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Site selection and site characterization investigations for disposal of low and intermediate level nuclear wastes from the Paks 
nuclear power plant require numerical modeling of pollutant transport near to potential repositories. The aim of modeling is to study 
whether pollution leaving a planned repository by accident could reach the biosphere within a time span short enough to generate envi
ronmental impact, and consequently, whether further investigations are required or not. Numerical model calculations had to be per
formed within then framework of these investigations, on the basis of existing geologic and hydrogeologic knowledge, surface mapping, 
and drilling exploration, which enabled satisfactory answers to be given to these questions in the investigation. Four aspects need to be 
considered: the basic conditions, the principles and techniques of modeling, the process and main results of model calculations and 
some methodological conclusions drawn from the results of model calculations.

1. Basic conditions

Basic conditions include site selection and hydrogeo
logical modeling.

1.1. Site selection

The characterization of potential sites passed through 
pre-selections searches for simultaneous fulfillment of two 
conditions of a geologic and hydrogeological nature:
1. The potential repository should be located in a region 

where the ground water tends to move downwards for 
streamlines which starts in the vicinity of the repository 
and are directed to flow paths through deep formations. 
This provides the potential pollutants with sufficient 
time for adsorption and decay.

2. Large volumes of aquicludes or aquifuges (impervious 
formations) should be present in the vicinity of the 
repository which are able to retard the pollutants, thus 
increasing travel times in the subsurface.
These two conditions mean that places suitable for waste 

disposal are likely to be located near hill-tops above a clayey 
or silty formation (or formations) of large thickness.

The repository located in an underground massive rock 
formation should fulfill the condition that it is located in 
an undisturbed zone without any faults.

1.2. Hydrogeological modeling

In order to perform numerical model calculations for 
the characterization of sites meeting geologic and hydrogeo
logical requirements, we had to choose such a structure 
and size for models that:
— the groundwater system was easy to survey, i.e. the

hydraulic head distribution of the groundwater system,
the connection between recharge and discharge areas,

and the main components of the water budget could be 
reconstructed,

— the type of boundary conditions and their effect on the 
modeled domain could be safely calculated,

— the spatial distribution of hydraulic properties (mainly 
the hydraulic conductivity) of the various formations 
could be modeled by means of either interpolation or 
extrapolation of the observed values.
The criteria for site selection, including model calcula

tions, have been provided by geologic and hydrogeological 
mapping, and the subsequent drilling program (B a l l á  et 
al. 1997, T ó th  et al. 1997).

2. Principles and techniques

Among principles and techniques the mathematical 
model of groundwater flow and pollutant transport, the 
numerical methods used in hydrogeology and the program 
system Rockflow are described below.

2.1. The mathematical model of groundwater flow 
and pollutant transport

Water in an aquifer flows through channels consisting 
of networks of pores, fissures or karstic cavities. On a 
microscopic scale the flow of water through channels, 
which are fully saturated with the single fluid, is governed 
by the N a v ie r - S t o k e s  equation. The equation can be 
solved subject to boundary conditions determined by the 
geometry of the fluid-solid interface. However, this ap
proach is usually impractical due to our inability to de
scribe the complex geometry of this boundary. Moreover, 
even if we could solve the equations for scale values of vari
ables such as pressure, we could not verify these solutions 
by measurements at this level.



We can overcome these difficulties by means of formu
lating the problem on a macroscopic scale. According to 
this approach, the real water-rock system is replaced by a 
continuum model in which macroscopic scale variables 
are obtained by averaging the microscopic scale variables 
over an elementary volume. Thus macroscopic scale vari
ables are continuous functions of the space co-ordinates. 
After performing the averaging, the geometry of the chan
nel network can be described by the introduction of 
macroscopic coefficients (e.g. porosity or hydraulic conduc
tivity). The numerical values of these coefficients have, to 
be determined experimentally for any given situation in the 
laboratory or by field observations. The volume for which 
the continuum approach is applicable, with respect to the 
given physical process is referred to (after Bear 1972), as 
the representative elementary volume (REV).

