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NOVE NUMERICKE METODY

PRE MATEMATICKE MODELOVANIE PRENOSU ZNECISTENIA

THE NEW NUMERICAL METHODS

FOR MATHEMATICAL MODELLING OF POLLUTANT TRANSPORT

Cldnok sa zaoberd riesenim riadiacej rovnice prenosu v nasyte-
nej zone pomocou metody ndhodnej prechddzky a metody DR
v spojeni s metodou hranicnych prvkov. Metéda hranicnych prvkov
ddva spojité pole rychlosti ktoré sa pouZiva pre riesenie rovnice

prenosu v obidvoch metédach. Takéto modely mozu iicinne simulovat

problémy znecistenia podzemnej vody.

Uvod

Modely prenosu sa zaCali pouzivat ako uéinny nastroj pre
predpoved prenosu znecistenia v podzemej vode. Napriek tomu,
Ze dodnes bol vyvinuty a publikovany v literatire cely rad nume-
rickych modelov, ani jeden nie je celkom bezchybny. Modely,
ktoré priamo riesia rovnicu prenosu znecistenia, podliehaju nume-
rickej disperzii alebo oscilaciam, predovsetkym vtedy, ked' je kon-
vekéna zlozka prenosu dominantna, t. j. pre vysoké Pecletove
Cisla. Tento problém sa mozZe rieSif pomocou Casticovych metod
(Kinzelbach, 1988). Tieto Casticové metody su sice velmi uZzi-
tocné, ale tieZ maju niekol’ko nevyhod, spojenych hlavne s niekto-
rymi okrajovymi podmienkami. Niektoré nové metody pre priame
rieSenie tiez vyzeraju slubne. Je to metdda dvojnej reciprocity (DR
metoda) v spojeni s metodou hraniénych prvkov. Zakladna mys-
lienka metody je detailne opisana v (Partridge et al, 1992).
Povodne bola tato metoda odvodena pre rieSenie prenosu tepla
v strojarstve, ale moZe sa po niektorych tupravach velmi jednodu-
cho pouzit aj pre prenos znecistenia.

Zakladné rovnice

Riadiaca rovnica prenosu latky je rovnica hydrodynamickej
disperzie (pozrite tiez Bear, 1972)
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This paper deals with a solution of the transport governing
equation in the saturated zone by the random-walk and DR method
connected with the boundary element method. The boundary
element’s solution produces a continuous velocity field which is used to
solve the transport equation by both methods. These models can be
effectively used to simulate groundwater contamination problems.

Introduction

Transport models have been adopted as tools for the predic-
tion of pollutant transport in groundwater. Although a number of
numerical models have in recent years been developed and report-
ed in the literature, none of them are flawless. Models that directly
solved the equation of pollutant transport are subject to numerical
dispersion or oscillations, particularly when the advective part of
mass transport is dominant, i.e. for high Peclet’s numbers. This
problem can be solved using the particle-tracking methods
(Kinzelbach, 1988). The particle tracking methods are very useful
but they also have some disadvantages connected mainly with the
specific boundary conditions. A new method of direct solution
appeared and it shows promise. It is the dual-reciprocity method
(DRM) connected with the boundary element method. The basic
idea of this method has been described in detail (Partridge et al,
1992). This method has been developed to solve the thermal con-
vection in mechanical engineering but it can al so be very easily
applied to the solution of the pollution transport.

Basic equations

The governing equation of pollutant transport is the equation
of hydrodynamic dispersion (see e.g.Bear, 1972)
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kde D; su koeficienty hydrodynamickej dispersie, C je koncen-
tracia latky, v je porova rychlost prudenia a R je retar-
dacny faktor (v pripade linearnej sorpcie).

Pole rychlosti sa moze vypocitat pomocou hydraulického
modelu. Pre rieSenie riadiacej diferencialnej rovnice ustaleného
prudenia podzemnej vody v rovine (rov. 2) sa pouzila metoda hra-
ni¢nych prvkov.

Rovnica ma tvar
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kde ® je tlakova vyska (potencial prudenia) a T,, T, su koefi-
cienty prieto¢nosti v smere x, y a Q je vydatnost zdrojov
v oblasti. Okrajové podmienky mozu byt

o Dirichletova podmienka & = &, na casti I, hranice,

o Neumanova podmienka 0®/dv = ¢, na Casti I, hranice, kde v
je jednotkovy vektor vonkajSej normaly,

o Cauchyho podmienka 0®/dv = f{®) na Casti I'; hranice.

