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SIMULATION OF GROUND WATERS POLLUTION NEAR POOLS
WITH MINE WASTEWATERS

Pa3paborana yrcnenHas Mozieib A OBICTPOrO pacyera Mpolecca 3arpsi3HeHuUs MOI3EMHBIX BOJT
BO3JIC TIPYAOB — HAKOMHTEICH MIaXTHBIX BOA. [locTpoeHHass Mojenbh, OCHOBaHA HA YPaBHEHHSX
GbuIbTpaUU U reoOMHUrpauuu. s YMCIEHHOro pelieHUs] MOACTUPYIOUIUX yYpaBHEHUI HCIOIbB3Y-
I0TCS Pa3HOCTHBIE CXeMbl. Pa3paboTraH maker nmporpaMM Ha allTOPUTMHYECKOM SI3BIKE JIJISI PEIICHUS
3aja4 reomurpanuu. PazpaboranHas Mozieiab MOKET ObITh UCIOJIb30BaHA JIs OLIEHKU aHTPOIIOTeH-
HOU Harpy3KH Ha MOJI3EMHBIE BOJIBI B MECTaX Pa3MEIICHHSI PYI0B-OTCTOMHUKOB.

Po3pobrieno uucenbHy Monenb sl MIBUIKOTO PO3PAXyHKY IMpolecy 3a0pyaHEHHS IMMiI3eMHHUX
BOJI 01 cTaBKiB-HAKONMWYyBaviB maxTHUX BoA. [loOymoBana Mojenb, 3aCHOBaHA Ha PIBHAHHAX (i-
apTpalii 1 reomirpaiii. J[ias 4uceNbHOrO po3B'sS3aHHS MOJENIOIYHUX PIBHSHb BHUKOPUCTOBYIOTHCS
pizHuneBi cxemu. Po3poOieHO makeT mporpaM Ha ajarOpUTMIYHIA MOBI Ui BUPILMICHHS 3a1ad
reoMirpaiiii. Po3po6iiena Moaens Moke OyTH BHKOPUCTaHA IS OI[IHKK aHTPOIIOT€HHOTO HaBaHTa-
YKEHHS Ha TI36MH1 BOJM B MICISIX PO3MIIIEHHS CTaBKiB-BIJICTIHHUKIB.

Introduction. Ground waters pollution takes place near pools with mine
wastewaters. This pollution is caused by wastewaters filtration through the bottom of
the pool. This results in ground waters rise and their pollution. It is important to de-
velop quick computing methods to predict the dynamics of this pollution. These theo-
retical methods can be used to support the engineer decisions which design.

Literature review. As a rule to solve the problem of ground waters contamina-
tion analytical or empirical models are used [3, 5]. But these models are restricted
enough. Numerical models represent more effective tool and help in predicting the
process of ground waters contamination [1, 2, 4]. For a quick evaluation of spatial
and temporal contamination of ground waters it is important to develop not time con-
suming numerical models.

Purpose. The purpose of this work is development of 2-D numerical model to
simulate ground waters pollution near pools with mine wastewaters.

Mathematical model. To simulate the ground waters pollution near pools with
mine wastewaters we use equation of filtration [1, 4, 5]

p— =khep| — +— [+WS(x—x; )5(y - ;).
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where

h —is depth of ground waters flow;
k — is coefficient of filtration;
M —is lack of saturation;

W — is intensity of waste waters infiltration from pool,;
hep — is averaged depth;

S(x—x; (t))5(y — y; (t)) — is Dirac delta function,

Process of ground waters pollution near a pool is simulated using 2-D transport
equation [1-5]:
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where

C —is concentration of pollutant in ground waters;

u, v — are the velocity components in x and y directions;

o — IS the reaction rate constant its also takes into account sorption;
#ix, iy — are dispersion coefficients;

g; (t) — is source term;
S(x—x; (t))5(y - y; (t)) — is Dirac delta function;
Xi, Yi — are the coordinates of the point source of pollution.

This equation is numerically integrated using the following boundary condi-
tions:

— at the entrance boundaries we use the boundary condition:
C:‘boundary = Cetr
where Cg, is known concentration (for example Cy, =0);

— at the exit boundaries so called “mild boundary condition” is used. For
example, in the numerical model it can be written as following:

ci+1,j)=c(ij),
where (i +1, j) is the last computational cell and (i, j) is the previous computa-
tional cell.

