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ABSTRACT

In this work theoretical basics of planar flow of water in porous environment will be
given. Principles of numerical modeling by the model of numerical analysis-software
package SEEP/W will be described. Vast majority of practical tasks cannot be solved in a
satisfying way with available analytic results. Solution is in approximate results of
mathematical model by numerical methods. SEEP/W is a numerical model that can
mathematically simulate the real physical process of water flowing through a particulate
medium. Water flow in porous medium consisting of granular material will be taken into
consideration. In this paper, porous medium is homogenous and isotropic. This paper
presents estimation position of filtration line and seepage flow thought the “Mesic” dam for
extreme flood events (1000 year). The main objective of the analysis position of filtration
lines through the dam Mesic is to check filtration stability of the dam and assess the value of
the drain flow on the downstream slope. Valid geomechanical and hydrological data for the
dam and reservoir were used in order to obtain more realistic results.
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1. Introduction

Groundwater flow is an important aspect of soil mechanics. It is obtained in various
geotechnical situations and hydraulic situations which include soil. Basics for water flow
examination in porous environment is presented by Darcy’s experimental work. Based on
this work, Darcy’s law of filtration, which defines free water flow through porous
environment, is taken. Water flow through porous environment considers movement of water
through enbankments and earthen dams, below the object, etc. Filtration line represents the
line of free water surface in the soil. Position of filtration line enables determining weight
and cohesion of all parts of the enbankment, determining the location for drainage and filter,
that is, estimating the filtration flow.

During the flow through porous environment on downstream end, which is often
under the water, processes which could significantly change the flow regime are taking place
[3]. Sufozion is the process of rinsing and ,,removing® the small grains from the porous
environment during the real velocity of flow, which is a long process. Fluidization is the
process of lifting the ground due to difference in piezometric elevations AIL.

Both sufozion and fluidization depend on coefficient of uniformity of grain, n, and on
output gradient I;,;. Experimental research by B.C. Istomina show that the condition defined
by theoretical critical output gradient (<1) is not sufficient to provide stability to porous
environment [6]. Fig. 1 shows diagram of appearance of sufozion and fluidization depending
on coefficient of uniformity of grain and of output gradient.

Experimental points |
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Fig. 1. Diagram of sufozion and fluidization appearance [6]

2. Flow model through porous environment-SEEP/W

Software package SEEP/W has been developed by GEO-SLOPE International Ltd.,
Canada. This software uses the method of finite elements in order to analyze leachete and
groundwater with the change in pore pressure inside the material. Problems which could be
solved by this software range from simple ones of steady flow in saturated mids to time
variable problems in saturated-nonsaturated conditions.

Numerical model is mathematical simulation of the actual physical process. SEEP/W
is the numerical model which mathematically simulates the actual physical process of water
flow through special environment. Numerical modelling is purely mathematical.

SEEP/W numerical model is based on the finite elements method [5]. Method of
finite elements is in significant advantage when compared with other methods while dealing
with irregular areas of flow and sudden change of basic size near certain locations. There are
three main parts of analysis of finite elements. First one is discredization, division of the
domain into smaller areas called elements — SEEP/W model creates a web of finite elements
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by itself. Second part is assessment and determination of material features. Third part is
determination and application of boundary conditions. When determined, the second and
third part are very easily set in the programme. Fig.2 shows the flow beneath the sheet piling
and discredization of flow field in finite elements method. It is taken into account that
significant changes to piezometric elevations are taking place near the sheet piling.

Fig. 2. Discretized flow field under the sheet piling [5]

In finite elements method, greater accuracy is achieved by the usage of smaller
elements in more significant changes of piezometric elevations zone.

3. Methodology

3.1. Main features of the “Mesic” Dam

“Mesic” accumulation dam is built at the km 7+250 from the confluence of the stream
Mesic into Vrsacki channel, immediately upstream from the town of Vrsac. Its role is to
collect and retain water formed on the slopes of Vrsac hill in order to protect urban areas of
Vrsac from flooding. This object is in a category of large dams regarding the volume of
accumulation area for Qg4 which includes over 1 500 000 m>. The dam is located in
Republic operative plan for protection of floods for 2013. It is very important to keep it
functional [2]. The size of the basin area to the dam profile at km 7+250 is 33,20 km’.

The purpose of the dam and reservoir Mesic includes accumulation and
transformation of flood waves. Designed and built earthy dam on the stream Mesic at km
7+250 has homogeneous composition, with maximum height of H=6,68 m. The width of the
dam crown is b = 4,00 m, with inclination of slopes: upstream - m;=2,50; downstream -
m,=2,00 [2]. In order to provide protection from waves, reinforced concrete wall (seawall) is
built with height of 1,00 m at the upstream slope. Prevention of filtration water through the
lens was made by clay-concrete diaphragm. There is a drainage length of 5 m at the
downstream end of the dam.

