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Today’s modern modeling methods enable us to use efficient computer simulations for checking, design 
and maintenance work. István Völgyesi’s article published in 2008 gave a nice example for dam simulations 
using the finite difference MODFLOW [5] module. In order to use effectively the modeling approach, one 
has to know the hydrodinamical and hydraulical features of water leaking through the dam as well as 
the geometrical parameters of the investigated dams.  

Völgyesi [5] used the Processing Modflow computer program to give the hydraulical and flow behavior 
of dams, while in our case the Groundwater Modeling System program package with the finite element 
SEEP2D module was applied for computer modeling to examine three typical flood protection dams 
(all on the area of the North-Hungarian Environmental and Water Authority) as well as a reservoir dam 
(the dam of Lázbérc reservoir). At the Lázbérc dam there were measurements of leakage yields, so we had 
the opportunity to compare the results on simulated and the actual field data.  

 
The importance of flood defences, leakage through the flood defence 

 
Most of the main flood protection dams are made of earth in Hungary. What we can see nowadays 

of our flood defences is the result of many constructional phases. According to the changing pattern 
of floodwater there have been developments in the cross section of flood protection dams. Thanks to these 
changes the internal structure of these flood defences are very varied [6].  

The rising floodwater -due to the mounting water pressure - tries to get into the flood defence 
and to the subsoil. Since there is no absolute watertight soil, the pores of the material of the flood defence 
is filled with water up to a certain level and moves towards the defended side. It happens sooner or later, 
it is only a matter of time. There are several analytical calculation methods for determining the upper level 
of leaking water in the case of homogenous flood defences but it is well known that homogenous flood 
defences are very rare in real life situations [7]. 

Analytical leakage calculations of inhomogenous flood defences also exist [8]. However these methods 
are rarely applicable in practice and they are full of mistakes.  

Leakage at the bottom and at the layers is a typical phenomenon of layered dams, which is a result 
of inhomogenity. Leakage is a naturally occurring process so it happens sooner or later in any case. But it has 
no significance in terms of durability if there is a short flood, if the material of the dam is quite watertight, 
or if there is a back-dam made of suitable granular material [8]. It starts to become dangerous if the whole 
cross section of the dam gets fully saturated and leaking water appears on the defended side and the whole 
dam is soaking wet. 

 
The analytical and numerical methods for dam leakage determination    

 
Analytical calculation methods 
Leakage determination along the dams, flood protection dams and other man-made objects is very 

important. If there is a doubt about the durability of a dam in terms of natural causes or risks, it is a vital 
question. To determine and measure leakage there are several ways but there is no absolutely perfect solution 
to these hydraulic problems. 

During the investigations we examined the leakage of dams and subsoil separately, the way 
as if the bottom of the flood protection dam was made up of watertight rock. We assumed the body 
of the flood defence as homogenous and the following analytical methods were used to compare the results 
of the following simulations.  
• the Casagrande method [9];  
• a modified Casagrande-Kozeny approach [10];  
• and the Pavlovszky method [11].  

 
We also compared the obtained results of these analytical methods with the numerical ones of the GMS 

SEEP2D module.   
 

Numeric method: The Groundwater Modeling System (GMS) program package  
 

The SEEP2D module of the Groundwater Modeling System (GMS) package can be used effectively 
to clarify 2 dimensional unconfined and confined leakage problems [12]. The SEEP2D module of the GMS 
program package uses two-dimensional triangular shaped finite units. The shape and the size of a single unit 
can be optional even within the same system. Of course the increase of the number of units can yield 
increased computational time. 

In the SEEP2D module, there are two possibilities to solve unconfined leakage problems. One 
possibility is when the solution is calculated only for the saturated zone and the modeled area is distorted up 
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typical of clay (Tab. 1). We started with the smallest hydraulic conductivity. Based on this value, we got a q 
(specific yield) value then by multiplying it with the whole length of the dam (250 meters), we determined 
the Q (yield for a day). We compared it (Fig. 3.) to a given trendline (the value of this - Qh=49.89 m3/d) 
of the real system. 

Based on the obtained result, it was concluded that the value we had used is lower than the volume 
of leakage measured on site. As a result of this, it seemed necessary to choose a higher value for hydraulic 
conductivity.  

As a next step, we chose a new hydraulic conductivity value 
to be two order bigger than the previous one (Tab. 1). Then 
we determined the value of Q as it was mentioned above 
(Q=56.42 m3/d). In this case wegot a higher value compared 
to the trendline so in the end we registered a middle value for k.  This 
value represented the real conditions most so we are going to deal 
with this case in the following.  

To avoid any listing of unnecessary data, we are not going 
to detail how the calculations were made. In the following tables 
the details of the registered and calculated figures are summarized. 

 
Tab. 1.  The counts of relative yield 'q', yield 'Q' and exit length 'a'. 

  
Q 

 [m3/(mּd)] 
Q 

 [m3/d] 
a 

 [m] 

1. case 0.0023   0.575 21.94 

2. case 0.2257 56.425 21.94 

3. case 0.1996 49.9   21 

 
 
Calculation details of flood protection embankments/ dams along the Tisa and Bodrog rivers 

 
Based on the data received from the Department of Flood Protection and Water Regulation 

of the Northern-Hungarian Nature Conservation and Water Inspectorate, three typical structural 
embankments/dams (two of them were the right side of the River Tisa, one of them was the left side 
of the River Bodrog) were investigated. The basic data concerning the dams are summarized in Tab. 3. 
Knowing the geometrical data of the dams, first the dams were put into the system. The outlined cross-
sectional area clearly showed the state of the embankment/ flood protection dam before the developments 
and after the developments (Figs. 10 and 11). 