The initial condition (at time t=0) can be written as C =0 in the whole com-
putational region or C = Cp, where Cy is the known concentration in ground waters

under the spillage took place. In this case C =0 in the other part of the computation-
al region.
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Numerical model. To solve equation of filtration we use the implicit scheme of
conditional approximation. The difference equations in this case are as following

1 1 1 1 1
S n s L
U R U T et U e U0 T B el U W R U
=a 5 +a 5 ,
At AX Ay
1
Ml o n+1 n+1 n+1 n+1
hi =i hiZ1 i —hi, | hi =i
+a +a .
At AX? Ay?
h. -k
where a = —£__ .
U

To solve transport equation (1) the implicit change — triangle scheme is used.
The main features of this scheme are shown below. To build the scheme we perform
the splitting of the transport equation at the differential level.

0C ouC ovC
+ + +oc=0
ot oOx  0OX ’

oC 0 oC +8 oC
ot ox|“ ax oy ﬂ(’iy ’

o —Sat(r-n)

where 1, =(Xi, Y;).
After that the approximation of time dependent derivative is used:
n+l ch
aC _~ijk ijk
ot At
At the next step the convective derivatives are represented as follows:
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where u+=uL|u|, u‘:u;|u|, v+=LM, v‘:ﬂ.
2 2 2 2

At the second step the convective derivatives are approximated as following:

n+1 n+1
outc u|+1 jC i uiJ,eri—H,j _ I_+Cn+1
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_ — n+1 — ~n+1
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The second order derivatives are approximated as following:

n+1 Cn+1 Cn+1 Cn+1
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In these expressions Ly, Ly, LJr Ly M , My are the difference operators.

At the next step we write the f|n|te dlfference scheme of splitting:
— at the first step k=1/4:

ch+k _cn
. +1(L;C"+L;Ck)+€ci?:o;
At 2 2
— at the second step k=1/2, c=n+1/4:

K c

Cs _C..

S, ek s ek ek o,
At 2 2
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— at the third step k=3/4, c=n+1/2:

Kk c
C.. _C..
MJ(M— CC+MmCK+M CorM? ckj ;
At 2 XX yy yy
— at the forth step k=1, c=n+3/4:
K c
C.. _C..
MJ(M— ckimicl+M- ckim? CC) ;
At 2 XX yy yy
— at the fifth step:

5 n+1 5 n
. - n+1/2
Ci,j —Ci,j =gm(t 12)
At o1 AXAy
Function &) is equal to zero in all cells accept the cells where the source of

emission is situated.
This difference scheme is implicit and absolutely steady but the unknown con-

centration C is calculated using the explicit formulae at each step (so called “method

of running calculation”), where cl: é é — are concentrations at each time step.

FORTRAN language was used to code the developed numerical model.

Results. The developed numerical model was used to solve the following
problem. We consider the ground waters pollution near the pool with mine waste
waters which is situated near Kryvyi Rih City. Parameters of filtration and admixture
mass transfer are known. The goal of computing is to obtain the dynamics of ground

watres pollution.
Results of numerical simulation which were obtained are shown in Figures 1-4.

.

Fig. 1. Contamination zone in ground waters, t=2.1 (time is dimensionless)
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Fig. 4. Contamination zone in ground waters, t=13.5 (time is dimensionless)
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These Figures illustrate the contamination area at different times. As we can see
from these Figures the contaminated area is enlarging during time. The contaminated
zone has the “plume” form. It takes 2sec to obtain numerical result.

Conclusions. A numerical model to compute ground waters pollution near pools
with mine waste waters was developed. The model is based on the 2-D mass transport
equation and equation of filtration. The future work in this field will be connected
with development of 3D filtration model to simulate ground waters pollution near
pools.
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ABSTRACT
The results of the study, dedicated to the process of ground waters pollution near pools.

The purpose of the study is development of numerical model to compute quickly ground waters
pollution near pools with mine waste waters.

The method of the research is CFD simulation.

Findings. New numerical model is proposed to compute the process ground waters pollution near
pools.

The originality. New model was developed for 2D computing of ground waters pollution.

Practical implications. Developed model allows quick computing of ground waters pollution near
pools with waste waters.
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