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ABSTRACT

The paper describes a simulating method for ground water
contamination originating from industrial and mining
activitv.

The finite difference model simulates heat, mass and
solute transport, The applied stochastical method for
dispersion providss more accurate solution of mass
transport modelling.

This method gives a more realistic approach of chemical
processes in an aquifer depending on temperature.

INTRODUCTION

The protection of the quality of underground water resources
is of great importance even for mining. Two main forms of
contamination endangering the aquifers can be distinguished
by their origin:

- contamination from the surface
- contamination from underground

TYPES OrF CONTAMINATION FROM THE SURFACE

The contaminations from the surface can bYe listed as
follows:

~ conlamination from precipitation, when rainfall impacted
by air pollution filtrates into thes unconfined aquifers,

- agricultural contamination caused by animal keeping and
chemicals of plant cultivation,

~ sanitary landfiles,

- industrial waste disposals with or without direct contact
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with the water tahle and industrial waste waters of un-
effective treatment,

-~ contamination from the surface waters: when contaminated
water flows are in hyvdraulic connection with aquifers and
the gradients are directed to the aqguifer.

CONTAMINATION FROM UNDERGROUND

Contaminations from underground can he accouated as
follows:

- contamination from abandoned open pits or deep mine sites:
when leszkage occures from old mine sites, Existing potential
contamination sources which get contacted with agquifers and
change the flow system because of mining discharges,.

- Contamination caused by rock solidifaction or sesaling.
In this case different physical or chemical materials
/natural or artifical/ are injected into the soil or rock
mass /e.g. during the sealing with electric filter a big
quantity of the sulphate is leached into the aquifers.

- "Thermal effect" can disturbe the natural conditions of
the aquifer when hot water waste is reinjected after utiliz-
ation. The disposal of the geothermal waste water with high
salt concentration can countaminate the aquifers too.

THE SIMUIATION MODEL

The governing equations of the simulation model of finite
difference method are as follow:
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where:

S: specific storage

g: acceleration due to gravity

P: pressure

Q: density /in function of pressure and temperature/
¥: flow velocity

Gp: mass flow /sink or source/
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C, concentrat.ion
k . .
D7 dispersion tenzor
X o
D= dv + D Sy

d: dispersivity
DX: coefficient of molecular diffusion

retardation factor

Rd:
o normal vector over an area A
GSZ: yvield of contamination

CM: heat capacity of the water-rock mediac
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— ! - / .

/9C/y = @ SpCp v /1207, C_ /5/
where:
g rock porosity

Set fluid density

Cf: heat capacity of fluid

density of rock matrix

p
w0

@

hzat capacity of rock

s
<

KM: heat conductivity
T temperature
Gh: heat source

The simplified equation of the impulse equibalance is
given by the Darcy law:

Va = - ;5’/$P - §év /6/
where:

k: permeability
M dynamic viscosity

Equations /1/ /2/ and /3/ are interaction by the hydraulic
pressure, the temperature, and parameters depending on
the water quality and the convective term,

The spatial gradient between nodes are assumed with
linear approach as

Pn = Py

n,m “m,n

The permeability, heat conductivity, fluid density and
the concentration at the bounidury of nodes /interfaces/
are calculated with weighted harmonic m2an values. This

187

Reproduced from best available copy



IMWA Proceedings 1988 | © International Mine Water Association 2012 | www.IMWA.info
method ensures the continuity of the flow at the interface.

CALCULATION OF FLOW AND HEAT TRANSPORT

The mass and heat transport car be calculated by equations
/1/ and /3/. Th2se phenomena are simulated in case examples
for practical usss, e.g. thermal water utilization with
recirculation /5/ and the change in the condition of Héviz
thermal springs /6/. The results of this simulation have
met the accuracy requirements of the engineering practice,

SOLUTE TRANSPORT CALCULATION

Thz distribution of concentration of chemical components
in the water can be represented by the distribution of a
finite number 57 discrete particles. This particle can
move in two ways: it is moved by the ground water flow to
the direction of main sesepage and a secondary random move-
ment appears in transversal direction., This random disper-—
sion is described by distribution curves specified accord-
ing to the length of flow in function of dispersivity.