RieSenie rov. (2) metédou hrani¢nych prvkov dava &
a 0®/dv v prvkoch na hranici oblasti. Hodnoty porovej rychlosti
v lubovolnom bode vo vnutri oblasti sa mézu vypocitat pomocou
vztahu

K, oD+ N
V.= —n—f[l_zl q;frjydf/—; h;

kde K, je sucinitel filtracie, ®* je fundamentalne rieSenie, 7,
je ucinna porovitost a N je pocet okrajovych uzlov.
Obdobna rovnica plati aj pre rychlost v smere osi y.
Fundamentalne rieSenie pre Laplaceovu rovnicu pre
rovinnu tlohu mozeme pisat v tvare

_27Tn r “)

Metoda nahodnej prechadzky

Pre rieSenie rov. (1) pouZijeme teraz metdédu nahodnej pre-
chadzky. Zakladny predpoklad metddy spociva v tom, Ze rozdele-
nie koncentracie latky modZe byt nahradené rozdelenim
konecného poctu Castic. Kazda tato Castica je nositel'kou urcitého
mnoZstva latky, ktoré sa moze v Case menif (napr. pdsobenim
rozpadu). Pocet Castic musi byt dostatocne vysoky, aby metoda
konvergovala k presnému rieSenim rov. (1). Mechanizmus prenosu
pozostava z dvoch Casti, a to z konvektivnej a disperznej zlozky.

where D are the coefficients of hydrodynamical dispersion, C'is
the concentration of pollutant, v is the pore velocity
and R is the retardation factor (in case of linear
adsorption).

The velocity field of groundwater can be computed by
a hydraulical model. The boundary element method has been
used to solve the governing differential equation of two
dimensional horizontal steady groundwater flow
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where & is the pressure head and T,, T, are the coefficients of
transmissivity in the direction x, y and Q is discharge
of wells inside the domain. The boundary conditions
to this problems are of the following types

o the Dirichlet’s condition & = &, on the I'; part,

o the Neumann’s condition d®/dv = g, on the I, part of boun-
dary, where v is the normal outward unit vector,

o the Cauchy’s condition d®/dv = {P) on the I'; part of boun-
dary.

Solution of the eq. (2) by the BEM gives the values of ® and
0®/dv along the boundary. Now the pore-water velocities
distribution inside the domain can be computed as
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where K, is the coefficient of hydraulic conductivity, ®* is the
fundamental solution, n,,is the effective porosity and
N is the number of boundary nodes. A similar equation
is obtained for the velocities in the y-direction. The fun-
damental solution for the 2D steady flow can be
written as

CI)*_LI l 4
_2’7Tn r “)

Random-walk method

Now we use the random-walk method to solve eq.(1). The
basic assumption of the random-walk model is that the
distribution of the concentration of pollutants may be represented
by a distribution of finite number of particles. A certain mass is
assigned to each of these particles which may vary with time (e.g.
decay). The number of particles must be sufficiently high to
approximate the exact solution of the eq.(1). The mechanism of
mass transport consists of two parts, the advective transport and
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Konvektivny prenos sa simuluje pohybom ¢astice v smere prude-

nia podzemnej vody v danom bode, disperzna zlozka je zalozena

na posunuti podla pravdepodobnostnej funkcie. Vysledkom tohto

pristupu je normalne rozdelenie ¢astic. Standardna odchylka roz-

delenia je

o, =V2.D,.t or=V2.Dpnt (5)

kde D,, Dy su koeficienty pozdiznej a prieénej disperzie. Nova
poloha Castic sa potom moZe urcit zo vztahu
(Kinzelbach, 1988)

Vs v
X=xy+ ALV, + 7 Ao+ 7./\2.0'7
(6)

