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APPLIED MAIN SYMBOLS

Symbol

V
Vk
Vir
k

kX) k)h kZ

wW
vsz
WV

mm

ai

mfp

LKV
LNV

Description

flow velocity
average velocity
critical velocity

infiltration coefficient, kK modulus,

water permeability coefficient
infiltration coefficient tensor
density of liquid material
unit storage coefficient
hydraulic head

volumetric water discharge
hydraulic gradient
threshold gradient

water discharge
cross-section area
effective grain diameter
kinematical viscosity

void ratio

porosity

effective porosity
Reynolds number

distance action

coefficient of friction

grain shape coefficient
groundwater thickness
groundwater level
thickness of aquifer
dimension of structure
distance between structures
time

flow direction

observation point

current studied parameter
independent variable
back-swelling

subsidence

Minimum water

Maximum water

Dimensional unit

m/s
m/s

m/s
m/s

m/s
g/cin

cm
cm

cm; mBf
cm; mBf



1. THE PRELIMINARYS OF THE WORK, APPOINTED AIMS

Lately theunderground establishments of large segnm@ve special importance in
the city planning because of the appreciation aftown and the decreasing of
the unbuilt areas. As higher and higher buildings glanned, so are formed the
underground spaces deeper and deeper.

Because the environment aspects come to the frloatimore and more traffic
establishments (road and railway tunnels, undergtaexpress line, subway) are
placed under the surface in the interest of the desturbing of the surface and the
protecting the security of the existing buildings.

In the scope oinfrastructural developmenthe development of the public utilities
becomes high priority tasks. In Europe in the niedwre severalnatural gas
transit-pipelinewith large diameter will be built

It can be seen, that several technical investrametsealized, which have effect on
the infiltration-hydraulic course of the groundwat@and can considerably change
those. Under the surface spaces are formed, whiltlased from the flow or
hinder the flow.

Therefore, in lack of appropriate technical secthejncreasing groundwatecan
flood the cellar of the buildings in the surrourghnof establishments or other
underground structures. It can reach the rootzdnéhe agriculture, which can
influence the productivity of the area.

On the other hand the stability of the soil canmlmese because of the effect of the
water, which can influence the stability and usedgk of the buildings.

By reason ofthe subsidence of the groundwatbe weight-stress of the soil can
significantly increase because of the ceasing efwtiater's buoyancy, and it can
indicate extra subsidence and can result damagfgecsurface.

In this topic numerous unexplored questions, proBldave to be solved. In the
recent engineering practice there is no authentittddynamic model worked out
for the examination of the back-swelling and desireg effect of the

establishments and obstacles put in the way of ifigwgroundwater. The

calculations are generally made with method of aaghing and with significant
theoretical simplifications.

To evaluate the courses and to draw the conclusibissnot wide-spread. Useful
theories for the practical technical-agrotechnptahning are not set up yet.

The main aim of research is to create a scientifimterial, whichhelps the
everyday practical designingand with this there is an opportunity to explongl a
forecast the expectable effect of the undergrolbsiazles, to estimate its order of
magnitude and to decide about the necessity didusorking sessions.
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In compliance with it my main aims are the follog#

To set up a hydrodynamical modelhich takes into consideration the
individual conditions and specifications and apphes the reality mostly.

To follow the infiltration hydraulic processes undée surface with the
help of the model.Parameter analysis. To examine and answer the
theoretical questionsvith the help of a program system, which simulates
the problem mostly.

To make local measuringn two water level observing wells settled at an
industrial work. To check and verify the validity the model with the help
of the results of measuring.

To draw the final conclusionfor the practice, especially for particular
engineering — agro engineering tasks in Hungariaological -
hydrogeological conditions.

In the first part of my work | review the literamiaccording to my work, then |
survey the theoretical background of the subject.

| discuss with the question of the modeling. | gilie infiltration’s basic equation,
which forms the basis of the hydrodynamical modgtwlation and the numerous
solving methods of the equation too. During my aeske | apply numerical

solution for the modeling, for that | use FEFLOWhik@ Element Simulation

System for Subsurface Flow (WASY FEFLOW 5.3. 3DygHlevel program

system

| show the experimental methods through a reallprobFor my research | made
measuring in the surrounding of the building of Ielakapu (CEU), which is built
in the 9" district of Budapest, in the interest of comparthg results with the
model-calculations. For my measuring two groundwigeel observing wells were
made next to the working-pit of the multilevelecedegarage bordered with slurry
wall. I knew the instrument, the technique and tlama of the water level
measuring. | explore the geological, hydrogeoldgicharacteristics of the
examined area and the technical data of the estadint. | mention in detail the
steps of the models’ structure.



