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ABSTRACT 
Embankment dams are mainly constructed of earth and rock-fill materials. This study is 

aimed at comparative analysis of seepage using computer based numerical method and 

graphical method considering Megech earth-rock fill dam as a case. Geo-studio 2012 

model (SEEP/W Module) was employed to conduct the seepage analysis of the dam from 

the numerical approach. The Numerical seepage analysis was estimate by using a finite 

element approach (SEEP/W), while the graphical method is solely based on the 

construction of flow nets. Using flow net method of seepage analysis at normal water level, 

the seepage was 2.2x10-5m3/second the result at maximum water level was 2.3x10-5 m3/sec. 

It looks that for the maximum water level are more excessive seepage than at normal water 

level. The result of the SEEP/W module of the Geo studio 12 model shows that the total 

flow per unit length through the dam body and foundation at full reservoir condition is 

2.0056x10-5m3/sec, and for maximum water level, the result was 2.752x10-5m3/sec. The 

result indicates that the graphical method underestimates seepage magnitude for the 

maximum water level case, whereas for the normal water level case, it overestimates the 

seepage magnitude. However, the results are still closer to each other despite the many 

uncertainties and simplified assumptions involved under the graphical approach. This 

study is therefore a good illustration of the fact that sometimes more complex approaches 

may not necessarily give more accurate results than the simpler approaches. 

Keywords: phreatic line, flow net, Seep/W, Normal water level, and Maximum water level
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1. INTRODUCTION 

1.1 Background of the study 

A dam is a hydraulic structure constructed across a stream, river, or waterway for the purpose of 

confining and controlling the flow of water. Dams are built for specific functions such as for water 

supply, irrigation, and flood control and also to generate hydroelectric power ( Novak et. al., 2001). 

There are two types of modern dam namely embankment dam and concrete dam. Embankment 

dam is a water impounding structure constructed from fragmental natural materials excavated or 

obtained close to the dam site. The natural fill materials are placed and compacted without the 

addition of any binding agent, using high-capacity mechanical plant. They rely on their weight to 

resist the flow of water, just like concrete gravity dams. 

In Ethiopia, the construction of the dam is started in late centuries. The first dam constructed in 

Ethiopia for the purpose of hydropower is Aba Samuel dam, constructed on the Akaki River, 

tributary of the Awash River and was commissioned in 1939. Now a day in Ethiopia the demands 

for irrigation is arising through the development and expansion of organized agriculture, to satisfy 

this demand, many embankment dams are constructed and most of which are used for satisfying 

this purpose ( WWDSE, 2009). 

All dams are designed and constructed to meet specific criteria such as a dam should be built from 

locally available materials wherever possible. The dam must remain stable under all conditions, 

during construction, and ultimately in operation, both at the normal reservoir operating level and 

under all flood and drought conditions. The dam and foundation must be sufficiently watertight to 

control seepage and maintain the desired reservoir level. The dam materials and foundation must 

be strong to resist load, it must have sufficient spillway, and outlet works capacity and freeboard 

to prevent floodwater from overtopping the dam crest (Ali & fardin ,2005).   

Nowadays more than 50 small and large dams are in operation. Previously the capacity of the 

country was involved in small-scale irrigation projects, which not need detail studies and 

techniques. In order to meet the intent of the country population, the large dam currently needed 

for different purpose like Tendaho, Ribb, Arjo Dedessa, Kesem, Middle Awash, Megech, Tekaze 

are clay core rock/earth fill dams (zoned dams) are being built in Ethiopia (WWDSE, 2009). 
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be controlled to prevent the erosion of Earth Rock fill dams. Therefore, seepage problems, their 

solution and measures for monitoring are forecasted.  

The finite element method through a computer program, named SEEP/w used to determine the 

quantity of seepage through the Earth rock fill dam. Finite Element Method (FEM) based on 

meshing is being used for the seepage analysis in Earth Rock fill dams ( Dejen, 2016). 

In view of my thesis, during the excavation of Megech earth rock fill dam, the depth of excavation 

for impervious foundation is increased because of fractured, jointing and weathering along the 

core and flanks of Megech earth rock fill dam. Due to this problem, the actual excavation for 

impervious core is greater than the designed excavation level of the dam and the height of core 

was increased. Therefore, the analysis of seepage is needed and done by comparing the graphical 

and numerical method analysis by SEEP/W method based on meshing. The Finite element method 

is envisaged to be the best for the analysis because of involving the boundary, geometry and 

material property with different parameter.  

