic Gradient I (Exit): 

To achieve it at first the leakage from any section and then the leakage speed should be computed. 

Section hydraulic gradient (iexit) is obtained by dividing the leakage discharge ratio (Q) by the section 

surface (A) at permeability coefficient (k). 

 

(1-1)                                                                                 Q=k.i.A 

 

2. Critical Hydraulic Gradient I (Cr): 

Critical hydraulic gradient (icr) is obtained through the ratio of the immersion density of materials to the 

water density. 

(1-2)            
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If the ratio of the critical hydraulic gradient to the hydraulic gradient is higher than 2-3 (safety 

coefficient), then no piping will be stated due to the safety factor- related reliability [8]. 

(1-3)         𝐹𝑆 =
𝑖𝑐𝑟

𝑖𝑒𝑥𝑖𝑡
3-2 

Chahar (2004) by drawing leakage-free line through the casagrande method obtained the minimum and 

maximum length of horizontal drainage according to the dam geometry and the required coverage of 

downstream on phreatic line to prevent saturation of the downstream environment of the homogeneous 

earth dams.  

According to the fact that by making a horizontal drainage of stone paw at downstream of the earth dams 

the leakage can be prevented and since there were only drawing solutions for determining the drainage 

length, Chahar (2004) obtained the equations for determining the minimum, the maximum and proper 

horizontal drainage and downstream cover for the homogeneous isotropic and non-isotropic earth dams. 

Mishra and Singh (2008) analyzed the leakage in a homogeneous earth dam with the horizontal heel filter 

using finite element method. In order to facilitate the problem they assumed that the dam is an isotropic 

dam which is located on an impermeable foundation and the leakage conditions is stable. 

Geographical Position and Specifications of the Ezgeleh Dam 

The site of the Ezgeleh dam is located in the province Isfahan within the limits of Golpayegan city. To 

access to the site is possible by an asphalt road which begins from Golpayegan and continues until 

Aligudarz.  

5 km from the road there is a diversion road which continues until the dam site. This road is 3 km and 

ends to the left abutment of the dam at downstream option. To access to other parts of the site is possible 

through the local access roads. 

Figure1 shows the location of the project. 

 

 
 

Figure 1: Location Dam Flock 

 

Ezgeleh dam specifications can be summarized as follows: 

Dam height from the bottom of the river: 33 m 

The dam crest: 150m 

Dam crest level: 1205 

Dam free height: 3 m 

Normal level of water in the tank (overflow level): 1202 m 

Reservoir normal level: 207,959 m2 

Dam adjusting volume: 2967252 m3 

Operating the minimum balance (intake level): 1181 m 
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MATERIALS AND METHODS 

Structure Situation of the Ezgeleh Dam 

The dam structure is made up of a foundation consisting of soil and rock that alluvial deposits have placed 

on the below rocks. Alluvial deposits thickness is different at left and right axis so that the thickness of 

the alluvial deposits at left and right on average is 17 and 8 meters, respectively. Figure 2 displays the 

stratigraphic sections of the dam axis.  

As can be seen, the stone part of the foundation is composed of sandstone and in the river bed the alluvial 

making ingredients are coarse and composed of gravel. The left axis is made up of silt stand and the right 

axis is made up of sandy silt.  

To make the permeability section, at first mechanical exploratory boreholes drilling machine (of 

rotational type) on the dam axis section is implemented and a permeability column is defined by inserting 

the permeability coefficient values at testing sections of each borehole.  

Using the interpolation method, the zones of permeability has been identified by the median between the 

boreholes. 

Core Materials 

Commonly, to prevent water leakage into dams, if any suitable materials are available, generally a core 

involving materials with very low permeability (lower than 5-10 cm per second) is used. While passing 

through this section of the dam body, due to the very low permeability the water loses lots of its potential 

energy because of the friction; as a result, the leakage amount will decrease, accordingly.  Currently, the 

engineers prefer to design and build earth dams by zone and by applying the core except for those 

conditions that the dam is built homogeneously and whole the dam body is made up of a type of fine 

materials or the pieces of stone (rock fill dams) due to the lack of appropriate materials.  

Three issues should be considered in designing earth dams: 

- To choose appropriate materials 

- To determine the core thickness 

- To choose the geometric shape and position of the core establishment in the section of the dam  

It is clear that all of the above issues are connected together and decision making on each case must be 

done with regard to other cases (National Committee of Iranian Large Dams, 1996). 

Using the Sealing Trenches 

Trench and the sealing walls in building dams is raised when due to permeable alluvial materials of the 

foundation, the body dam inevitably is built on these materials and employing an appropriate sealing 

method to prevent  water leaking through the foundation is required.  

In total, since the alluvial in riverbed generally is composed of coarse grain materials of sand, gravel, 

rubble and even sometimes lager parts, a lot of water is wasted through the leaking from the alluvial 

foundation that besides the negative economic impacts may cause some stability problems for the dam. In 

such circumstances, if the thickness of alluvium is limited, applying sealing trenches can be raised. 