The principles of mass conservation (continuity equa
tion) and moment conservation are applied to the ground- 
water system in order to solve problems arising in hydroge- 
ologic practice. From these two equations, which, due to 
the continuum approach, are partial differential equations, 
one can determine the distribution of the hydraulic head 
and the velocity field over the domain of interest. In case 
of laminar flow, the motion equation follows Darcy’s law: 

v = -k  grad h , (1)

where v represents the specific discharge, k is the hydraulic 
conductivity (which is a tensor quantity in general),

h = z + plpg , (2)

is the hydraulic head, z is the elevation o f the point o f 
interest above an arbitrary  datum  level, p  is the pres
sure, p  is the density o f water and g is the acceleration 
due to gravity. Note, that the relation between the spe
cific discharge and the pore velocity u may be written as 

u = v/n0 , (3)

where nB denotes the effective porosity.
In order to obtain unique solutions for the above equa

tions several conditions have to be satisfied along the 
boundary of the flow field. These conditions, namely the 
boundary conditions, hold information about the geome
try of the flow field and express the way it interacts with its 
environment. The boundary conditions can be classified 
into three categories:
— boundary conditions of the first kind wherein the value 

of the hydraulic head is known along some parts of the 
boundary;

—' boundary conditions of the second kind, which 
describe the case when the flux is specified along some 
parts of the boundary. The specific case is the no-flow 
boundary condition when the flux is equal to zero;

-  boundary conditions of the third kind, which, in mathe
matical terms, can be written as the linear combination of 
the latter two. In practice one describes the inter
connection of ground water and a river with a clogged bed. 
In order to obtain a unique solution when, examining

transient processes, one has to specify initial conditions,
i.e. the distribution of the hydraulic head h(x, y, z, 0.) at 
some initial time taken as t = 0.

The basic equation for solute transport calculations is 
provided by the principle of mass conservation. The 
spreading of pollution in ground water is influenced by 
several physicochemical processes, of which the most 
important ones are:

— advection, expressing the flux of the mass of a dissolved 
material carried by ground water at the latter’s average 
pore velocity;

— mechanical dispersion, expressing an additional flux re
sulting from the fluctuating velocity in the vicinity (i.e. 
within the REV) of the considered point;

— molecular diffusion, which expresses a flux due to spa
tial differences of the concentration;

— electrical and chemical interactions between the pollu
tant and the solid surface, e.g. adsorption and ion ex
change',

— chemical interactions among species inside the water or 
various decay phenomena (e.g. radioactive decay).
Three kinds of boundary conditions can be applied, as

in the case of the flow equation:
— boundary conditions of the first kind express a defined 

concentration along various parts of the boundary, or 
at certain points inside the domain (the latter describes 
point sources of constant concentration);

— boundary conditions of the second kind specify the 
derivative of the concentration in a direction perpen
dicular to the boundary i.e. the dispersive flux; a specif
ic case is the no-flow boundary where zero flow rate 
and thus zero advective flux is provided by the hydro- 
dynamic model; therefore in the transport model one 
has to specify the vanishing of the dispersive flux only;

— total flux can be specified by boundary conditions of 
the third kind.
For time-dependent processes the initial conditions, i.e. 

the distribution of the concentration at the instant t = 0, 
must also be specified.

A detailed discussion of the above mentioned equa
tions is not given here: the interested reader is referred to 
papers such as B ea r  and V e r r u u t  (1987).

2.2. Numerical methods used in hydrogeology

If a mathematical model is constructed in terms of the 
most important variables, it must be solved for practical 
cases. The solution is usually sought in analytical form, 
because a closed-form function is continuous in space and 
time, and further, it can be applied for a range of situations 
to be considered or to be avoided. The main drawback of 
analytical methods is that closed-form solutions can be 
obtained only for groundwater regions with relatively regu
lar geometry and simple boundary conditions. In practice, 
therefore, numerical methods are used for the solution of 
the mathematical model.

The common features of several numerical methods
are:
— the solution is sought for numerical values of the state 

variables in discrete points of the space-time domain 
defined by the problem in question;

— the partial differential equations representing the. bal
ance of extensive quantities (e.g. mass of water, mass of 
pollutant, etc.) are replaced by a system of linear alge
braic equations in terms of discrete state variables 
which must be determined in discrete points of space 
and time;

— the solution is obtained for a specific set of numerical 
values of the model coefficients instead of a general 
function of the coefficients;

— due to the large number of equations to be solved 
simultaneously, the solution can be obtained making 
use of a computer program.



Approximate solutions of the flow and transport equa
tions can be obtained by employing several numerical tech
niques. The most popular of them is the method of finite 
differences, in which the derivatives are replaced by finite 
differences. Detailed discussion of this method can be 
found in a basic text by K inzelbach (1986). The method 
of finite differences is reliable, easily programable and 
wide-spread. However, it has serious drawbacks. The most 
important ones are rigidity in treating boundaries, inflexi
bility in employing an unevenly distributed grid and diffi
culties in calculations with tensor quantities.