1.2 Statement of the problems 

Today in our country abundant embankment dams are constructed particularly for the purpose of 

irrigation, water supply, hydropower, flood control, and recreation purpose. The Ministry of Water 

Resources has signed contract agreement with Water Works Design & Supervision Enterprise, 

Ethiopia in association with TAHAL GROUP, Israel to provide consulting services for "Feasibility 

Study and Detailed Design of Megech Earth-rock fill dam (WWDSE, 2009). During the Megech 

Earth-rock fill dam analyzed, accurate seepage analysis was missed because of the depth of 

excavation of main dam increment during construction, hence was not studied for consequences 

like seepage. Megech Earth-rock fill dam has always been associated with seepage as impound 

water in it. When the escape of water from reservoir upstream of the dam to the downstream of 

the dam through body of the dam, or its foundation, the quantum of seepage is not prevented due 

to lack of correct height of the impervious core design (Ali Beheshti, 2013). If there is excessive 

leakage of the dam available the structural failure of the dam happens. Therefore, seepage analysis 

is vital to determine the status of a dam relative to its structural and provide the mitigation measures 

of the dam.  
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1.5 Significance of the Study 

Nowadays it is clear that continued efforts in dam seepage analysis will benefit the entire nation. 

The evaluation of seepage for both new and existing embankment dams presents special and 

unique problems (USACE,2004). The main motivation of seepage analysis of dams is to save 

human lives, reduce property damages, provide continuous services, the most suitable and provide 

reliable performance of seepage methods and increasingly demanding. Therefore, the significance 

of this thesis is to analysis the seepage flow problems that occur due to increase the depth of 

excavation up to impervious core foundation below the designed level of the dam during normal 

and maximum water level of the dam. 

1.6 Scope of the study 

The scope of this thesis is limited to the analysis of seepage at different water level condition 

(during maximum and normal) water level. By using Numerical method based on Geo -Studio 

2012 Software and graphical solution to identify the gap formed. By using these two methods, the 

result obtained was against the Federal water works Design and Supervision enterprise due to 

increasing the height of impervious core height. 
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2.  LITERATURE REVIEW 

2.1 Over View of Earth Rock fills Embankment Dams 

Earth Rock fill dams are made of naturally available materials excavated or obtained in the 

surrounding area without any binding materials and contain compacted soils and rocks account for 

over 50% of the placed volume of material or required excavation, which are then spread and 

compacted in layers by mechanical means. It requires a very large quantity of materials. This type 

of dam is constructed primarily of selected engineering soils and rocks compacted uniformly and 

intensively in relatively thin layers and at a controlled moisture content and dry density 

respectively. Earth Rock fill dams consists of impermeable core made of clayey soils, filters and 

drains usually made of sandy and gravelly soil to prevent the core from being washed out, shell 

and rock (Novak et al., 2007). 

Earth Rock fill dams are zoned type of embankment dam composed of more than one type of 

naturally available material. This is the dam in which zones of materials of considerably more 

pervious material forms the outer rock, shell and a relatively impervious material forms the central 

core. The pervious zones may consist of sand, gravel cobbles, shell or rock materials, while the 

core consists of soil such as clay, silt or clay gravel mixture. The main body of this dam has a 

structural resistance against failure, consists of rock fill, shell and transition zones, and core and 

facing zones have a role to minimize leakage through embankment (Narita, 2000). Earth Rock fill 

dams are exposed to seepage throughout their lifetime. 

Gidabo dam: - Gidabo dam irrigation project is located in Ethiopia, within the boundary of 

Oromia Regional State and SNNPR state, specifically the Abaya district of West Guji zone in the 

Oromia region and Dale district of Sidama zone in SNNPR state near Dilla town to the east of 

Lake Abaya, which is 375 Km from Addis Ababa the capital city of Ethiopia. The dam cross-

section has been the newly introduced dam has 2H: 1V upstream and 1.75H: 1V to 2H: 1V 

downstream side slope, with asphalt concrete core of 0.5 m thickness, and the same berm length, 

position of a berm, dam crest, and top core thickness of original size was adopted and the straight 

core has a good safety margin than the slanting core. The soil used for clay core is available in two 

sites within the neighborhood of the project area (between Dilla University and the dam site) about 
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15 Km east of the dam site with a potential of about 0.5 Mm3 that is far from the dam site and 

poor in quality (Gemeda, 2020). 