Sealing trench is a hole which is drilled inside the permeable alluvial layer throughout across the river till 

reaching the bedrock impermeable layer and after reaching the desired depth is filled by impermeable 

materials which can be of the same materials with the materials of the dam or even more desirable 

materials. Indeed, it is like that the core is rooted along the foundation (Rahimi, 2010). 

Applying the Sealing Wall 

Thin Sealing walls or diaphragms are thin plates made up of a type of flexible concrete (plastic concrete) 

which are implemented in trenches excavated by closed drilling method in the river alluvial beds up to 

fairly high depths. Thickness of this wall varies between about 0.6 to 1.5 m2 and the wall depth can be 

raised up to 150 meters according to the needs and specifications of drilling machines and concrete 

equipment. The purpose of this type of walls is to block the water seepage flow path from upstream to 

downstream and likely they are used for drying open drilling location or sealing the deep alluviums under 

the core.  
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Water passing through the foundation at each section compared to the determination of the geometric 

shape of the effective foundation and body was set according to the layout of the dam. 

 

Table 1: Foundation and Body Geometric Properties of Ezgeleh Earth Dam 

Core Principle (m) 
Horizontal Distance of 

Downstream Shell (m) 

Vertical Distance of 

Downstream Shell (m) 
Section 

7.4 10 12 A1 

11.4 25 24 A2 

19.8 65 39 A3 

24.2 77.5 57 A4 

29.4 85 87 A5 

31.4 92.5 93 A6 

30.6 90 90 A7 

29.8 92.5 81 A8 

28.2 92.5 69 A9 

20.2 52.5 57 A10 

16.6 35 51 A11 

13.4 17.5 48 A12 

9.8 10 30 A13 

8.2 5 24 A14 

 

After determining the geometric features of the body and foundation, it was outlined by the software Seep 

/ w. 

Seep / w Features 

In order to analyze the seepage from the body, the porous media has been considered in accordance with 

the plan and the analysis was conducted by SEEP / W. 

SEEP / W is a software product with finite elements which can be used for modeling the displacement 

and distribution of pore water pressure within porous materials such as soil and rock. Its comprehensive 

and extensive formulation makes it possible to analyze simple and complicated hydro problems. This 

software is applicable for analyzing and designing the geotechnical, civil, hydrological and mining 

projects. 

It provides a general analysis of hydro and models both saturated and unsaturated flow. SEEP/W can 

resolve the actual problems better than other similar programs as well as covers more extensive range. For 

the results to be real physically, it is necessary to consider unsaturated flow for the modeling of the 

groundwater. In soils, hydraulic conductivity and the volumetric capacity of water or the stored water 

change into a function of pore water pressure. Seep/W software models these relations as a continuous 

function. Most of the other similar software programs don’t observe this issue instead they apply a series 

of unreal physical assumptions which are in fact stage functions. For example, in pore water pressure of 

zero and higher than zero (below the water table) the amount of  hydraulic conductivity is assumed 

saturated or in pore water pressure less than zero (up the water table) the amount of hydraulic 

conductivity is zero. Using such unreal non-stage functions for modeling the soil hydraulic conductivity 

capability and the amount of the water volumetric capacity may result in false findings. 

Seep/W is able to solve easily problems associated with subtle flow because it is formulated for both 

saturated and unsaturated flow computations. Whole the zone involving the flow becomes like a network 

of finite elements. By this software and after obtaining a convergent response, counter line of zero water 

pressure, will be the separator surface in the network. The separator surface is displayed by the following 

figure. This surface is not the flow border rather simply speaking it is a line that pore water pressure is 

zero along it. This simplifies the analysis of non-confined flow and as the other advantage considers the 

capillary flow located at the top of the separator that is an important component for calculating the total 
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flow. This part of the flow (capillary flow) is displayed by the flow vectors which (are located) at top of 

the separator.  

 

RESULTS AND DISCUSSION 

Sections Model 

All 14 sections which are examined for leakage were modeled by Seep/W and their safety was evaluated 

from the bottom to the border of impermeable (part). The related results are shown by table 2. 

 

Table 2: Evaluation of Piping Potential for Ezgeleh Dam Foundation  

 
All the alluvial sections are checked and computed without considering the sealing trench and in natural 

conditions. It is realized that the safety coefficient of all sections except the sections number 2, 3, 8, 9, 11 

and 12 is higher than 2. 

Sealing of the Foundation 

To decrease the sealing degree of the sealed part is one of the ways for dealing with particle leaching 

from the core towards the foundation which is caused due to the intense pressure difference between two 

sides of the sealed part and lower part of the core as well the sealed part. Of course, this in turn makes 

another problem that is the high permeability and significant increase of the leakage. According to the 

previous experiences, considering these limitations the best permeability for the sealed part is the middle 

of two extremes, namely permeability of the sealed part must not be so low that results in making 

pressure intense at two sides of the sealed part as well as it must not be so high that results in increasing 

the leakage.  