Y, Ve
¥ =0+ ALV, 2 Aoy + oy

kde V' je velkost vektoru porovej rychlosti, A, A, si ndhodné ¢isla
podla normalneho rozdelenia s priemerom nula a Standard-
nou odchylkou jedna a At je Casovy krok.
Pre vypocet rychlosti pre kazda Casticu mézeme pouzit rov.
(3). Pomocou rov. (6) potom stanovime novu polohu kazdej
castice. Castice su potom unasené prudenim podzemnej vody
a cela skupina sa rozptyluje disperznym pdsobenim. Ak
potrebujeme kvantifikovat vysledky modelu, mézeme vyniest
izolinie koncentracie. Musime pouZif pomocnu siet a spoci-
tat mnozstvo Castic v jednotlivych blokoch siete. Pri tejto kon-
Strukcii vznika problém optimalnej vel'kosti bloku siete. Ak je
blok prili§ velky, zavadza sa v tomto okamihu do vysledkov
urcita numericka disperzia, na druhej strane prili§ maly
rozmer bloku spdsobuje zvyraznenie Statistickych odchylok.

Pri pouziti tejto metddy vznika tiez problém s okrajovou pod-
mienkou 1. radu (Dirichletova p.). Tato podmienka vyzaduje, aby
sa do siete dostavali stale dalSie a dalSie Castice v kazdom casovom
kroku. Tak by tato podmienka viedla k velmi vysokym poctom
Castic. Preto sa Casto robi predpoklad, Ze sa nové Castice vytvoria
presne v mieste starych a pohybuju sa teda po rovnakej drahe. Ak
urobime tento predpoklad, mdézeme séitat pocet Castic v kazdom
¢asovom kroku a simulovat tak tuto okrajovii podmienku.

Metoda dualnej reciprocity

Pre rieSenie rov. (1) moZeme teraz pouZit aj metodu dualnej
reciprocity (DRM). Najskor pouZijeme transformaciu sturadnic
Vv tvare
N D
y=y. VA A= Fx (7

v

X=x

Potom riadiaca rov. (1) sa moZe pisat v tvare
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the dispersion. The advective transport is simulated by moving the
particles according to the velocity vector in given point. The
dispersive transport is based on the probability distribution of
displacements. The result of this estimation is a normal
distribution. Standard deviations of the distribution are

o, = V2D, 1 o7 =V2Dpt (5)

where D, , D, are the coefficients of longitudinal and transverse
dispersion, respectively. The new location of the
particle is then given by (Kinzelbach, 1988)

Vs Y
X =xyt ALV, + 7 Ao+ 7.A2.(TT
(6)

Y V.
y=ro+ ALY, + =2 Aoy + o

where V is the average pore-water velocity, A;, A, are normally
distributed random variables with mean 0 and a standard
deviation 1, and At is the time step.
The eq. (3) can be used to compute the velocity for each
particle. This velocity may be used at each time step to cal-
culate a new position of the particle. The cloud of partic-
les is then moved according to groundwater flow and
spread by the dispersion. If we need to quantify the results
we could create the contours of concentration. Then the
temporary net must be created and the number of partic-
les in each cell of this net must be counted. There is
a problem with the optimal size of these cells. If the
cell’s size is large numerical dispersion arises, on the other
hand, the statistical errors occur if the size is too small.

There is also a problem with the boundary condition of the
first kind (Dirichlet). This condition requires generating the new
set of particles at each time step and it leads to a very large
number of particles. Therefore, we suppose the new particles
should create in the same place as the old ones. If we make this
assumption, we can sum the number of particles at each time step
and so we can simulate this boundary condition.

Dual reciprocity method

For the solution of eq.(1) we can now use the DRM. At first
we use the following transformation of coordinates
D,

D

y

F=x J=y.VA A=

(7N

Then the governing transport equation (1) can be written as

°C 9°C vy, 9C v, 9C R 9C °C 9°C vy, 9C v, 9C R 9C

ot = st st () St E ottt (3)

0x dy° D, ox D, dy D, ot 0x dy*- D, ox D, dy D, ot
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Metdéda dualnej reciprocity bola odvodena pre rieSenie
Poissonovej rovnice iba pomocou okrajovych prvkov. Uvazujme
rovnicu v tvare

AC=bh )]
Pravu stranu rov. (9) mozeme aproximovat v tvare
N+L
b=> a;.f, (10)

kde N je poCet uzlov na okraji oblasti a L je pocet vnitornych
bodov v rieSenej oblasti. ¢; je mnoZina neznamych koefici-
entov a f; su aproximaéné funkcie. Zakladna myslienka
DRM je pouzit pre rieSenie superpoziciu partikularnych
rieSeni riadiacej rovnice. PoCet tychto rieSeni sa rovna cel-
kovému poctu uzlov v oblasti. Mézeme pisat