Arjo Dedessa: - Arjo Dedessa dam is located in Ethiopia within the boundary of East Wollega 

Illubabor and Jima Administrative zones, or Oromia National Regional State. The project area is 

accessible from Addis Ababa via Jima, by using an asphalt road for a distance of 355 km. all source 

of clay core for the dam is found at 19 km from the main dam and all were being used as farm area 

before the beginning of dam construction. Thus, in addition to the cost of transportation of clay 

from all such distances, the cost of compensation paid for the farmer for all identified clay sources 

makes clay core too expensive. Therefore, to reduce such difficulties of clay transportation from 

different scattered sources along with monitoring the induced differential settlement due to week 

foundation and to have fast and weather independent construction progress of the dam, there is a 

need to use asphalt concrete core of uniform thickness of 0.5 m. By using asphalt concrete core 

Arjo Dedessa dam the result of the analysis indicates that seepage that would cover a higher 

percentage of embankment dam failure is reduced into insignificant values, gives good results from 

the perspective of safety, economy, and monitoring induced deformation (Merga, 2019). 

Wolkayite dam: - Dam is located in Ethiopia, is found at about 1115 km from Addis Ababa. The 

maximum height of this dam is about 147 m, a crest length of 717.0 m with an asphalt core 

thickness of 0.5 m. The reservoir inundates about 9,650 ha of land at the normal flood level to 

bound zarema and Dukuko Rivers for irrigation purpose and volume of Asphalt concrete 15 MMC. 

Upstream slope 1: 5 and the downstream slope is, 1: 45. Downstream and transition zone of 

upstream for a width of 1.5 m. All berms are 5 m wide and will be inclined at a 2% slope towards 

the fill. Moreover, an 8m wide berm is provided at elevation 880 m a.s.l on the upstream slope for 

a reason of as a road service during the construction of the main dam on the crust of cofferdam 

and stability of the upstream slope (Bahru, 2014). 

Seepage in embankment dams occurs through the foundation, embankment body or through both 

parts. Although applying a correct set of boundary conditions is vital in obtaining reliable results 

from seepage analyses because of the boundary condition applied for simplification. Seepage 

analysis plays an important role in Earth Rock fill dam engineering. It is required in different 

scenarios such as prediction the amount of seeping discharge from reservoir during normal and 

maximum water level (Mohammed, 2014). 
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Due to rainfall, snow and winds the downstream surface of the dam also erodes. During heavy 

rains, the flowing rain water over the downstream face can erode the surface, creating gullies, 

which could lead to failure. 

2.2.2 Seepage Failures 

More than 30% of embankment dam failures are due to seepage. Seepage always occurs in earth 

dams. It does not harm for stability if it is with in the design limits or controlled in velocity and 

quantity. Seepage occurs through the body of earthen embankment and its foundation. 

Uncontrolled seepage can erode fine soil material from the downstream slope or foundation and 

continue moving towards the upstream slope to form a pipe or cavity to the pond or lake often 

leading to a complete failure of the embankment. Seepage can also cause slope failures by 

saturating the slope material, thereby weakening the adhesive properties of the soils and its 

stability. Burrows or holes created by animals such as the groundhog, woodchuck, or muskrat 

create voids in the embankment or dike, which weaken the structure and may serve as a pathway 

for seepage. Tree roots can provide a smooth surface for seepage to travel along. When trees die, 

their decaying roots may leave passageways for seepage to concentrate in. Pipes through the 

embankment may also provide smooth surfaces for seepage to concentrate along as well. Studying 

the causes of destruction in 200 destroyed embankment dam around the world, about 25% of 

destruction has been due to wash out of the fine granules of the body or the dam foundation (Foster 

and Fell 1999). The major seepage failures are; - 

(i) Piping through the dam body 

When seepage starts moving through poor soils in the body of the dam, small channels are formed 

and which transport fine materials to downstream. As more materials are transported to the 

downstream, it results in gradual formation of drain (pipe) from upstream to downstream through 

which water flows and thus lead to dam fails. 

