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I. Introduction, objectives

Regional gravitational flow system is located bekin Hungarian
Great Plain which is separated by thinner or soneggvlthick sedimentary
zone from the fluid system stored in the deep,nofteerpressured, fractured
crystalline and carbonatic basement regime. Therbhast complex is not
impermeable in spite of its great depth and fldfisarious age and content
are stored in there due to the secondary porosity ctonism. The
overpressure has generally been remained and dhe siystem has been
separated from the overlaying hydrostatic regimeenehthick pseudo-
impermeable covering sediments were deposited. Mewthe hydraulic
connection could be developed between the two zdnesuch not
uncommon geologic-hydrogeologic situations wheree tlnsulating
sedimentary layers are extenuating or missing duethe basement
morphology. The presence of the brine with highaltatissolved solid
content in the deeper overpressured system has Oewtted in the
Pannonian and Pleistocene sediments by geophyaimél geochemical
methods at several locations. The exploration e$¢hareas has significant
importance regarding to hydrocarbon mining and lymwhal energy
exploration.

The first part of the dissertation is based on mudtic analysis of
fracture networks in rock masses. The independeqteties for describing
a fracture system in a realistic way are fracterggth distribution, fracture
density and the relative dip of fracture groupsthie knowledge of these the
size of the interconnected percolation clusters bandetermined. The
representative elementary volume can also be dkiivethe function of

these three basic parameters.



The second part deals with the complex analysis thd
hydrodynamic and heat transport processes of tleeb@sically different
flow systems. This was performed by numerical maagwhere the results
of methodological analyses (percolation and remtasee elementary
volume) made on discrete fracture networks weral e the basis. The
main objective was to find the answers and expianstfor the following
guestions:

- How can the mapping of the percolation properté fracture networks
can be performed based on the most important gecaigtarameters; how
percolation depends on the input parameters?

- Could these derived parameters be determined uivazplly, could
spatial appearance and features of the fracturéerayde forecasted
precisely based on the measurable fracture paresfiete

- What minimum homogenous elementary volume carsdiein case of
fractured rocks and what is the effect of chandnagture spatial density,
length and orientation on this volume?

- What kind of method can be applied in such cashen fluid flow
properties of both porous and fractured formatishsuld be analysed
together in one system?

- Which direction the basement fluids get suppbnfr which flow paths
can be realistic?

- What kind of hydraulic connection exists betwélea fractured basement
reservoir and the overlying sedimentary formations?

- How the basement lithology and geometry effec flow field and
whether the flow is being changed as a consequefcghange in the
location of rock blocks with similar composition?

- How the flow system changes by the effect of cdtral and tectonic

variety?



- How the basement fluids can join into the grdiotaal flow system of the
younger, Upper Pannonian - Quarter sediments?

- How sensitive is the model for the change of bggnamic parameters,
particularly for hydraulic conductivity?

- What is the rate of anomaly caused by basemermuephic domes in
the temperature field?

- What is the role of conductive and convective thaw in the

development of the temperature field?

Il. Applied methods

The analysis of hydrodynamic and heat transportesses of such
hydrogeological systems disclosed in the introdurctis considerably
difficult with common methods, as software packagesen for numerical
flow modelling in porous media are not able to mmp handle the
structural elements typical for fractured resersoiBiving the solution, a
complex fracture network analysis method and madglprocedure were
used that provide tool for those problems whichtér§ind solution for fluid
flow properties of reservoirs built up by mainlystalline rocks.

The essential of the method is that the informatbtained from
the fractured rock is being systematically builtoirthe structure of the
numerical transport model. First the most importpatameters (fracture
density, fracture length and aperture distributia@rjentation) of the
individual fractures and the whole network of thek mass are being set in
an appropriate discrete fracture network simulafte next step is to make
further hydrodynamic parameter calculations onstieehastically generated
fracture networks and make percolation and reptaSea elementary

volume calculations. This information will be prased in an equivalent
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continuum model as the input parameters of the ddydramic and heat
transport calculations. Actually, considering thieole procedure, a hybrid
type modelling is performed with the connectiontioé discrete fractures
and the homogenized flow field.

The importation of integrated fracture paramet®E\Y — cell size,
connected fracture groups — effective porosity, mesbility tensor —
hydraulic conductivity) and porous rock parametiats the finite element
and finite difference numerical modelling systemgérformed by common

methods.