(11)

kde é,- je mnozina partikularnych rieseni rov. (9). Ak dosadime
rov. (11) do (10) a (9), dostaneme

N+L

AC=> a(AC) (12)
i=1

Teraz mozeme pouzit opat rieSenie obdobné metode hranic-
nych prvkov na rov. (12) (Patridge, 1992) a dostaneme

N+L

c+j—CdF fcl:*—dr Za

MnozZinu aproximacnych funkcii f; moZeme zvolit napr.
v tvare kone¢ného radu

fi=l+r+rn+rn+ .+ (14)
Potom mnozina partikularnych rieseni ma tvar
m k+2
15
Z‘ (k +2)? (1)

a ich derivacia podla vonkajsej normaly sa moze vyjadrit ako

A k
m
JaC;  or, rh

Z ! (16)

=0 k+2

ov

ov

Ak mame dané hodnoty b v rov.(10) v N+ L bodoch, mo6zeme
stanovit nezname koeficienty a; v rov. (13) ako

a=F ' b (17)

The double reciprocity method has been used to derive
a boundary-only solution of the Poisson’s equation

AC=b )
The right side of eq.(9) can be approximated as
N+L
b=> a,.f (10)

i=1

where N is the number of boundary nodes and L is the number of
internal nodes in the area of interest. The «; are a set of
initially unknown coefficients and the f; are approximat-
ing functions. The basic idea of the DRM is a superpo-
sition of localized particular solutions of the governing
equation. The number of these solutions are equal to the
total number of nodes in the problem and we can write
AG =, (1n
where CA‘,-is the set of particular solutions of eq. (9). If we substi-
tute eq. (11) to (10) and (9) we get

N+L

AC=> a(AC) (12)
i=1

Now we can apply the BEM solution of the eq.(12) (see
Patridge, 1992) and we can write

The set of approximating functions f; can be chosen e.g. as the
series

o+

r oo (1)

“—Cdl - j o+ 96 ’dF)

fi=l+rn+r2+r+ .+ (14)

Then the set of particular solutions has the following form

m k+2
15
Z (k +2)° (1)
and the normal derivative can be written as
aC  ar, ok
LA A 16
v ov kZO k+2 ( )

If we have defined the values of b in eq.(10) in N+L points,
we can determine the unknown coefficients «; in the eq. (13) as

a=F'.p (17)
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~!inverznu maticu k matici aproximaé

kde sme oznacili F
nych funkcii f;. Ak pouZijeme maticové oznacenie, mézZeme rov
(13) pisat v tvare
H.C-G.Q=H.C-G.Q).F b (18)
Prava strana rov. (8) je sucet troch roznych Clenov b, b, a b3,

kde

, ¥, oC b_ﬁg , R oC (o)
1 "D D o

D F

Teraz mdzZeme pouZit rovnaky postup na konvektivne ¢leny b,

a b,. Rov. (17) mozZeme teraz pisat ako

where we denoted F
set of approximating functions f
notation we can express the eq. (13) in the form

H.C-
The right side of eq. (8) is the sum of three different terms b,

b, and b5, where

by =

C O M M UNICATI ON:S

the inverse matrix to the matrix of the
If we now use the matrix

(18)

G.Q=H.C—G.Q).F b

v, oC b_LB_C , R oC 19)
"D T D, o

Dax

Now we can apply the same procedure to the advective terms

b, and b,. We can write eq.(17) as

(20)

BC

V N+L

R

‘le

a rov. (18) ma tvar
Ve A -1, 9C
HC-G6.0=—H.C-G.Q).F " -—
D ox

Ak vyjadrime derivaciu C ako funkciu hodnét C v uzloch (see

Partridge, 1992) v tvare

JdC _JF _
g—gF .C

potom rov. (21) mdzeme pisat ako

(H—4).C—-G.0=0

kde sme oznacili
H.E-G. 0y Fr L9 g
' ' D, ox

A

moze vyjadrit ako

B ' D, 0% D, oy

Ked aplikujeme DRM na posledny clen b5, rov. (23) bude

mat nasledujtci tvar
aC

(H-4).C—-G.0= B?