(ii) Piping through the foundation 

When highly permeable strata of gravel, sand or cavities are present in the foundation of dams, it 

permits heavy seepage of water through it and causing erosion of soil which will result in the 
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part of this increase was due to the construction activity in China. In Quebec, Canada, the first 

ACC dam was built in 2008 and Brazil followed with its first ACC dam in 2010. Due to the good 

experiences and performance of these dams, the height of ACC dams also increased. Major 

milestones were the 95 m high asphalt core at Finstertal dam in Austria, completed in 1980, the 

128 m high Storglomvatn dam in Norway, and the 124.5 m high Yele dam in China. Today, new 

projects approaching a height of 200 m are under design.  One reason for this is that asphalt core 

constructions, when compared with its earth core alternative, can still proceed even during rainy 

or cold weather and take a short construction period. 

In general, the advantage of using asphalt concrete core in dam include Relative flexibility of 

asphalt concrete yielding a greater margin of safety against shear and crack, favorable deformation 

condition, reduced cost in terms of volume of asphalt concrete required, simple and rapid erection 

upon sound construction procedure rules, self-healing capability of potential cracks for leakage 

control, no progressive erosion under gradients action, and effectiveness in allowing the possibility 

of progressive water storage during construction. The asphalt core option disadvantages is an 

experienced sub-contractor and supervision specialist will be required to carry out the asphaltic 

concrete construction works, once constructed, the core is difficult to access for inspection or 

repair, Being in the interior of the dam, the core is incapable of doubling as protection against 

wave action on the upstream face of the dam and, so, for an earth-fill dam, rip-rap or other type 

revetments will be required (Tadesse, 2017). 

2.5.2.1 Clay core dam  

Most commonly, the core is located in the center of the embankment, which has the advantage of 

providing the highest contact pressure at the base of the core and typically leads to a cutoff trench 

located in the center of the dam (Anteneh, 2016). 

An embankment with a wide earth core and wide filters is also a very good option to provide safe 

dam earthquake resistance, especially in cases where fault displacements may take place in the 

dam foundation. But the available earth material is not always homogenous so that it may contain 

high clay contents, and if the dam is to be constructed in a region with heavy precipitation during 

long (or unpredictable) periods of the year, the construction schedule becomes uncertain and the 

core quality control may become difficult due to the stormy weather. As the result, the core 
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2.5.3 Dam zoning 

In most cases, embankment dams are zoned to use as much material as possible from required 

excavation, from borrow areas with the shortest haul distances and the least wastage, at the same 

time maintain stability, and control seepage (Szostak et al., 2004). 

Earth - rock fill with central clay core 

The different zones for the central clay Core Earth- Rock fill dam is: 

Zone 1- Clay core: - Clay cores are especially used as dense cores in embankment dams. They 

are mainly designed in areas where natural impermeable materials of sufficiently good quality 

(Alemayehu, 2016).  

These dams feature an outer embankment of earth or rock fill supporting a thin dense wall of clay 

core as the water barrier. Therefore, in Megech earth- rock fill dam, which takes the minimum 

width of 3m that can abstain seepage problem that would cover a higher percentage of embankment 

dam failure. 

Zone 2 - Filter- transition: - It is provided between the core (clay) and shell to prevent the 

migration of the core material into the pores of the shell material and piping. It is particularly 

needed between clay cores and gravel shells.  The objective of the transition filter is to carry away 

seepage that has passed through the core and cut-off and to prevent stratum of the upper part of 

the downstream shell as well as to prevent the movement of materials to the reservoir during 

sudden drawback of the water. Transition material can be classified as a fine filter material and 

coarse filter material. Fine Filter material is finer than coarse filter material and placed between 

the core (clay) and coarse material to prevent the movement of clay to the shell since the size of 

the fine material is closer to the clay. The size of coarse material also closer to the size of the shell 

and prevents the movement of fine material (WWDSE,2009). 