2. MATERIAL AND METHOD

2.1. Searching program and model creation

Modeling process

For my research | developed raodeling idea (hypothesis). analyzed the
consequence of the change of influential parameffens the phenomenon of
backwater, droop) having influence on the outcoffritb® system.

| took test intervals in which | changed the partarein defined stages. The
extreme values of intervals were determined takittg account the occurring
boundaries of practical flow hydraulic tasks (thecalation with less or greater
extreme values has theoretical and mathematicaifisignce).The research results
are valid in the fixed interval.

The investigated parameters and intervals vary éatvwide limits therefore allow
a large number of variations. Thtise model results are widely extended and
appliedto other geological and hydrogeological conditiasswell.

By the model calculation | followed the principle lighlight and change one, two
or three parameters at once and keeping consiamesh, | simulated they effect to
the water migration processes.

| continued the investigation using the parametafiguration (variant), which had
the greatest impact (back-swelling, subsidencedaoised significant difference in
the outcome of the process. Because it charactest®ngest the type and
tendency of the change.

In some cases the result aggregations of the siimdaclarified that — taking into
consideration the ambition and the obtainable aimh should not continue the
modelling process in that direction.

Since the amount of the effect of the undergroupig¢at to the groundwater flow
depends decisively orthe geological (soil) structures, the hydrogeol@gdic
characteristics and the type of the undergroundckld extended the modeling
processes to these three main areas.

Within this | examined in detail how and in whicimaunt depends the back-
swelling (D) and the subsidence (A) on effect & thanges of:

the soil parameters
- effective porosity (g and
- coefficient of permeability (k);



groundwater conditions
- direction of the groundwater flow (&i),
- hydraulic gradient (1),
- the thickness of the groundwater in the aquie) and
- groundwater level (vsz),
underground block (structure)
- dimension (mm) and
- in case of several structure the superposingeeffect.

D, A=f(ny, Kk, 4&i,lI, v, vsz, mm, szup.)

For this developed modeling method | have prepardillustrative diagram
showing the multidirectional investigation with thdifferent parameters and
intervals (fig. 2.1.).

| also made simulations taking into consideratiom driginal conditions (geologic,
hydrogeologic, dimension of structure) of the Haflate project. This provided the
basis forthe comparison of calculations and measurements.

During my research | dealt with the control of natetion of the parameters at the
level of checking. | examined that the receivedultssof modeling process
contradict the fundamental equation of the flowlaydic (Darcy’s law: v = k |) and

.
empiric approximate relationso(nﬂ ; R=3000 g/ ) or not.
2

The requirement of the model’s precision

In case of the investigated engineering problemkin@vledge of the change of
groundwater level isexpected within decimeter accuracyhis accuracy is
sufficient to decide the necessity and type oftdofinical interventions.

My research subject concerns geological and hydiogeal systems. They
knowledge level is underdefinitive because the attaristics of the three-
dimensional formations is known in points or a line

The determination level of the parameters in thedlehshould be significantly
different from each other.

They values can be determined by on-site or laboratnalysis or with the help of
empirical formulas. Thus the data obtained in ddf¢ ways are heterogeneous.
The representativeness of modeling results shoulot mxceed the
representitaveness of the basic data system.

Therefore, taking into consideration the facts a&balescribed, 1 don’'t expect
greater accuracy from the model than the requicedracy of engineering practice
in this problem.
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fig. 2.1. method of investigation




The practical steps of modeling process

During the modeling process preparing several nsodel followed the

undermentioned general guidelinpreparation-geological and hydrogeological
data collection-the first step of calculation-modedlibration and parameter
sensitivity test-the second step of calculationkeatson of the results.

The main steps of modeling process:

The basic map creation of the modeling area. Greati the modeling
area

Creation of the grid. Grid refinement process (@ntiation)

Enter all the modelcharacteristiggeological pattern, modelproperties
(initial conditions, edge conditions, material peojes)

Running the model, calibration and final run

Showing the modeling result

The general characteristics of the prepared motelsun the program are
summarized below:

Dimension: 3D

Type: saturated

Number of layers: 4

Type of aquifer: unconfined aquifer

Time period: quasi-permanent

Time stage: 10 stages, 10 days per stages
Calculation method: finite element method

Type of cell: 6 nodes trilateral prism

Applied numerical computer program

In my dissertation in the course of the hydrodyrammodeling | resolve the
fundamental equation of the filtration by numeridalte element method. This
provides facilities to complete large amount ofcaddtions from which general
conclusions can be draw. High-level computer pnogisiavailable to the research
of the problem.