Ill. Summary of the results — theses

1., The percolation properties of fracture networkshich is critical in the
view of permeability — can be determined on thesakthe most important
parameters, such as fracture length distributioientation and density. The
mathematic relation between the above mentionedngi@ parameters
and the connectivity of the fracture network canm@tdescribed by explicit
functions. A series of nomograms have been madedédermining the
relation with the use of a DFN modelling methodisThelps in specifying
the percolation properties of any fracture netwavkkh known parameters.
2., The fracture networks typical for certain rdgges has been ranked into
3 percolation classes according to the#D-« (E: exponent of the fracture
length distributionD: fractal dimensiong: relative dip) parameters. The
size of the connected groups is small at low patamalues in case of the
first type, a maximum of 10 percent of the entimacfures forms
communicating network. In the second case at hajlameter values more
than 80 percent of the fractures forms connectédari&. The characteristic

fracture network of the middle zone has revers@gnties where the size of
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the interconnected system is not predictable. Tyistem reacts most
sensitively for the uncertainties of measuremenhefbasic parameters.
The second largest group containing communicatiragtdires
reaches the maximum point depending on the inpanpeters €, D anda)
when the fracture group is somewhere near to theofzgion threshold —
below and above this, the size of the sets inctudire remaining fractures
becomes smaller and smaller with the increaseeop#itameters, comparing

to the size of the largest percolation cluster.

3., Modelling procedure has been developed foraiantification of the
representative elementary volume of a given frachatwork with known
E-D-a parameter triplet. The point of the method is thathanging the
parameter values inside certain interval — equalbbable porosity values
are generated in case of all parameter tripletgrat networks with
increasing resolution. Recording then the mean stashdard deviation
values of the porosity, the representative elemmgntelume is being

specified by the calculation of the variation casént.

4., A modelling method has been developed for thaysis of the fluid
flow and heat transport processes coming off batwbe basement highs
and Neogene sediments of the Pannonian Basin. dioghy the results of
the percolation and REV calculations made by tiserdie fracture network
simulator are being built into a numerical hydrodgric and heat transport
model where the quantification proceeds as follows:
« conversion of the permeability tensor — calculateg DFN
simulator — into horizontal and vertical hydraulbonductivity

values;



e REV analysis performed by DFN simulator on the $asf
porosity, assigning REV as homogenous cell size;

« performing percolation analysis by using DFN sinmia then
estimating effective porosity from connected and connected

fracture groups.

5., There are significant amount of fluids existiimg several uplifted
basement blocks of the Great Plain which has uaicerorigin. The
numerical modelling detailed in my dissertationradiuces the upfilling
mechanism of the pre-Neogene fractured reservblrs.fluid supply of the
basements highs from the direction of younger sedtendeposited on the
slope exists all along despite of the locally olsedrextreme overpressure,
based on my calculations. This fluid pathway giggplanation for how the
basement formations become hydrocarbon reservargeh proves the
existence of special areas valuable in the viewgebthermal energy

exploration.

6., The hydrodynamic model provides evidence fat the fluid in-flowing
into the overpressured basement highs from théessflows upwards into
the Pannonian sediments. Furthermore it suppliesréigional discharge
zones of shallow gravitational fluid flow system$oray characteristic
diverging pathways above the basement complexefioning towards

surface diverted by recharge zones.

7., Numerical hydrodynamic and heat transport md@del been made for
introducing the geothermal respect of the procesimrentioned in section 5

and 6. The result of the simulation provides evidgerfor that the



geothermal and hydrogeological processes induciiymbeat anomaly in
the vicinity of the crystalline basement highsmikans approximately 20°C
at the lower section of the overlaying sedimentarynations and this effect

decreases gradually and practically ceases at 2r3@iBove the tops.

8., At the top of the basement highs where impebteesedimentary layers
are missing, both conductive and convective heat fire involved in the
development of positive temperature anomaly in skediments of the
central zone. The deduction for the combined efééd¢he two factors was
applied by analytical and numerical calculationd ams also confirmed by
specifying the Peclét-number. Accordingly the caritke and convective
heat flow takes approximately equal effect in theestigated geological-

hydrogeological system mainly due to the extrenselrent overpressure.
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