This material, at direct contact with the core for a width of 1.5 m, obtained as natural alluvial 

gravel or crushed rock, is well-graded sand and gravel to be compacted simultaneously with the 

clay core in 0.20 m thick layers. If the transition zone of a dam up to 100 m height should have a 

transition zone width of 1.3 to 2.0 m.  
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seepage through the dam embankment. Dams section may be homogeneous, zoned, with 

impermeable core, or with asphalt or cement concrete face. Zoned part is made of relatively 

finer material that reduces seepage flow, e.g., Clay Core is made of clay, concrete, asphalt 

concrete (Tadesse, 2017). 

   C)  Earth-fill-rock fill or Earth-rock Fill dams.  

Earth-rock fill dam is a type of Zoned dams constructed with a central impervious core flanked by 

more pervious material known as shells and rocks. These pervious zones or shells, rocks are 

support and protect the impervious core; the upstream pervious zone affords stability against rapid 

drawdown; and the downstream pervious zone acts as a drain to control seepage and lower the 

phreatic surface. The maximum width of the impervious zone is controlled by stability, seepage 

criteria, and by the availability of materials (WWDSE, 2009). 

These types of dams are made of mix of large proportions of earth-fill and rock fill materials. An 

outer layer of rock fill and an inner earth fill shouldering an impervious core. The core will be 

protected by fine filter/transition and coarse filter/drainage zones (2 layers). An inner transition 

zone will also be provided between the earth fill shell and clay fill. 

2.5.4 Embankment Dam Materials 

Now a day locally available material governs the type of embankment dam. If the site is dominated 

by only one type of material (soil), the design will consist of a homogeneous embankment. If it is 

impervious soil, a homogeneous embankment with only small amount of pervious material to 

control the internal erosion will be selected. If it is pervious material (sand or gravel), a dam with 

a very thin core may be used where enough impervious material is available to make a core; 

otherwise, an impervious facing may be constructed. In homogeneous fill dams the slopes are 

flattened, which contributes to the seepage control by descending the velocity of the percolating 

water. These dams are often of low to moderate height, otherwise their construction would be 

unduly complicated (Cendergren, 1977). For the case where varied material is available at the site, 

a zoned dam selected. This type of dam composed of several zones that increase in permeability 

from the core towards the outer slopes. The number of zones depends on the availability and the 

type of borrow material. Stability of zonal dam is mostly due to the weight of the heavy outer zone. 

Zones of lower permeability can be formed in homogeneous embankment by using either more 
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foundation, and abutments as a unit. They may form a complicated structure through which 

seepage occurs at the embankment and its foundation. This can make precise detection and 

remedial control difficult. Measure action may range from continued or additional monitoring to 

rebuilding or abandonment of the dam. Most of the remedies can be adapted to embankment dams 

are listed below. 

1)  Monitoring 

In all cases, monitoring seepage is essential, and in some instances may be the only action 

necessary. Monitoring seepage and seepage control measures can lead to a rational conclusion with 

a minimum of expenditure. The most common and easiest monitoring is simply to rely on visual 

observations and inspections at various intervals and reservoir elevations. Periodic photographing 

and videotaping of potential distressed areas can provide valuable documentation. If the latter 

monitoring methods are used, it is vital that the camera always be in the same position to permit 

easy interpretation. If not already accomplished during construction, a common recommendation 

may be to install instrumentation such as piezometers, observation wells, and seepage collection 

systems to determine more definite patterns of seepage behavior. Review the data on a regular 

basis to detect any major seepage changes and long-range trends. If monitoring indicates that a 

potentially dangerous seepage problem may exist, consider permanent structural or regulatory 

measures (i.e., permanent reservoir level restriction). If monitoring is selected as a remedial 

measure, it may also be desirable to consider automated instruments with predetermined criteria 

or values to flag undesirable behavior. 

2)  Lowering the Reservoir 

The most direct method to reduce or stop seepage is to lower the reservoir and restrict the reservoir 

level. Lowering and restriction of the reservoir level may not, however, be an acceptable 

permanent solution. Flood inflows may cause the reservoir to rise above restricted levels, and the 

benefits of the project will probably be greatly diminished or lost altogether. If this alternative is 

selected, care should be taken to lower the reservoir at such a rate so as to prevent possible flooding 

downstream and also to reduce the risk of an upstream slope failure from rapid drawdown. 
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competent upstream blanket exists, the trench may be tied to the blanket or it may be placed 

through the dam and tied to the impervious core. 

