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CALIBRATION OF DUAL POROSITY GROUNDWATER FLOW AND
CONTAMINANT TRANSPORT MODEL FOR SIMULATION OF

CLEANING VP-9C SITE ∗

J. MUŽÁK AND M. HOKR†

Abstract. The contribution summarises the results of our research in field of the dynamics
of groundwater flow with dual porosity. The dual porosity means the fact that in porous medium,
pores are partly active and partly inactive. The inactive pores are filled with solution but the velocity
of flow in pores is negligible compared with velocity in active pores. Transport of dissolved solids
is considered by the next basic processes – advection and dispersion in active pores and diffusion
exchange between active and inactive pores. Final modelling solution of transport mechanism is made
by the FVM, by time-explicit scheme. Flow is calculated by the mixed-hybrid model. Finally, the
application in real conditions of uranium deposit Stráž in the Czech Republic is presented. Turonian
aquifer is considered as a drinking water source for large part of the Czech Republic. The part of
the Turonian aquifer is partially polluted by chemical mining of uranium on deposit Stráž. The
evaluation of possible future danger is the key question. The calibration of the model using data
from cleaning test site VP-9C is presented.
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1. Introduction. The area of the Stráž block in north part of Czech Republic
is geologically divided into two overlaying aquifers, Cenomanian and upper laying
Turonian, splitted by the low Turonian aquitard. In the Cenomanian aquifer the
chemical mining of uranium on the Stráž deposit was performed. In spite of the
aquitard the upper laying Turonian aquifer was also polluted by injected sulphuric
acid. Such pollution is the potential environmental hazard for drinking water sources
in large area of Stráž block. The pollution of the Turonian aquifer has character of
isolated plums of contamination. The cleaning of the Turonian aquifer is one of the
main tasks connected to the whole process of remediation of the former uranium-
leaching site.

For the complex evaluation of remedial strategies the numerical models of ground-
water flow and contaminant transport were developed and applied. The groundwater
flow model is based on mixed-hybrid formulation of FEM, see [1], [2], [3] and [4]. The
contaminant transport model is based on FVM, time-explicit scheme, see [2] and [3].

The evaluation of the experimental extraction of contaminated Turonian solutions
showed some inconsistency between modelling and experimental results. For that
reason the transport model was equipped with module of dual porosity. This improved
transport model was calibrated using experimental data from testing VP-9C site.

2. Model of dual porosity.

2.1. Characteristics. By “dual porosity” we express that soil matrix is divided
into two pore structures, active and inactive, see [7] and [8]. The inactive pores
are filled with solution but the velocity of flow in pores is negligible compared with
velocity in active pores.
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Let us denote:
na – active porosity,
ns– inactive porosity (s = “slow”) and
n – total porosity (n = na + ns).
The transport of the contaminants is driven by the following aspects: advection

and dispersion in active pores and diffusion exchange between active and inactive
pores. See the symbolic structure on fig. 1.

Fig. 1. Model of structure of active (A) and inactive (S) pores

2.2. Diffusion in pores. Further we focus only on the diffusion exchange be-
tween active and inactive pores. We expect that reader knows the problem of advec-
tion and dispersion in active pores, see [1], [2], [3].

Let us consider that diffusion flow between the volumes VA and VS is linearly
dependent on difference of concentrations in these volumes with the proportion coef-
ficient k

Q = k(cl
A − cl

S)

where Q is mass of the chemical component divided by time unit. The direct appli-
cation of this formula in the model is not suitable. Numerical solution of parabolic
equation in channel makes condition on time step even stronger then in advection
case. For diffusion equation it must hold

∆t <
(∆x)2

2b

where b is diffusion rate. In such approach it would be necessary to split time step,
which would dramatically slow the computations. The alternative is to use analytical
solution of local exchange problem and its application for porous media. For time
dependence of concentration of l-th substance in active and inactive pore volume, the
following exponential forms

cl
A(t) = (cl

A(0) − c̄l(0))e
k

VA+VS
VAVS

t
+ c̄l(0)

cl
S(t) = (cl

S(0) − c̄l(0))e
k

VA+VS
VAVS

t
+ c̄l(0)

are valid for any time t ∈ (0, +∞) where cl
A(0) is concentration of the l-th substance in

time t = 0 in active pore volume, cl
S(0) is concentration of the l-th substance in time
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t = 0 in inactive pore volume and is average concentration of the l-th substance in time
t = 0 in active and inactive volumes. The computing with use of exponential functions
is not so slow and complicated as in the case of time step splitting. The coefficient
k in the exponent includes the diffusion properties of the chemical components as well
as the geometrical properties of the soil (characteristic length and cross-section of the
pores). Expressing these properties we get

k
VA + VS

VAVS
= Dl Sn

λλSnS
=

Dln

λ2nS
= αl

where Dl denotes diffusivity of l-th substance, S is the cross-section of the pore
(the area between active and inactive pore volumes), λ is the distance between both
volumes. We defined notation αlfor coefficient of substance mass exchange between
the volumes. It can be written in the form αl = Dl

× Kr where Dl depends only on
chemical substance and Kr is depended on the properties of the soil.