For these reasons the use of the finite element method 
has become more popular. Detailed discussion of the 
finite element method is beyond the scope of this paper, 
instead, the reader is referred to literature by A llen et al. 
(1 9 8 8 ) and P inder  and G ray (1 9 7 7 ), which go into 
details of the mathematical principles of this method, and 
by Bear and V erruijt (1987) and K inzelbach (1986), re
garding the application of this method to groundwater 
flow and pollutant transport problems.

In the finite element method the region of interest is 
subdivided into elements, the shape of each of which is 
such that it is possible to follow closely the boundaries of 
the entire domain as well as the boundaries of the various 
subdomains if present. The number and size of the ele
ments, however, depends on the accuracy requirements of 
the approximate solution. The approximate solution is 
sought in such a form that it could be written as a linear 
combination of piecewise continuous functions (i.e. con
tinuous over each element), which can be expressed by 
relatively simple mathematical formulae. The resulting 
function contains a large number of unknown parameters, 
which can be determined by application of minimum prin
ciples to a weak form of the basic equations.

The main advantage of the finite element method is the 
considerable flexibility in modeling aquifer formations 
with complex geometry. The same flexibility yields the 
drawbacks of this method, namely:
— the subdivision of domains with complex geometry 

needs the use of special pre-processing programs 
(mesh generators);

— the matrix structure of the system of equations to be 
solved is much more difficult then that of the finite dif
ference method, therefore the process of the solution 
demands more resources;

— the order of the approximation error cannot be estimat
ed in advance.
The program system Rockflow was used in our hydro- 

dynamic calculations to model the flow processes taking 
place in the groundwater system with respect to site selec
tion for nuclear wastes (i.e. to obtain the distribution of the 
hydraulic head and the velocity field).

The advective transport of the pollutant was modeled 
by means of a self-developed program which uses the vel
ocity field calculated by Rockflow to determine the loca
tion of the pollutant front along the characteristics (i.e. 
streamlines) in space and time.

2.3. Program system Rockflow

The program system Rockflow has been developed at 
the Institute for Fluid Mechanics of the University of Han
nover (Germany) for Federal Institute for Geosciences 
and Raw Materials (Bundesanstalt für Geowissenschaften 
und Rohstoffe) to examine hydrodynamic and transport

processes in fissured rocks (with special attention to prob
lems arisen in radioactive waste disposal). Subsequent ver
sions of the program system have been commercialized, 
and the development is continuous.

The program system consists of several modules, each 
of which can be used for different modeling tasks. In early 
1993 the following modules were available;
— flow modules for incompressible fluids and for com

pressible fluids (gases);
— transport modules for fluids of constant density (diluted 

solutions), for fluids with density dependence in space 
and time and for particle tracking in'fracture networks;

— coupled flow and transport model (density depen
dence of concentration (or temperature); iterative 
coupling of the flow and the transport models);

— pre- and post-processing modules: interactive mesh 
generator, fracture generator and graphical post-pro- 
cessing package.
Common features of each module are that (i) G aler- 

k in ’s method is applied for spatial discretization, (ii) 
anisotropic hydrodynamic and transport parameters can 
be handled, (iii) three-dimensional, transient processes are 
modeled, (iv) transient first and second order boundary 
conditions can be incorporated, (v) ID, 2D and 3D ele
ments can be used separately or simultaneously, (vi) 2D 
elements are triangles or quadrilaterals, (vii) 3D elements 
are hexahedrons, triangular prisms or tetrahedrons, (viii) 
input file of ASCII text format and (ix) binary (for graph
ics package) and ASCII (optional) output files.

A special feature , of the flow model is that non-linear 
flow patterns can be considered and special motion eqiia-’- 
tions have been incorporated for fracture elements. The- 
transport model can handle the following processes and 
properties: advection, dispersion, molecular diffusion, fast, 
reversible adsorption, radioactive decay and tortuosity.

3. The process of model calculations

The process of model calculations started with selec
tion of the number of dimensions and physical processes 
examined. It was followed by mesh generation, parameter 
allocation and defining boundary conditions. Then model 
validation and transport modeling were performed, and 
the study was terminated by sensitivity analysis.

3.1. Number of dimensions

In the early stage of exploration, geologic models 
including flow fields have been formulated in the form of 
cross sections along suitable paths. Therefore numerical 
flow models have been constructed in the framework of 
two-dimensional, vertical cross sections.