5) Upstream Impervious Blankets 

An impervious blanket immediately upstream of a dam can be used to seal the reservoir bottom 

and sides and thereby reduce seepage quantities and pressures beneath a dam. If the dam contains 

a permeable shell, the impervious blanket must be extended up the embankment slope to 

effectively control the seepage problem. If it is determined that sealing of the reservoir bottom and 

sides immediately upstream of the embankment will be useful in reducing undesirable seepage 

quantities and pressures beneath the embankment, an upstream impervious blanket may be 

employed. If successful and economically feasible, this is one of the most efficient measures since 

the source of water is controlled upstream of the embankment and its foundation. Fine grained 

materials placed on the upstream embankment slope may be removed during drawdown because 

of low saturated strength and high saturated weight. If seepage can also go through the upstream 

portion of the embankment and then into the foundation an upstream blanket will be less effective 

and another remedy may be necessary. 

6) Downstream Berm 

A downstream berm can be used as a remedial treatment against seepage forces and uplift pressures 

on the downstream face of the dam. A berm may prevent blowout by increasing the overlying 

weight sufficiently to resist the uplift pressures. If the berm is of low permeability, the seepage 

will be forced to exit further downstream. The design of a pervious berm should ensure there is no 

upward migration of fine particles from the foundation. This implies filter compatibility between 

the berm and the foundation. An added advantage of a downstream berm is to increase slope 

stability because of the additional resistance to sliding provided by the berm. In some cases, it may 

be necessary to add on to the downstream side of the dam using impervious elements, filter and 

drainage chimneys and blankets, and an outer stability shell. 

7) Giving Drainage System 

Drainage can also be used as a treatment to control seepage. Generally, the work can be performed 

from the downstream side of the dam. Seepage emerging on or at the toe of the downstream slope 
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soil types in a dam. Embankment soils with the highest permeability generally control the results 

of seepage analyses. The greatest emphasis should be on estimation of the pervious layers at any 

site. The impervious materials (such as clay layers or embankment cores) will typically have 

permeability values that are orders of magnitude lower and, thus, may not require highly accurate 

values (Teferra, 2015). 

2.6.3 Boundary conditions 

Boundaries conditions must be properly selected and best represent the site Condition and it define 

the limits and conditions of flow in the cross-section being analyzed and include an impervious 

layer in the foundation below which no seepage is expected to occur, the entrance face for seepage, 

and the exit face. One must also define whether boundaries are fixed or transient (Habtom, 2016). 

Defining the boundary conditions is a key part of any seepage analysis and should be carefully 

considered while perform the analysis. The effect of seepage problems, the boundary conditions 

are in terms of total head or its gradient in a direction normal to the boundary and typical boundary 

conditions for embankment dam and foundation problems. 

Entrance Surface: The upstream boundary surface is the entrance surface at which the percolation 

of reservoir water through the media starts. This surface is considered as an equipotential line, 

which is known as Dirichlet Condition Elshemy (2002).   

Phreatic Surface: The boundary surface is the phreatic surface of the flow through the dam. This 

boundary is considered as a streamline. The phreatic surface, although it is considered as a 

boundary condition, its location and its profile are unknown a priori. 

Exit Surface (Seepage surface): The boundary surface is the exit surface or seepage surface. This 

boundary is considered as an isobar at which the pressure along it is atmospheric, hence, the 

boundary condition along such a surface. 

Dam Foundation Boundary: The boundary surface is the dam foundation boundary, which is 

also known as Neumann Condition (Elshemy, 2002). In the study of Megech earth rock fill dam, 

this boundary is assumed to be impervious i.e., this surface prevents the flow of water across it. 
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handled with ease using the finite element method. A complicated domain can be sub-divided into 

a series of smaller regions in which the differential equations are approximately solved. 

Currently, finite element methods giving the constraints and deformations within the formations 

constitute the subsoil. For that purpose, it is necessary to know the behavior law of the considered 

formations; then, the volume of ground is divided into simple geometric elements, each element 

being subjected to the action of the close elements (Serra, 2013) 

2.7.2.2 SEEP/W 

SEEP/W is the primary seepage analysis program now used by the Geotechnical Engineering 

groups. Part of the Geo-Studio suite of engineering analysis applications, SEEP/W is a 2-D, finite 

element software program for analyzing the quantity of seeped water, ground water and excess 

pore-water pressure dissipation problems in a porous media. The SEEP/W program enables the 

analyses ranging from simple, saturated, steady state problems to sophisticated, saturated and 

unsaturated, time dependent problems. 