The displacement parallel to ths downstream is calculated
by the finite difference method. The transversal movement
is described by a stochastical dispersion mod=1l presented
by Bear /1/ and Fried /3/. A "random walk" solute trans-
port model for groundwater quality evaluations was publish-
ed at first by Prickett et al. /8. 9./ The movement of a
particle is determined as follows:

The movement of a particle is shown in Figure 1, wvhere

the steady flow and longitudinal dispersion is suppcrted

in direction x. The original particle position x, y changes
to a wew one /x., y/ according to its velocity during a

time increment %. Then the particle moves to position /x , Y/
because of random dispersion in direction +x or =-x. The 3
value of the random walk distance is described as:

s, =24, . V)-(E . A/0/ /8/
where:
Sr : the magnitude of random movement
dl : longitudinal dispersion coefficient
VX : velocity of direction x
At time increment
A/O/ random factor - a number between -6 and +6, drawn

from a normal distribution of numbers having a
standard deviation of 1 and a mcan of zero.
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A more general case is illustrated in Figure 2, where the
flow direction is not aligned with the X~y coordinate axes
and the longitudinal dispersion is taken into account.

The effect of the transversal dispersion can be calculated
in the same way. During the simulation process both longi-

tudinal and transversal dispersion is cousidersd simultane-

ously.

ASSUMPT IONS

In the development of the modz21l the following assumptions
were applied:

- Darcy’s law describes the fluid movement in an adequate
manner.,

- The rock and the fluid are in thermal equilibrium at
any given time.

- Energy changes due to th2 compressibility, acceleration
and viscous dissipation of the fluid can bhe neglected.

/7/
- Diffusion terms have been considered as follow: /2/

-~ "ordinary diffusion" characterized by diffusion
coefficient D

-- diffusion due to water head difference.

- Neglected diffusion terms are:
-~ thermo-diffusion induced by temperature difference,
-~ induced diffusion due to some external force /e.g.

electric force, ion migrotion/.

— The mixing of waters of different concentrations is
perfect and considered as short time event inside the node
compared with flow process velocity.

- The reversibile adsorbtion-dissorbtion is nsglected.

— Dynamic viscosity is independent on the pressure and
water quality.

~ The model employs the one-dimensional theory of Terzaghi
to calculate the deformation of the medium.

JOB SETUP
The mod=1 grid
Two or three-~dimensional grid can be used. No restrictioas

for size numher, shape and connections of nodes are exist-
ed. Each nodz2 is specified with its geometric data.
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Parameters

Some fluid properties are determined as function of
pressure and/or temperature. The d2nsity is expressed as
function

D 9l
?: al+a2T+a3T +ahP+a5P /9/

/77

The dynamic viscosity is considered as with function of
temperature described by Juhédsz, J. S/

The specification of the heat parameters of tha fluid
/heat capacity, conductivity and initial hydraulic
pressure and temperature of nodes/ is required.

The model can be applied for 50 rock types with different
properties, but this limit can be exceeded according to
the requirement. The following param=ters for each rock
type must be specified:

- code number of rock type

- permeability

- density

- specific storage

- porosity

- heat capacity of rock

- heat conductivity of the rock matrix.

Local or regional anisotropy for arbitrary rock types
can be prescribed.

The retardation factor is used to characterize the change
in the solute concentration cawused by chemical reactions
/adsorbtion, organic fixation, etc./ in the madium.
Chemical reactions between the dissolved constituent and
the mediuwn tend to retard the movement of the constituent
relative to the groundwater velocity.

The retardation of a concentration front is described by
relation /9/

v
T—Rd /lO/
c

where:

v: dntersticial velozity of the groundwater

V' velocity of the ¢ 0,5 in the conCentration front

c - )
R,: retardation facto?

d

Factor R, must be specified in the model as input datum.
Radiocactive decay may be added if desired. The dinitial

concentration of contamination for the nodes and/or for
the source of contamination over the area, respectively,
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are required as input parameters,
Bourdary conditions

Most of the boundary conditions desired for practical
uses can be applied in the model. These are as follow:

- nodes with fixed pressure

-~ changing pressure in space and time

- nodes with fixed temperature

- changing temperature in space and time

- mass sink and source with constant flow rate

- mass sink and source with flow rate changing in time
- heat sink and source with oonstant value

- heat sink and source with changing in time

- contamination souarce with constant value

- contamination source with changing value in time
- quickly acting contamination

- constant mass flux at the boundary.

Mass and solute tramsport processes can be modelled with
boundary conditions mesntioned before. Iteration parame-

ters adequate for calculations are specified on the in-

put list.

Presentation of output

The output contains all information pieces including
important parameters, which d=termine the character of
the task to be solved which are necessary for experts.

Items of the input lists are as follow:

- water levedt

- water head

- depression relative to the initial conditions

- temperature

- change of temperature from the initial state

- Wwater yield of dewatering and injection

- concentration

~ volume of contamination discharge and recharge
- density

- total heat and mass flow across the boundaries.

EXAMPILE PROBLEMS

Three example problems illustrate how the computer code
is applied. The system (o be modelled consists of grid
of 25 nodes and is determined with fixed pressure bound-
ary condition on each side. The grid covers on area of
0.23 kp, with node size of looxloo meters.