kde matica B je

and eq. (18) has the form

2

(22)

(23)

Rovnaky postup pouZijeme na clen b,. Potom matica 4 sa

)-Fl (24)

V N+L
(20)

R

x/l

aC

v 2h

H.C- GQ——(HC GQ)F1

If we express the derivative of C as a function of values C at

nodes (see Partridge, 1992) in the form

dC oF

—=—F'.C 22

P @2)
then the eq.(21) can be written as

(H-4).C—-G.0=0

where matrix A is

—H.b-6. .0y Fr L9 g (23)

' ' D, ox

A
The same procedure will now be used in case of the term b,. Then

the matrix A can be expressed as the sum of two terms b, and b,

Y, aITJrE.aF).Fl (24)

=H.C—-G.Q)'F (3\855 0. %

When we apply the DRM procedure to the last term b3

R é-6.6)-F!

X

eq.(23) will have the following form
oC
(25) (H-4).C—G.Q=8B" " (25)
where matrix B is
R A A 1
(26) =—H.C—-G.0Q)-F (26)
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Rov. (25) je sustava linearnych diferencialnych rovnic, ktoru
mozZeme rieSif pomocou niektorej Standardnej schémy priamej
integracie. Najjednoduchsia je schéma dvoch po sebe nasleduju-
cich ¢asovych krokov. Zmenu C a Q v rozsahu kazdého casového
kroku mozeme vyjadrit v tvare

c=(1-0,).c'+06,.c"!

0=(1-6p).0'+6,.0™ 27

kde ©, a O, su parametre, ktoré uréujii polohu hodnot
C a Q medzi dvoma ¢asovymi krokmi i a i+ 1. Po dosadeni
rov.(27) do rov. (25) dostaneme

At

The eq. (25) is the set of linear differential equations which
can be solved by any standard direct time-integration scheme. The
simplest one is the two-level time integration scheme. The
variation of C and @ within each time step can be expressed in the
form

c=(1-06,).c+0,.c*

0=(1-6p.0'+6,.0™" 27

where O, and OQ are parameters which position the values C and
0 between time intervals i and i+ 1. Substituting eq.(27)
to eq.(25) yields

<i3+ ec.(H—A)> CH1-0,.6.0"" = (A%B—(l —E)C).(H—A)> C'+(1+6,).6.0 (28)

/ The river Hron

Obr. 1 Siet hranic¢nych prvkov
Fig. I The Boundary Element Net

Pravu strana rov. (28) v okamihu i+1 pozname a potom je rov.
(28) sustava linearnych rovnic, ktori moézeme v kazdom casovom
okamihu riesit.

Priklad riesenia pomocou metody
nahodnej prechadzky

Prikladom je model sanacie podzemnej vody na lokalite
byvalej vojenskej leteckej zakladne na strednom Slovensku. Na
tejto lokalite je rozsiahle znecistenie, sposobené roznymi zdrojmi.
Prevazne sa jedna o ropné latky, Ciastocne plavajuce vo forme fazy
na hladine podzemnej vody a Ciasto¢ne rozpustené. Pre ich zachy-

The right side of eq.(28) is known at time i+1 and the eq.(28)
is the set of linear equations which can be solved at each time
step.

Example of random-walk
solution

As an example it is possible to present the model of
a groundwater remediation of the former military airbase in
central Slovakia. There is large pollution caused from different
sources. There are mainly oil hydrocarbons, partly flowing on the
groundwater level, partly soluted in the groundwater. Groups of
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tenie a zaroven pre zabranenie priesaku do rieky Hron sa navrhla

sustava infiltracnych a zachytnych drénov.
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infiltration and catch drains have been suggested to protect the
groundwater and also to prevent infiltration into the river Hron.