2.8.2.3 FLAC 

FLAC is a Fast Laagrngian2-D, explicit finite difference program that can model a number of 

different engineering applications. It is most typically used for analysis of seismic deformations 

and for seepage analyses. As a 2-D program, however, there appears to be little benefit in using it 

over a simpler program like SEEP/W. 

FLAC may be useful in modeling pore pressure effects on stability of an embankment.  

2.8.2.4 FRACMAN 

FRACMAN is a program that models fracture networks in rock and permits the simulation of flow 

through fractured bedrock, as opposed to equivalent porous media models. Obviously, a lot of 

geologic information is required in order to develop a reasonable model of the fractured/jointed 

bedrock system.  

2.8.2.5 FRACK 

The approach to modeling flow through a fractured rock foundation is with the program FRACK. 

FRACK is a fractured media freeware flow and solute transport suite currently under development 

that is intended to serve as a preprocessor to MODFLOW when modeling flow through fractured 

media. The program can model both 2-D and 3-D fracture networks and based on a fracture 
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continuum method that closely approximates solutions to discrete fracture networks (DFN) by 

mapping fractures onto a computationally efficient finite difference grid. The use of the grid allows 

for the solution of both matrix and fracture flow by the standard porous media flow simulator. 

2.8.2.6 MOD FLOW 

MODFLOW has been used particularly for the design of dewatering and unwavering systems. This 

program is widely used for evaluating 3-D ground water flow and contaminant transport 

simulations, in addition to well performance. 

2.8.2.7 Boundary Integral Equation (BIE) 

The boundary element method will be used for solving seepage related boundary value problems. 

It is an effective, efficient, and accurate method compared to other numerical methods and only 

the boundary of the flow region is discredited; thus a 2-D problem is reduced to a 1-D problem. 

The computer programs BIE2DCP and BIE2DCS are available for seepage analysis in zoned 

anisotropic medium. 

2.9 Comparison of Seepage Analysis by Graphical solution and Numerical methods 

The seepage analysis of a dam is essential for evaluation of quantity of seeping, locating the 

phreatic surfaces within the embankment, pore pressure distribution and locating the seepage phase 

especially by using numerical techniques; by doing this one can analyze seepage amount and make 

its comparison under different conditions and the effect of core and other factors can also be 

investigated (Quanshu et al., 2010). 

The most suitable among alternative methods emphasis will base on the seepage quantity, 

parameter involved in consideration and compatibility with the geological conditions, which might 

cause a little differential settlement across the Dam. 

The graphical method requires a long procedure of plotting, is time consuming, and subjected to 

personal skills, finally by considering the above-mentioned aspects comparing the numerical 

seepage analysis with graphical solution for seepage analysis will be done. 
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3. MATERIALS AND METHODS 

3.1 Description of the study area 

3.1.1 Location 
Megech Earth Rock Fill Dam is located on the Megech River, on the northern side of Lake Tana 

Sub-Basin in North Gondar Zone of Amhara National Regional State (Fig.3.1). The dam axis is 

located in between the two prominent hills forming the left (E 332994.44 N 1382165.72) and right 

(E 332490.27 N 1382867.18) abutments. The left and right abutments rise to an elevation higher 

than 1965 m. The river bed at the center of the dam axis (in UTM) is E = 332646 m and N= 

1382648 m with an elevation of 1877 m. The dam site is known by broad and flat flood plains and 

the right abutment of the dam is characterized by steeper slope with slope angle of 28° whereas 

the left abutment is of milder slope with a slope angle of 8°. 

The dam site is situated southeast of Azezo and Tewodros Air Port about 3 km to the right of 

Gondar-Bahir Dar main road and Megech River crossing (WWDSE,2009).  

 

Figure 3.1: Location of Study area 
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3.1.2 Climate 

The climate of the Megech dam is marked by a rainy season from May to October, with monthly 

rainfall varying from 67 mm in October to 306 mm in July. Mean annual precipitation is about 

1,100 mm in the upper part and about 1,000 mm in the lower part. Temperature variations 

throughout the year are minor. Maximum temperatures vary from 23 ºC in July to 30 ºC in March, 

whereas minimum temperatures range from 11.5 ºC in January to 15.6 ºC in April &May. 