During my research | used the FEFLOW (Finite Eletm@mulation System for
Subsurface Flow) program system, which is an aedepalculation system in the
national and international practice of the hydraawtc and transport modeling
tasks. The program, which has a lot of built-in euical algorithms solves the
fundamental equation of the filtration wi@arlekin’s finite element method



The FEFLOW is a complete modeling system, which lwoes successfully the
powerful graphics capabilities with the modern coloptimisation analysis tools.

The main component of the program:

Complex, comprehensive graphical toolkit allowirfighe creation of
the final element grid, determination of the pareeneones and
indicates the edge conditions.

Data import and interpolation algorithm.

Reliable numerical algorithms and solution methods.

Real-time data analysis.

High-level 3D visualization.



2.2. Experimental methods

During my research | had the opportunity to shoe skudies through a definite
example.

To my measurements two water wells were instalked to the building pit of the

Haller Gate’s (CEU) deep level garage.

Thus | could parallel simulate the effect of thelding’'s deep level garage to the
natural groundwater flow and measure the effectivagter level data in the

monitoring wells.

By the calculations and measurements the influeneater migrations were

traceable and the principles determinable.

Characterisation of the investigated area

The area is situated at the Danube bank of Pe¢keiMillennium city centre in the
axis of Haller Street. The minimal distance frora tiver is 40 m. The two blocks
of buildings is built with a 3 storey deep levelrage. The ~110*40 m building
area is built with diaphragm wall limitation. Theaghragm wall is into the
oligocene clay bottom engaged. Thus, forming arfiaat block it closes as a
~wall” the way of the groundwater in 110 m length.

The city centre was built in the past few yeardwaitulti-storey deep level garages
block of buildings with diaphragm walls as well. tkeen the currently under
construction and the already existing structureseweral kilometres length there is
only a ~ 15-20 m long unbuilt sector where the floflgroundwater is not limited.
At the rest area the diaphragm walls form a cowtisu,wall”, which blocks the
groundwater flow.

In geological aspedhe area and its surroundings has a typical sefisgata until
the construction affected depth. Thettom layer is the Oligocene clay series of
strata, which surface is situated in 13-15 m uriberground level. Between the
clay layers silty sand and sand soils were depasedaried arrangement and
dimension.

The bottom clay layer is covered by Pleistoctsreace gravel of Danube, which
is composed of gravely sand sandy gravel soils.

The cover layer of this series of strata is characteridycelolocene fine-grained
sand and very fine sand soil, which surface is \aitbay from the river getting
thinner backfilling covered.

In flow hydraulic aspecthe area is situated within the direct affectiome of the
Danube ~40 m away, where the fluctuation of theigdwvater is controlled by the
all-time changes of Danube water levels. Due toptioimity of the river there are
very dynamic groundwater ascent and descent amd dicection modifications.
The magnitude of the groundwater level fluctuatiam exceed several meters, in
extreme cases can reach 8,0 m as well.
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Groundwater level measurement

At the investigated area there are two groundwakanitoring wells built in
December 2007, situated perpendicular to the Daimulbee section of 1643.700
river km. The Well I. was built at the Danube sfehe working area and the Well
Il. at the opposite site shown in fig. 2.2 and 2IBe wells are reached to the
surface of bottom clay layer.

| weekly performed the water level measurementihenwells through one and half
year with Eijkelkamp Agrisearch Equipment.

Detection of Danube water levels

Since the depth of the groundwater level and thgnimade of fluctuation are
defined by the all time water level of Danube Iv&ayed the principle of the
hydrological behaviour of the river as well.

The closest gauge to the investigated area iBtldapest gaugsituated at the
Vigado6 Square.

| determined the Danube water levels at the meetiogauge by the database of
Water Data Bank.

With the help of the gauge data taking into accabtet drop of Danube in the
investigated section the Danube water levels wefiaable.

The one and half year period | investigated — fidacember 2007 to August 2009
— involves the full range of water level fluctuatio

Relationship between the Danube water level and giheundwater level

Exploring the characteristics of flow regime of theer and the data in the
groundwater monitoring wells | stated the princgplef the Danube water level
following groundwater flow:

In case of persistently low and under 97,8 m Baliwer water level the
groundwater flows toward the river and develops eendorary steady-state
condition between the river and the groundwater.is Thituation changes
immediately when the river grows. Then the draifeafof the river ceases and
begins the inflow from the river into the aquiféhus due to the flood the Danube
water level is 1-1,5 m higher than the groundwaéseel of the surroundings
because the groundwater only delayed, dependintpemistance from the river
and only after a certain time follows the waterelensing of the river. The delay
time concerned to the examined area can be detednmnl day.