Groundwater flow directior

<t—

Obr. 2 Izolinie hladin podzemnej vody
Fig. 2 Contours of groundwater level

Cielom modelovania bolo posudenie spravnosti funkcie
navrhnutych drénov. Obr. 1 ukazuje sief hrani¢nych prvkov
v prvej Casti skiimanej oblasti, obr. 2 potom ukazuje izolinie vypo-
Citanej urovne hladiny. ZneCistenie je prenasané podzemnou
vodou z pociatoénej znecCistenej oblasti (obr.1) do blizkosti zachyt-
ného drénu. Vysledky modelu ukazuju, Ze v tomto pripade sa zne-
Cistenie rozdelilo na dve hlavné Casti. Prva bola zachytena
drénom, ale druha pokracovala v prudeni smerom do rieky Hron
(obr. 3). Tento vysledok modelu potom bol premietnuty do zmeny
projektu a umiestnenie drénov bolo zmenené tak, aby bolo zachy-
tené celé znecistenie.

The aim of modeling has been to asses the right placement of
these drains. Fig.1 shows the net of boundary elements in the first
part of surveyed area, Fig.2 then shows contours of the computed
groundwater level. The pollutant is transported by the
groundwater from the initial area (see Fig.1) to the catch drain.
Results of this mathematical model show that the pollution is
divided into two main parts. The first part is caught by the drain,
the other one flows toward the river Hron (see Fig.3). This result
of the mathematical model has caused the change of the project
and the placement of drains has been corrected to catch the whole
pollution.

rr " .
| Position of cloud of| particles aftel)@ years
\‘\
| N—
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. : ,
| \ T /
[‘ \ 1/ /
£
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\, A // o
s / Parncle\s‘regged by drain
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e T PN ——
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Obr. 3 Castice po 3 rokoch
Fig. 3 Cloud of particles after 3 years
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Priklady DRM riesenia

Pocitacovy program DISDRM bol zostaveny na zaklade uz
uvedenych rovnic a pomocou tohto programu bolo vyrieSenych
niekol'ko prikladov. Tak ako vSetky nové metody, bola aj DRM
najskor testovana na subore jednoduchych vyrieSenych prikladov.
Jednym z nich je jednorozmerny pripad hydrodynamickej disper-
zie, rieSeny bezne v literature (Bear, 1972). Tento problém bol
rieseny v oblasti v tvare obdiznika o rozmeroch 10 x 1 meter, ktory
bol rozdeleny na 22 okrajovych prvkov a mal 3 vnutorné body. Pre
riesenie sa pouzilo 5 ¢asovych krokov o dizke Ar = 1 s. Vysledné
hodnoty a ich porovnanie s analytickym rieSenim je na obr. 4.

Examples of DRM solution

The computer program DISDRM has been prepared
according the aforementioned equations and some examples have
been solved. Like any other new developed method the DRM is
first tested on the set of well-known examples. One of them is the
one-dimensional case of hydrodynamic dispersion (see e.g. Bear,
1972,). The problem has been solved on the strip area 10x1m,
which has been divided to 22 boundary elements and 3 internal
nodes. Only five time steps with Az = 1 s has been used. The
results and the comparison with analytical solution can be seen on
Fig. 4.

0.9 -
0.8 - o =1
07 + O t=3s
t=56s
06+ A _
—t=1s, analytical
0.5 + —t=3s, analytical
04 + — t=5s, analytical
0.3 +
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0 | ‘ ‘ ‘ 7\ Pa 3
0 2 4 6 8 10

Obr. 4 Priebeh koncentrdcie v jednorozmernom modeli
Fig. 4 Variation of C along x-axis

Dalsi priklad je model

The other test example is

prenosu znecistenia v podzem-
nej vode z Cerpacej stanice

. \. Boundary elements

—

a model of the groundwater
pollution from the gasfilling
station in south Slovakia. There

pohonnych hmét na juznom
Slovensku. Ide o §irenie sa roz-
pustené¢ho znecistenia z jedné- o °
ho zdroja. Tento priklad je
velmi vhodny pre testovanie,
pretoze hydrogeologické pome- R
ry su velmi jednoduché. Obr. 5
ukazuje siet prvkov, pouzitu pre
rieSenie tohto problému. Zne-
Cistena oblast je vytvorena vnu-
tornymi prvkami a cela oblast
je rozdelena do niekol’kych zon.