According to the experience, the best sealing degree for the sealed part is about 65% because in this case 

pore pressure distribution is easily achieved and the amount of the loses will be unimportant [8]. This 

subject is used under the title of the sealing plan in current research. 
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Water leakage is raised as an effective factor of economic justification of storage dam projects. Therefore, 

some of the input water into the reservoir is defined as the allowed limit of the leakage. In engineering, 

this limit can be identified by Lejeune number or drinkers rate at a given pressure for the stone part and 

by computing the piping for the soil part. This is an optimal amount which is determined based on the 

interaction of two factors of water losing cost and the environment sealing cost. Formerly, by using 

Seep/W software the rate of leakage from the dam foundation at any section and ultimately from the 

whole foundation was measured that is equal to 355000 m3 per year.    

With regard to the economic value of any plan for which maintenance and storage are important factors, 

amount of the allowed water leaked from the foundation on average is considered about 2-5 percent of the 

reservoir total capacity per year. In Ezgeleh earth dam plan the ratio of water leakage to the capacity of 

the reservoir is 30.6% which implies that the rate of water leakage in this project is problematic from the 

economic point of view.  

Hence, to access the allowed leakage rate, sealing is required and according to the specifications of the 

plan and alluvial foundation, the sealing trench is used for the sealing. Table 3 shows the thickness of the 

permeable part, depth and slope of the sealing as well as the thickness of the permeable part after 

constructing the sealing trench. 

 

Table 3: Permeable Layer Thickness and the Sealing Trench Depth in Ezgeleh Earth Dam 

Section 

The Initial 

Thickness of 

the 

Permeable 

Part 

(m) 

The Initial 

Thickness of 

the 

Permeable 

Part 

(m) 

Depth 

Remaining 

After the 

Sealing Plan 

(m) 

Trench 

Slope 

(m) 

Trench 

Depth 

(m) 

Thickness of the 

Permeable after 

the 

Construction of 

the Sealing 

Trenches 

(m) 

A1 13.35 8.7 4.7 1/1 2 11.35 

A2 9.88 6.4 3.5 1/1 2 7.88 

A3 5.04 3.3 1.8 1/1 3 2.04 

A4 4.87 3.2 1.7 1/1 3 1.87 

A5 4.29 2.8 1.5 1/1 3 1.29 

A6 6.5 4.2 2.3 1/1 6.5 0 

A7 3.1 2.0 1.1 1/1 3.1 0 

A8 1.6 1.0 0.6 1/1 1.6 0 

A9 1.5 1.0 0.5 1/1 1.5 0 

A10 1.2 0.8 0.4 1/1 1.2 0 

A11 3.7 2.4 1.3 1/1 1 2.7 

A12 7.6 4.9 2.7 1/1 1 6.6 

A13 7.1 4.6 2.5 1/1 1 6.1 

A14 5.1 3.3 1.8 1/1 1 4.1 
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Then, by Seep/W software the sealing trench is outlined under the dam foundation. The results of the dam 

piping potential evaluation are shown by table 4.  

 

Table 4: Evaluation of Piping Potential of Ezgeleh Earth Dam, After Constructing of the Sealing 

Trench 

 
After constructing the sealing trench in dam foundation, safety coefficient of all sections except sections 

number 2,11and 12 becomes higher than 2 that is illustrated by the following chart. 

 

 
 

Figure 3: Safety Coefficients of Azghale Dam Foundation after Constructing the Sealing Trench 

Sections number 
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Therefore, in order to prevent the piping phenomenon the above mentioned points have to be modified. 

For this, the sealing is checked by constructing the diaphragm. The results are shown by table 5. 

Table 5: Evaluation of Piping Potential of the Ezgeleh Earth Dam, after Constructing the Sealing 

Diaphragm 

 
As a result, by constructing the sealing wall safety coefficients of all sections become up to 2. See the 

following chart 

 
 

Figure 4: Safety Coefficients of Each Section of Ezgeleh Dam Foundation, after Constructing the 

Sealing Diaphragm 
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Sections number 

Finally, we will have a look at the chart comparison of states including the sealing plan (blue), the sealing 

trench (orange), and the sealing diaphragm (gray). 

Figure no.??? 

 
Sections number 

 

Conclusion  

In this study, the scouring of Kermanshah Ezgeleh earth dam was checked and the following findings 

were obtained:  

 At first, by evaluating the piping phenomenon without the sealing plan, the average rate of 

leakage is unacceptable. In addition, the safety coefficient of sections 8, 3, 2, 12, 11 and 9 is not within 

the allowed limit that ultimately results in the scouring of the dam structure materials. 

 For as much as, according to the evaluations from the technical and economic standpoint, 

the ratio of passing water to the dam reservoir capacity is higher than the allowed limit, the sealing plan 

should be modified. Thus, to avoid piping these points have to be modified, for this, in order to decrease 

the leakage amount, the sealing trench and diaphragm was evaluated: After constructing the sealing 

trench, all sections except sections 2, 11and 12 placed within the allowed limit. 

 By constructing the sealing diaphragm the scouring problem of the earth dam was removed 

and the safety coefficient of the all sections become higher than 2 and the leakage amount becomes 

acceptable within the allowed limit.  
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