3.2. Vulnerability of the town of Vrsac from large water of
the stream Mesic

Mesic stream flows below the top Kulmea Mare, runs through the town of Vrsac and
pours into the channel of Vrsac outside of the town. Stream Mesic has a torrential character.
Due to its large slope during rain or snow melting, raising the water level of the stream can
be achieved suddenly, during several hours. The problem of accepting and redirecting of
external water through town of Vrsac is very complex problem especially due to unfavorable
position of the town according to hydrological aspect. Vrsac is placed on slopes of Vrsacki
breg and it is permanently faced with surface water which move along slopes of Vrsacki breg
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and streets due to least rain and move to natural recipients in form of flooding the immediate
town zone and agricultural surfaces near town zone. The problem is more obvious since town
of Vrsac does not have solved rainwater sewerage while existing streams are not all
regulated and connected into integrated protection system in order to redirect internal and
external waters into main recipient — Vrsacki channel [2].

In order to at least partially solve problem of excess water, design of Technical
documentation for protection of town of Vrsac from great water from stream Mesic has been
conducted (company ,,Hidrobiro", Novi Sad, Serbia). According to developed technical
documentation, the earthy dam with accumulation in stream Mesic with following objects
was designed in 1980.

Within regular annually inspection of protecting objects for defense from floods, it is
concluded that concrete plates on the dam crown started to crack and the body of dam started
to slump. Serious damages on crown and slope of the dam were detected, including
numerous horizontal cracks over profiles of earthy body of the dam. It indicated on
appearance of sliding planes. Regarding these information, the main objective of this work is
determining of position of filtration line and the amount of leach water which occurs through
dam Mesic.

3.3 The objective of analysis of filtration line through “Mesic” Dam
and threshold conditions

This work is focused on review of position of filtration line in conditions of thousand-
year great rain in accumulation Mesic in the stream Mesic. The main objective of the
analysis was defined due to possible occurrence on the defended slope of the dam and
possible demolition of the dam. As a result, the values of flow into drain on the downstream
slope will be indicated.

Defining of position of filtration line was conducted using program software SEEP/W
developed by GEO-SLOPE International Ltd., Canada.

As the upstream threshold condition for calculation of filtration line and the amount
of leach water, the current thousand-year rain was used. Its level has the value
Z(1%0)=110,02 m.n.J.m [1].

The drain was used for downstream threshold condition. In the SEEP/W software,
characteristics for drain are used as for the potential line of water appearance through slope
or dam. The dam “Mesic” was modelled as homogenous earthy dam and analyses for two
values of filtration coefficient were conducted: K =10* m/s and K=10" m/s [4]. Values of
filtration coefficients were determined according geomechanical and laboratory samples of
the soil taken from drills from 3 dam profiles, before its construction [1].

4. Results of analysis and discussion

The results of conducted analyses for conditions of thousand-year great water/rain at
the dam Mesic are presented as following.

4.1. Results of analysis for filtration coefficient K=10-8 m/s

The program software SEEP/W created model of the dam with threshold conditions,
geometric properties of the dam and properties of the soil of which the dam was built. In
other words, the filtration coefficient was used. As it can be seen in the model, drainage at
the downstream side of the dam “Mesic” is 5 m long.
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The figure 3 presented the result of analysis of mentioned problem. Position of
filtration line, stream through dam, flow into drain, and equipotential lines were presented.
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Fig. 3. Result of the analysis with equipotential lines for K = 10 m/s

Figures 4 and 5 presented piezometric levels and diagram of the fall of piezometric
level and diagram of change of hydraulic gradient in case of stream through dam “Mesic”.
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Fig. 4. Diagram of a slope of piezometric level - K =10 m/s
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Fig. 5. Diagram of a change of hydraulic gradient - K = 10® m/s
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4.2. Results of analysis for the value of filtration coefficient K=10" m/s

Hydraulic model of dam “Mesic” was formed in identical way like in previous case,
while the only difference lies in properties of the soil from which the dam is built, i.e.
filtration coefficient. The figure 6 presented the result of analysis of mentioned problem,
position of filtration line, stream through dam, flow into drain, including equipotential lines.
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Fig.6. Result of analysis with equipotential lines for K = 10"° m/s

Figures 7 and 8 presented piezometric levels, diagram of the fall of piezometric level
and diagram of the change of hydraulic gradient in case of flow through dam “Mesic”.
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4. Conclusion

The use of software tool such as SEEP/W indicated that traditional current networks
are no longer necessary. SEEP/W provides all information which could be provided from
energy/current network which helps in development of analysis of several different
problems. Also, performing of SEEP/W analysis is easier than development of energy
network. This work presented the hydraulic modelling of flow through dam “Mesic” and
analysis of filtration line. The problem of water flow through dam “Mesic” is solved by
student version of SEEP/W software. The limited version of software can obtain position of
filtration line, amounts of filtrate water, hydraulic gradient, power grid etc. in very simple
and fast way.