Humidity varies between 39% in March and 79% in August. Wind speed is low, thus minimizing 

potential evapotranspiration values between 101 mm/month in July and 149 mm/month in March. 

Sunshine duration is reduced to 4.2 hours during June and 4.9 hours during July (WWDSE, 2009). 

3.1.3 Geology 

The regional geology around the Megech dam site indicates that the major rocks of the region are 

members of the Tarmaber Basalt series that overlay the Ashangi basalt series rocks. The Ashangi 

basalts are Oligocene to Miocene in age and are composed of mainly basaltic flows with scarce 

tuffs. Deep weathering is characteristic of the series, whereas the Tarmaber series rocks include 

porphyritic basalts, tuffs, ashes and paleo soils. Different types of basalt, a minor tuff, a 

consolidated pale soil and recent soil cover dominate the geology of the Megech reservoir basin.   

The recent alluvial soil is deposited along the river's flood plain.  A thick soil is developed over 

the rocks of the reservoir basin. Hence, the reservoir might be watertight. In addition to this, the 

reservoir area will be water tight from the progressively deposited clay material. The major 

structures in the area are mainly joints, fractures and minor faults. The general slope in the reservoir 

areas of the dams vary between 15 to 40 degrees. These steep slopes with jointed and friable rock 

mass close to the Megech dam axis are potentially unstable, especially if water waves are generated 

by either wind blowing across the reservoir, or by some exceptional incidents like earthquakes 

(WWDSE,2009).   

3.1.4 Topography of the Study Area 

The topography of the area was known by developments of few shallow seated gullies at the 

reservoir catchments attributed to rill and gully erosion. The peak topography in the area is located 

at Adere Diba Hill, which is at an altitude of 2026 m to the North East of the dam. The Megech 

watershed is characterized as a mountainous, wedge-shaped and steep-sloped (3.2%) watershed. 

The highest elevation of the watershed is 2,991 m above mean sea level, in its northeastern part. 
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The lowest topography land is at the dam site, which is at an altitude of 1877 m which is the 

elevation of river bed occurred at the dam site (WWDSE,2009).  

3.2 Data collection for case study 

When the analysis seepage was done before conducting of any works, it is necessary to make a 

threatening search for the data. Therefore, the primary assignment of the study was getting relevant 

information from different sources, setting required data and data of the study area. There are two 

types of necessary data that has been collected by using different data gathering techniques. 

3.2.1 Primary data 

To cover the methodology, conducting fieldwork is required to collect available data. Primary data 

related to observation and practical field visiting have been carried out and data and information 

have been collected directly by the investigator for a specific purpose. 

Visual understanding about the site by assessing the current condition of the seepage were some 

of the data collected during the analysis. 

Interviewing of the resident engineers, site engineers and hydro geologists of the dam and dwellers 

around the area of the dam sites are used as first data or primary data sources for this thesis works. 

  

Figure 3.2: Right side of Main Dam                         

                                                                                    Figure 3.3: D/s seepage during construction 
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Figure 3.4: U/S and D/S Photo of Megech Earth-Rock fill Dam during construction period 

. 

3.2.1.1 Soil sampling 

The purpose of the sampling was to obtain samples for laboratory investigations. These 

investigations were carried out to characterize the materials. For the laboratory investigation, the 

alternative core, shell and filter of the Megech dam (disturbed and undistributed) soil samples were 

collected from the site and the body of the dam. 

Core soil sample: The particle size is less than 0.002 mm and the disturbed soil sample was 

collected from upstream of the dam at the reservoir area, which is used to determine compaction, 

specific gravity, and soil unit weight of embankment core materials. 

Fine filter material soil sample: It is a fine-grained soil, with particle size between 0.002 mm 

and 0.075 mm and the disturbed soil sample was collected from Balsa and Sanja which is used to 

determine compaction, specific gravity, and soil unit weight of embankment core materials. 

Course filter material soil sample: large size particles in the range from 4.75mm to 80 mm. The 

disturbed soil sample was collected from Balsa and Sanja and which is used to determine 

compaction, specific gravity, and soil unit weight of embankment materials. 








































































