The Water Inspectorate planned to start the static examination of the embankments/dams based 
on experience of former flood data in 2000. Construction plans made for this project were ready in 2003 [14]. 

To calculate and to set up computer modeling we used their data. 
 

Tab. 2.  Basic data of the dam [15]. 

Geometrical properties of the dams 

Description Sign Unit 

Value in the cross section 
 (river [km]) 

Tisa right side 48+400 
(Cigánd) 

Tisa right side 27+351 
(Révleányvár) 

Bodrog left side 28+750 
(Halászhomok) 

Height of bank H m 5.5 4.9 4.5 
Base width of bank B m 50.3 39.1 30.4 
Width of dam crest bk m 6.5 4 4 
Bank slope of water-side ρv  1\3 1\3 1\3,5 
Bank slope of save-sides ρm  1\4 1\3 1\3,7 

Properties of subsurface medium 

Depth of permeable layer d0 m 1 2 2 
Permeability of permeable layer k0 m/d 0.43 0.034 0.086 
Depth of upper layer df m 2,3 ─ 3.,8 
Permeability of upper layer kf m/d 0.000086 ─ 0.000086 
Angle of internal friction of subsurface φa ° 18 18 12 
Cohesion of subsurface ca kN/m2 8 10 40 
Angle of internal friction of bank φt ° 20 16 16 
Cohesion of bank ct kN/m2 20 40 40 
Density of bank (telített) φt kN/m3 20 20 19.5 

Tab. 1.  The assumed hydraulic conductivity 
’k’ values. 

Material’s name 
k  

[m/d] 

core(1) 0.000086 

core(2) 0.00864 

core(3) 0.00764 

drain 20 
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Results of analytical calculations 
 

The most important methods of analytical calculations concerning leakage through flood protection 
dams were reviewed and examined in this section. 

It is worth starting with the evaluation of application possibilities if we want to compare the different 
methods. 

The easiest way for calculation is the modified Casagrande-Kozeny method. A bit more difficult 
calculation approach is the Casagrande method. The most complicated one is the Pavlovszkij method, even 
if we used the well-known simplified approach [16].  

The Casagrande method and the modified Casagrande-Kozeny method gave nearly the same relative 
yield value (q) while the Pavlovszkij method showed some differences compared to the previous ones. Fig. 4 
shows the results of the relative yield value of leakage leaking through the dam of Lázbérc Reservoir based 
on using different methods of calculations. 

 
Fig. 4.  The comparison of the 3 analytical methods to estimate the leakage. 

 
Looking at the results it is clear that the different methods of calculations resulted in a little bit different 

values. Fig. 5 shows the obtained results of calculations concerning different river embankments/ flood 
protection dams. 

 

 
Fig. 5.  The relative yield ’q’ values for the different dams using analytical approaches. 

 
In our opinion, these differences can be explained by the differences in the applied hydraulic 

approximations. 
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• The Fig. 14 describes yields that leak through the whole length of the dam where the horizontal axis 
shows the types of methods. The Q value in the chart was obtained from multiplication of the q relative 
yield and the length of the dam (250) meters so the above mentioned statements can be applied here 
as well.  

 
Fig. 14.  Amount of leaked water along the full dam using all methods. 

 
In the following we compared the results of the investigation of three typical sections of flood protection 

dams. In the chart below similarly to the charts above the vertical axis and the horizontal axis shows the yield 
and the given method. Here the obtained results were different from the ones of the Lázbérc reservoir: 
• In this case the GMS 6.0 - which is the most significant and realistic program - gave the most useful 

data. It is because the variation in the internal structure of the dams can be characterized with the help 
of this program package. 

 
Fig. 15.  Relative yield values. 

 
Fig. 6.  Length of exit in the saved side.
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• Contrary to the previous case (Lázbérc) the Pavlovszkij method doesn’t show obvious similarities with 
the data obtained from computer simulations. The only exception is the case of Révleányvár where 
the results are greatly compatible with the the case at Lázbérc. 

• During the investigation of the section of the dam at Cigánd there is an interesting difference contrary 
to the previous ones - the data received from the GMS 6 programme showed similarities with the data 
received from the other two (Casagrande, Casagrande¬Kozeny) analytical methods.  

• During the calculations at Halászhomok, the results of the three analytical examination completely differ 
from the ones received from the numerical simulations. The simple explanation may be that analytical 
methods cannot take into consideration the variation of the leakage factor. 
 
Finally, we summarized the length of water leaking at the protected side of the dams. (Fig. 16) There 

were similar differences shown here because of the above-mentioned reasons (internal structure) as we have 
seen in the investigated cases before.  

To draw a conclusion, we can determine that the computer program used during the trials was a great 
help to experts, since in the case of  dams with inhomogenous structure or internal structure analytical 
solutions are left behind because of the complicated and awkward calculations and because they cannot 
describe leakage with appropriate certainty. In these cases when there is a need for safe technical 
characteristic the above mentioned computer modeling is indispensible.  
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