In case of model of dam “Mesic”, for which the value of filtration coefficient is 10
mY/s, it concluded that great influence on decreasing of level of filtration line can be provided
by concrete lens at the upstream slope. The value of flow into drain is Q = 1,53-10” m’/s. For
this model, where the value of filtration coefficient is 10™ m/s, it is concluded that great
influence in decreasing of filtration line had a concrete lens at the upstream slope. The value
of flow into drain in this case is Q = 1,53-10" m’/s. As a conclusion, there is a fact that for
both analysed case (for two values of filtration coefficient) there is no danger of suphosion
and fluidization occurrence in the body of the dam. Slightly larger value of hydraulic
coefficient at the entrance into drainage on downstream slope is not dangerous.

Possibilities of limited student version are wide and therefore numerical tool SEEP/W
is very good for solving of different problems of water streaming through porous
environment.
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AHAJIM3 HA ITOJIOKEHUETO HA JEINTPECUOHHATA KPUBA U
OUJITPALUATA IIPE3 A30BUPHA CTEHA ,MEIINY“ C
IHOMOIITA HA CO®TYEPEH IPOAYKT SEEP/W

B. Masi¢!, G. Jefteni¢?, Sr. Kolakovié®,
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Kniouosu oymu: uucneno mooenupane, SEEP/W, meuenus npes nopvo3ua cpecoa,
A308UpHa cmena u ezepo “Mesic”

Hayuna o6nacm: xuopomexnuyecko cmpoumencmeo

PE3IOME

HacrosimmaTta cratust npencTaBs ONpelelssHE Ha IOJIOKEHHETO Ha JeNpecHOHHAaTa
TUHUS U QunTpanuaTa mpes s30BHpHA CTeHa ,,Mesic” 3a eKCTpeMHa BUCOKA BBIIHA (C BEpPOST-
HOCT 3a npeBulieHne Beabx Ha 1000 rogunn). [lenta Ha aHanM3a Ha IeNpecCHOHHATa KPUBa
B TSUIOTO HA SI30BHpHATA CTEHA ,,Mesic” e MpoBepKa yCTOWYMBOCTTA HA HACHIIA M OLEHKA HA
(UNTPAIMOHHOTO BOJAHO KOJUYECTBO, KOETO NPEMHHABA 10 BB3IYNIHUS OTKOC. AKTyalHU
TEOTEeXHUUYECKH M XUAPOJOXKKH JAaHHM ca H3MON3BaHH IPU MOJENHpaHe Ha CTeHaTa M
€3epoTo C IIeN MOoJNTydYaBaHe Ha JOCTOBEPHM Pe3yNTaTH. B moxiana me ObIaT mpeacTaBeHH
TEOPETUYHUTE OCHOBU Ha (QUATpalXs B paBHUHHU ycJIOBH. OCHOBHUTE NPUHLMIIN Ha MaTe-
MaTHYECKOTO MOJIENIIpaHe e ObJaT MpeICcTaBeHn Ha 06a3za copTyepHUs MakeT 3a (QuiITpa-
uuonen ananuz SEEP/W. SEEP/W e uuciieH mMozen, KOHTO CUMYJIUpPa peaTHuTe QU3HIHH
npolecH Ha (QUITpanys Ha BoJa B HEXOMOTEHHA cpema. ['omsiMa dacT OT MpaKTHYECKHTE
3aJayd He MOraT Ja ObJaT pelleHd 3aJ0BOJUTETHO MOCPEACTBOM HAIWYHUTE aHAIUTHYHH
Mmertomu. J1o6po mpuOIIKeHne JaBaT MaTeMaTHYECKUTe MOJIEIH, Oa3upaHu Ha YUCICHH Me-
Tonu. OUATPALMOHHUAT MOTOK 11e ObIe pas3riiefal 3a ciyyail Ha MOphO3HA Cpefa, ChCTaBe-
Ha OT HECBBP3aH MarepHal. B HacTosmara myOnuKanus € IpHeTa XOMOT€HHa M30TPOITHA
[IOpPbO3HA cpeJia.
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