Rychlost prudenia pod-
zemnej vody je 5,2-107%
m.s~!, koeficienty disperzivity
st a; =5 m, ap = 1m, sorpcia
bola v tomto rieSeni zanedbana.
Vysledky Sirenia znecistenej
vody su na obr. 6 a 7 pre ¢as 10
a 20 rokov.

o

*~_ Internal points °

Obr. 5 DRM siet
Fig. 5 DRM discretization

is concentrated dissolved oil
pollution from one source. It is
a good test example because
the hydrogeological properties
. are very simple. Fig. 5 shows
the mesh used to solve this
transport problem. The pollut-
ed area is created by internal
elements and the whole area is
divided into several zones.

The velocity of the ground-
water flow is 5.2 - 10” ¥ m.s™!,
the dispersivity coefficients
a; =5 m, ap = 1 m, adsorp-
tion has been neglected. The
results of spreading of the pol-
luted water is on the Fig. 6 and
Fig. 7 for the time 10 and 20
years respectively.

Polluted area
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Casticové metody pre rieSenie transportu by mali byt vzdy
spojené s matematickym modelom prudenia. Metdda hrani¢nych
prvkov je pre tento ucel velmi vhodna, pretoze umoznuje vypocet
rychlosti pradenia v fubovolnom bode oblasti. Iny spdsob vytvo-
renia numerického modelu transportného javu je spojenie metody
hrani¢nych prvkov s DRM. Tento spdsob sa tiez ukazuje byt velmi
ucinny pre rieSenie disperznej rovnice. Metoda sa ukazuje byt
velmi stabilna a pouzité ¢asové kroky mozu byt velké a pritom
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Conclusions

The particle tracking method should always be connected
with the numerical model of the groundwater flow. The boundary
elements method seems to be very feasible because the velocity of
flow can be computed in an arbitrary point of the domain. The
other way to prepare a numerical model of transport phenomena
is the connection of the boundary elements and dual reciprocity
method. It seems to be also very useful to solve the dispersion
equation. This method seems to be very stable and the used time

Obr. 6 Izolinie pomernej
Fig. 6 Contours of concentration after 10 years

koncentrdcie po 10 rokoch
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Obr. 7 Izolinie pomernej koncentrdcie po 20 rokoch
Fig. 7 Contours of concentration after 20 years
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nevznikaju Ziadne oscilacie, zvy¢ajné u ostatnych metdd. Tato
metoda moze byt v buducnosti jednoducho doplnena aj o rieSenie
radioaktivneho alebo chemického rozpadu spolu s niektorymi
druhmi sorpcie latky.

Recenzenti: 1. Kazda, M. Slivovsky
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RIESENIE KRIZOVYCH SITUACII 2000

Fakulta $pecialneho inZinierstva Zilinskej univerzity, v spolupraci
s Ministerstvom hospodarstva Slovenskej republiky, organizuje v diioch
24. - 25. maja 2000 V. medzinarodni vedecku konferenciu venovanu rie-
Seniu krizovych situacii v $pecifickom prostredi.
Konferencia bude prebiehaf v plenarnom zasadnuti a v troch sekciach:
Sekcia €. 1: RieSenie krizovych situacii verejnou spravou,
Sekcia €. 2: Informacéné systémy v Zivotnom prostredi,
Sekcia ¢. 3: Vyuzitie zdrojov hospodarskej mobilizacie v krizovych

situdciach.
Konferencia sa uskutoéni v priestoroch Zilinskej univerzity.

Vsetkych zaujemcov srdecne pozyvame.

CRISES SITUATIONS SOLUTION 2000

The Faculty of Special Engineering of the University of Zilina in
cooperation with the Ministry of Economy of the Slovak Republic is
organising from 24 - 25 May 2000 the Fifth International Scientific
Conference devoted to crises situations solution in specific environment.

The conference will take place in plenary meeting and in three sections:

Section No. 1: Crises situations through public administrative authorities.

Section No. 2: Information systems in life environment.

Section No. 3: Utilisation of material mobilisation sources in crises
situations.

The conference will be held in the area of the University of Zilina.

All who are interested are cordially invited.

Sekretariat konferencie:
Zilinska univerzita - Fakulta $pecialneho inZinierstva

Secretary of the conference:
University of Zilina - Faculty of Special Engineering

RSDr. Ladislav Hersic, CSc.
Ul. 1.maja 32, B-27, SK-01001 Zilina, SLOVAKIA, Tel.: ++421-89-7633320, ex. 240, Fax: ++421-89-7234972, E-mail: vf@fsi.utc.sk
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