In a practical sense it means that velocity components 
perpendicular to the plane of the section are neglected in 
the flow field. The resulting planar flow field is not identi
cal, obviously, with a section of the real three-dimensional 
flow field taken along the same path. However the distor
tion has been reduced by tracing the section lines along 
representative flow paths of the entire flow fields (includ
ing recharge areas and base levels) after a careful consider
ation of hydrogeological circumstances.

Naturally, three-dimensional models representing a 
spatial structure cannot be replaced by two-dimensional 
sections, but section models, due to the aspects of selec



tion described above, are able to display the vertical flow 
fields in a near realistic manner, thus providing in practice 
reliable results from travel times calculations.

The need for two-dimensional sections is supported by 
the lack of a three dimensional geologic model which 
could serve as the basis for a three-dimensional seepage 
model, without geometrical limitations.

Streamlines and travel times obtained from a two- 
dimensional model probably would not be far from the 
results obtained for three-dimensional models, but due to 
the hydrogeologically representative character of the select
ed sections, 2D results presumably yield shorter stream
lines and thus shorter travel times compared to 3D'results.

3.2. Physical processes examined

At the recent (early) stage of exploration the physical 
processes to be modeled have been selected (limited) as 
follows:
1. In porous formations and in fissured rocks the motion 

of diluted solutions has been considered, i.e. the charac
teristics of the flow field are regarded as independent of 
fluid density and viscosity.

2. The groundwater flow is governed by gravity alone (in
cluding infiltration from the surface and the presence of 
springs on the surface) under fully saturated conditions 
which means that the unsaturated flow regime near the 
surface has been discarded and the thermohydrological 
processes (to be considered mainly at the granitic site) 
arising in greater depths have also been neglected.

3. The advective component of the transport processes in 
ground water has been calculated alone. Dispersion and 
retarding due to adsorption and radioactive decay have 
been neglected for the moment.
These assumptions and limitations (the exclusion of 

several processes) are based on common consent of experts 
with special regards to the early stage of the exploration.

Any radioactive pollutant leaving the planned reposito
ry by accident in sedimentary areas may reach the unsatu
rated zone between the surface and the groundwater table. 
This possibility raises the question whether the assump
tion of saturated flow is correct for the requirements of 
site characterization. Despite the lack of unsaturated cal
culations the model results would probably satisfy the 
requirements of the safety assessment, because, on the one 
hand, the thickness of the unsaturated zone possibly cov
ers only a small portion of the total flow path, while on the 
other hand, the velocities of flow processes taking place in 
saturated media usually exceed those resulting from un
saturated conditions. Consequently the results of saturated 
model calculations, with respect to transport of pollutants 
leaving the repository by accident, yield higher values of 
velocity and smaller values for travel times. In short, the 
replacement of the unsaturated process by a saturated one 
has been regarded as a safety factor.

3.3. Mesh generation

From the first stage of modeling, which started from 
geologic sections (T óth et al. 1996a-b), geometrical sim
plifications have been performed in order to make the 
modeling easier, trying to discard unnecessary details with 
respect to hydrodynamics. The inevitable, yet reasonable 
simplifications yielded sections which were suitable for 
mesh generation.

During the mesh generation for the granitic site we 
considered the possibility of the incorporation of fault 
zones crossing the granite into the model as marked flow 
paths. The weathered granite covering the granitic bedrock 
(with a thickness of 20 m) has also been treated with spe
cial attention, as a formation which can hydrodynamically 
affect the flow field.

For the sedimentary sites the upper part of the model 
was subdivided by a finer mesh, following the variability of 
stratification, in order to gain a higher accuracy in simulat
ing the flow field and pollutant transport near the reposi
tory located on or close to the surface. For the other parts 
of the models a coarser mesh was applied based on the 
degree of knowledge of the various geologic formations.

3.4. Parameter allocation

For modeling preliminary data for the hydraulic prop
erties of several geologic formations, namely estimated val
ues for lower and upper limits of horizontal hydraulic con
ductivity, estimated values for lower and upper limits of 
vertical hydraulic conductivity and values for effective 
porosity were received. These values resulted from hydro- 
geological knowledge of the near and far fields with re
spect to potential sites.