The network is presented in Figure 3. Thz main parameters
applied i1n each version are listed below:
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- specific storage o roock matrix: 9.]_0_J 1/m

- porositv: 0.015

-~ ttuid density: looo kg-w

- relative altitude of node above sea level: 0.0
- temperature of water and rock medium: lo C

- dvnamic viscosilby of fluid: o.00l133 Pas

-~ initial water head: loo m above sea level.

A very simplified model with symmetrical geometry and
closed boundary was used to investigate the processes
more easily, although the model has no restriction with
regard to the gcometrical and boundary conditions.

The change of all contaminants dissolved was modelled in
the test examples, however, any of the water gquality
components can be applied.

Version No. 1

In this case a momentary contamination combined with water
recharge at the some place of the system was applied. At
the opposite side ¢f grid some water discharge is supposed.
The simulation time is 170 years, and the output lists

are printed by ten vears. The vrate of mass source is 1 kg/
sec at node No. 25 and the discharge is of the same value
with negative sign at node No. 1. The initial concentrat-
ion of the source element is 3 ke/m and the concentration
value of O kg/m characterises other regular nodes.

The retardation factor is specified as one.

The change of all comnstituents dissolved along the main
transverse is illustrated in Fig. Y. The front of the
maximal concentration is presented in Fig. 5.

The Figures show the processes accurately, namely the
concentration decrease in versus of time in the system
and its migration from the source to a sink node. The
concentratiorn values along the main transverse are listed
in Table 1,

Number
of node Year Concentration
mg/1
25 0 3000
19 lo 413
13 50 235
7 8o 175
1 loc 139

Version No. 2

Contamination with constant value in time is simulated
and the novement of the concentration front is investigated.
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Concentration of the regular nodes are zero, therefore
the equibalance is formed when the concentration equal-
ises in each node over the system. Although this stable
state did not occur during the simulation period of 190
years, the diagrams obtained show the trends properly.

The initial data are as follow:

- simulation time: 190 years

- printout time step: lo years

- mass sink /water discharge/ at node No.l: -1 kg/s

- mass rate of contamination at node No. 25: 0.003 kg/s
- water recharge at node No. 25: 1 ke/s

- retardation factor 1

Change of concentration along the transverse is shown in
Fig. 6.

Version No. 3

In this case the dilution was modelled. The initial
concentration value of 3o00c¢ mg/l is valid for each regular
node. The mass source is specified as "clear" water with
zero concentration of all constituents dissolved. The
seepage is induced by water recharge, which increases the
pressure head of the system. The concentration changes
occur both in the water flow value and in the increased
water volume,

The inditial data are as follow:

- simulation time: loo years

- printout time step: 2 years

-~ water recharge ai mode No. 1: 1 kg/s
- concentration of each node: 3oo0o mg/1
- retardation factor: 1

The change of concentration along the main transvers:
is illustrated in Fig. 7.

CONCLUSIONS

As a result of a more extended ressarch a numerical
simulation model of solute traunsport was developed. The
program code was prepared in Fortran IV /HWB 6o/20/ and
Microsoft 77 /IEM AT/ languages. The program is suitable
to model complex scesepages process=s characterised by
different conditions: as

- two- or three-dimensional grid

- homogeneous or heterogeneous aquifer

- confined, unconfined or combined aquifer

- water recharge or discharge with constant o
different rate in time
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- interaction between surface waters and undz2rground
reservoirs

- injection of contaminated water

- leakage from waste disposed on the surface

- mixing the waters with different quality of aquifers

- thermal problems

- dispersion, dilutioa in waters and mixing of waters
of different concentrations.

The aecglect of the teirms of the governing equations,
which are unnecessary for the actual investigation, is
very advantageous feature of the program cods.
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Convection DispeLsion New positions
y
New positions = 0ld positions + Convection + Dispersion
X0 Y = Xa Y + Vx - At +\N20LVxAT (A({0)
where
Vx = Interstitial velocity of the groundwater in
the x direction
At = Time increment
dl = Longitudinal dispersion
A0 = Random factor

Movement of a particle in case of longitudinal
dispersion where the flow direction is aligned

with x axis.

Figure 1,
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Movement of a particle in case of
longitudinal dispersion, where the
flow direction is not aligned with

X or y axis

Figure 2.
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Finite difference grid of the test model

Figure 3.
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Figure 4,

198

Reproduced from best available copy



IMWA Proceedings 1988 | © International Mine Water Association 2012 | www.IMWA.info

Concentration of
total dissolved

solids
1 1 ?
mg/l

00 | JL
l /
2000 l
1000 }
_\-
|

50 100
Time [years]

Advance of the maximum of total dissolved
solids, in case of instantaneous feed of

total solids.

Figure 5.
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Figure 6.
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Figure 7.
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