In practice it is problematic to determine the mentioned local material character-
istics (αl, Dl, Kr) that in addition do not directly express the rate of exchange. For
calibration of the model it is suitable to define following value

T l
1/2

=
ln 2

αl
,

which we call half-time of diffusion exchange. During this time the concentration
changes from its initial value to the value

cl
A(0) + c̄l(0)

2

which expresses that just a half of total mass possible for diffusion has already diffused.
The model is implemented with the function

e
−

t
T1/2

ln 2

and the half-time of exchange T1/2 is used as an input value instead of the diffusion
coefficient.

2.3. Model implementation. The advective transport of contaminants is sol-
ved by explicit-in-time discretisation of FVM. The concentrations are considered in the
elements of the mesh. Specific flows of the solution across the faces of the elements
are calculated by mix-hybrid groundwater flow model. Explicit scheme time steps
must reflect the CFL condition.

Appropriate soil properties have to be specified in the elements of the mesh. The
properties are following: hydraulic conductivity, active and inactive porosity, diffusion
coefficient dependent on the soil characteristics and diffusion coefficient dependent on
the dissolved chemical component. The diffusion coefficients are set into the model in
the form of half-time of exchange T1/2. In this case it is hard to distinguish between

values for soil and for each chemical component. Therefore the relative coefficient β l

is used for l-th chemical component. For the most important contaminant is βl = 1.

3. Application of model on VP-9C site.

3.1. Model mesh. The model mesh covers the areas of three leaching fields VP-
9A, VP-9B and VP-9C. The total model area occupies 1,3 km2. The mesh consists
of 1003 multielements that are vertically divided into 12 layers. The location and the
shape of the mesh is on the fig. 2.
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Fig. 2. Location and shape of the model mesh of VP-9C site.

3.2. Calibration of model and results. The model was calibrated using real
data from monitoring for the period from March 2000 to September 2001. The cal-
culation was performed as the series of 19 steady problems for constant boundary
conditions and abstraction scenarios in each month. The transport of the contam-
inants was calculated using 3 days time step. Table 1 shows the total list of the
wells where the remediation abstraction was performed. On the fig. 3 we can see the
location of each abstraction well within the VP-9C site.

Fig. 3. Location of abstraction wells within the VP-9C site.
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Table 1

List of the remediation wells on VP-9C site.

The first phase of calibration was the setting and correction of initial conditions
obtained by logging. Then the comparison of global balances in dependence on the
active and total porosity and diffusion rate was performed. For each trial calculation
the deviations (observed value minus calculated value) of mass in each month and
their squares were computed. The sums of deviations and their squares for the whole
calculation period are two target functions that we would like to minimize by changing
of material parameters. The basic set of values of material parameters is shown in
table 2.

Active porosity na 0,05 0,07 0,1
Total porosity n 0,2 0,25 0,3
Diffusion rate T1/2 (days) 50 100 150

Table 2

The basic set of values of material parameters.

The calibration of material parameters was performed in 3 steps. In each step
always the one of the parameters is constant and the other two are varying. Table 3
shows the results for the step 1 where the T1/2 = 100 days.

After performing the all 3 steps we get intervals for values of material parameters,
see table 4.

The time distribution of deviation of mass balance for values of n = 0, 27, na =
0, 07 and T1/2 = 150 days we can see on fig. 4. On the fig. 5 we can see the

comparison of concentrations of SO2−

4
measured and calculated for limit values of

parameters obtained by calibration process on the well VP 9C 565T.
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Table 3

Deviations and squares for the step 1.

min max
Total porosity n 0,25 0,27
Active porosity na 0,07 0,08
Diffusion rate T1/2 (days) 120 150

Table 4

Resulting intervals of material parameters.

REFERENCES
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Fig. 4. Time distribution of deviation of mass balance for values of n = 0, 27, na = 0, 07 and
T1/2 = 150 days.

Fig. 5. Comparison of concentrations of SO2−
4

measured and calculated (using two sets of
values n = 0, 20, na = 0, 07, T1/2 = 100 days and n = 0, 27, na = 0, 07, T1/2 = 150 days ) on well
VP 9C 565T
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