3.5. Boundary conditions

The following boundary conditions have been applied 
at the geologic cross sections (T óth et al. 1996a-b) slight
ly modified:
1. The bottom of each model has been considered as im

pervious {i.e. a no-flow boundary).
2. Parts of the upper boundaries belonging to creek beds 

and presumed seepage faces, have been specified as con
stant head boundaries, while other parts, belonging to 
recharge areas, have been specified as prescribed flow 
rate {i.e. infiltration) boundaries.

3. The vertical sides of the models have been determined as
— no-flow boundaries for the granite,
— “open” boundaries, that is consisting of prescribed 

head nodes which hold the value of the hydraulic 
head constant while maintaining the flow through 
the boundary.

At the sedimentary sites the bottom boundary has fol
lowed the boundary of the Lower Pannonian and Upper 
Pannonian formations and is considered as impervious 
assuming that no considerable flow takes place through it 
because the hydraulic conductivity of the Lower Pannon
ian formations is very low (k = 109- 1 0 10 m/s). Therefore 
it can be regarded as nearly impervious with respect to the 
overlying loose and permeable formations.

At the granitic site the bottom and the sides needed to 
be treated as no-flow boundaries, because the sections are 
representative with respect to the flow field, the lateral 
boundaries of which can be regarded as symmetry axes, 
therefore they can be treated as no-flow boundaries, and 
the observed decrease of the hydraulic conductivity versus 
depth makes it possible that no considerable flow takes 
place at greater depth.

3.6. Model validation

During the validation of the models two hydrogeologi
cal factors (T óth et al. 1996a-b) have been regarded as
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1. ábra. Gránit szivárgási tényezőjének változása a mélységgel
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Figure 2. The model section Üveghuta #3, its 1000 m deep, 22 km long version with fault

2. ábra. Az Üveghuta 3. modellezési szelvény 1000 m mély, 22 km hosszú, vetőzónás változata

standard: (i) the recharge and discharge rates, that is the 
flow rates near the surface, and (ii) the distribution of the 
hydraulic head, in the form of contour maps.

Regarding these considerations, a series of model cal
culations has been prepared, the results of which have 
been analyzed with respect to the above conditions. Dur
ing the calculations we changed firstly the values of hy
draulic conductivity, secondly the anisotropy ratio and 
thirdly the recharge rate. As a result of serial calculations 
we succeeded in coming fairly close to the initial head dis
tribution and to the estimated flow rate near the surface, 
therefore we regarded the results of calculations as satisfac
tory for meeting the demands of the safety assessment.

3. Z Transport m o d elin g

At every stage of modeling the main characteristic vari
ables of the subsurface flow field have been determined, 
with respect to the current mesh, parameter distribution, 
boundary conditions and hydrodynamic stresses, namely 
the distribution of the hydraulic head, the velocity field 
and the flow path and travel time of pollutants moving 
along streamlines starting from the vicinity of the potential 
repository, calculated by means of advective transport 
models.

3.8. S en sitiv ity  analysis

Sensitivity analyses have been prepared, as parts of the 
model calculations, to estimate the effect of the horizontal 
and vertical size of the section models, the uncertainties of 
the geologic structures, the distribution of hydrodynamic 
parameters and, last but not least, the formulation of 
boundary conditions.

The results of these analyses can be summarized as fol
lows. The uncertainties due to model size depend mainly 
on the nature of the boundary conditions, namely:
1. In the case of incorporating no-flow boundaries, the 

flow field inside the model becomes highly dependent 
on the model size, which in practice means that a de
crease of the model size (with invariable properties) 
yields the “speed-up” of the flow process and vice versa, 
an increase in size yields “slow-down”.

2. The incorporation of prescribed head boundaries makes 
the flow paths and velocities more independent of model 
size. However, complete independence can be gained via 
full knowledge of the real boundary conditions.
The conditions of the geologic structure have a strong 

influence on the flow processes namely the near-surface 
geologic structure close to recharge or discharge area plays 
an important role in the case of sedimentary models
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3. ábra. Az Üveghuta 3. modellezési szelvény 2000 m mély, 22 km hosszú, vető nélküli változata

whereas in the case of “granite models” a major role is 
played by fault zones, and their geometrical and hydraulic 
properties.

The hydraulic properties of the rock mass containing 
the repository strongly influence the flow processes (head 
distribution and velocity field), but an overriding import
ance is possessed by the ratio of anisotropy in sedimentary 
areas and a knowledge of the hydraulic conductivity of the 
rock matrix and of fault zones in granites.

The flow field being modeled is deeply influenced by 
recharge rate; additionally, the effect of recharge is inverse
ly proportional to the magnitude of hydraulic conductivity.

4. The results of numerical calculations

The modeling process described above has been com
pleted for three potential sites; (i) in the vicinity of Üveg
huta where the nuclear waste is planned to be buried in 
granite, (ii) near Udvari, in a sedimentary area, with a 
repository located on or near the surface and (iii) near 
Diósberény, also in a sedimentary area, with a repository

on or near the surface. For each site the model calcula
tions were prepared for several variants:
1. At Uveghuta (Figures 1-3) at first the model size was 

changed, secondly, the effect of presence and absence of 
fault zones was studied, thirdly the dependence of the 
hydraulic conductivity of the granite on depth was varied 
(Figure 1).

2. At Udvari (Figure 4), only one variant was modeled.
3. At Diosbereny (Figure 5) we examined two versions 

with the same size, one including a fault and the other 
without a fault, and the modifying effect of clay and 
sand layers near the foot of the hill was studied.
Table 1 displays the results of the model calculations, 

i.e. the travel times of pollutants from leaving the reposito
ries to reaching the surface. The most characteristic model 
variants are shown in Figures 2-5. One can learn from the 
results of travel time computations that, under the same 
circumstances of size, boundary conditions and hydraulic 
properties, the geologic structure (i.e. the fault zones in the 
case of granite and the near-surface layers in the sedimen
tary cases) plays the major role in pollutant transport pro
cesses.
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Figure 5. The model section Diosbereny #3, its 600 m deep, 12.2 km long version with no fault and with sands at the foot hill

5. ábra. A Diósberény 3. modellezési szelvény 600 m mély, 12,2 km hosszú, vető nélküli változata domblábi homokkal



Repo Rock type Potential Model variants Travel time to surface, years Figure
No.sitory site section size, m depth*width special feature minimum most likely maximum

Üveghuta 1 1000x11000 without fault 41 400 145 600 >200 000
Üveghuta 3/1 1000x22000 with fault zone 1 380 1 380 >18 890 2
Üveghuta 3/2 500x22000 with fault zone 2 620 10 800 >20 000

under
ground

granite Üveghuta Üveghuta 3/3 1000x22000 without fault 2 330 8 740 >20 000
Üveghuta 3/4 ' 1000x11000 without fault 1 750 6 720 12 020
Üveghuta 3/5 2000x22000 without fault 31 000 117 400 >200 000 3
Üveghuta 3/6 1000x22000 without fault 30 600 106 000 >200 000

Udvari Udvari 1 400x8700 without fault 380 >5 430 >5 530 4
loess, Diósberény 3/1 600x12200 fault, clay at hillfoot 1 760 >4 850 >10 000

near- sand,
Diósberény

Diósberény 3/2 600x12200 fault, sand at hillfoot 91 2 820 >8 100
surface silt,

clay Diósberény 3/3 600x12200 no fault, clay at hillfoot 3 630 >4 720 >10 000
Diósberény 3/4 600x12200 no fault, sand at hillfoot 91 3 290 >8 180 5

5. Methodological conclusions

The following conclusions can be drawn from the 
process and results of hydrodynamic and advective transport 
modeling of sites involving granite and sedimentary rocks:
1. The model validation shows that the ratio of anisotropy 

of the sediments settled near the surface can be reason
ably accurately determined by field measurements.

2. When determining hydraulic properties, more effort is 
needed to determine the value of the effective porosity, 
because it has a considerable effect on pore velocities 
and thus, on travel times, therefore it has a great impor
tance with respect to critical flow paths.

3. The geologic and structural conditions (faults, position of 
specific layers) play an important role in transport 
processes, and for this reason gaining accurate knowledge 
of these is essential in framework of further exploration.

4. In order to reliably estimate the retardation in the un

saturated zone, the determ ination of the water con
tent, at least approximately, of the strata lying between 
the surface and the water table seems to be necessary. 
In this way the calculation of velocities in the vicinity 
of the repository becomes more reliable, and the evalu
ation of how far the processes in the unsaturated zone 
can be neglected becomes more accurate. It is impor
tant to emphasize this case, because the uncertainties 
in handling the unsaturated zone must not affect the 
considerations on the choice of repository type (i.e. 
near-surface versus underground repository).

5. Moreover, one can state that for the sake of resolving 
the contradiction between the field observations and 
model results, the development of three-dimensional 
modeling of the near-surface region is reasonable, 
which, after all means an increase in the safety of the 
site characterization.
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