The above-mentioned process keeps until the riveods and the aquifer
impregnates. If the river begins to droop, the @&bodescribed charging of the
system ceases and begins the discharge of thedalayed as well. Consequently
near the riverbank occurs 1-1,5 m level differeneeporarily between the
groundwater level and lower Danube water level.

This delayed dynamic water flow there and back,the constantly acting process
between the river and the groundwater is a permactimg factor.
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Figure 2.2. The location on the layout plan

Figure 2.3. The site of the groundwater observing wells
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3. RESULTS AND EVALUATION

3.1.Examination of parameter sensitivity

The main aim of my research was — exploring thagpies of the underground
establishment’s effect on the groundwater flow hwite full knowledge of them —
to create a scientific material, which helps thergday practical designing and
generally usable on the technical — agrotechniebd.f

During my work with the help of the simulations dtganswers to the questions,
and based on these | summarized my results.

The results of research are valid within the exadimanges with the exactness
demanded by the task.

Concerning the geometry of the geological formationhat extent of land is
necessary to be examined?

In point of horizontal extensidine primary point of view of taking the modeled
area is that the depressions — formed as a rddigtivomodifications caused by
the obstacles — don’t go over the boundaries.

To this question the examination of the long-distaeffect gives answer. It can
be stated as a result of the modeling, that thee gizhe examined structure and
the thickness of the flowing groundwater are theheinant in the emergence
of the long-distance effect and together with thistaking the size of the
modeled area, besides the infiltration coefficient.

At determining the extent of the modeled area t@nal boundaries (see: line
of the Danube) has to be taken into consideraaod, the fact as well that at
the edge of the area distortions rise comparekdeodal condition.

In point of depthl examined 5,5 — 40 m thick water-holding layergé&ther
with this | changed the thickness of the flowingwgndwater between 0,7 and
35m.

At back-swellingt can be stated, that with increase of the thiskribe effects
caused by the obstacles change with different t@nddepending on the type
of the soil (taken into consideration the rangenveen k=1C and 16° m/s).
But dependent on the size of the structure fromathter thickness of 20-30 m
a “limit depth” comes into being and over this #féects approach to one value
in different soils. Practically the back-swellingscome independent from the
type of the soil, the differences between them ielate, their value becomes
stable.

At subsidencavith rise of the thickness the tendency of the &ldrge is the
same independently of the soil. The limit deptlsées to ~10 m, where the
effects have nearly the same value independenttigeofoil. (Figures 3.1. and
3.2)

In general: in lack of impermeable base, the mimmthickness of the water-
holding layer is 25-35 m and the thickness of gowater is 20-30 m, which
has to be considered at the modeling.
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Which of the material characteristics of the diffent geological formations
can be considered as homogeneous? What dimensiothem gives the best
result?

In point of view of the k coefficietthe examination of the soils of different
material characteristics resulted the followings.

At back-swellingconsidering the effect of the underground estabilesfitsthe
soils with infiltration coefficient of 18, 10% and 10* m/s can be taken as
homogenous, are reducible as one layer. The validee modeled effect
change within 5 cm, practically they are equal. sTkmall difference is
negligible from the point of view of the designitagks.

At examining of subsidend¢ke above-mentionedomogeneous range expand
with the type of the soils with T0k coefficient. (Figure 3.4.)

In point of effective porosity the above-mentioned soil ranges the difference
from the values in the technical literature witdi®-% result changes only by
centigrade in the effects (back-swelling, subsiégnc

So it can be stated that in case of given soilantracted soil fractions, the
application of the nfree gap volume average value gives a convenesutltr
for the planning.

The change af the infiltration factor — back-swelling
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Figure 3.3. The change of the infiltration coefficient — baakedling
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What level of simplification of the explored rocknd soil stratification is
permissible?

At defining the layer borders and the layer numitkesfollowing soils can be
mentioned as one layer: soils with infiltration ffméent of 102, 10° and 10
m/s in point of view of back-swelling, and soilsthwinfiltration coefficient of
102, 10%, 10*and 10° m/s in point of view of subsidence.

It depends on the thickness of the groundwaterifigwn the impermeable
layer, that in the geological model can we takeldlyer borders as a horizontal
line or not. In case of lower (~0-5-5 m) water Kmess bigger differences are
in the effects caused by the obstacles. So inititésval it is practical to take
into consideration the slope, the skew of the layethe interest of more
punctual result.

At thickness more than 5 m taking of horizontal elayporder is a good
approaching.

But the exploration of the examined geological sunding happens practically
in points or sometimes along line, so the spedificeof the soil stratification is
a result of interpolation. Therefore the basic dsyatem of the modeling
doesn’'t make necessary to consider the level difiegs within order of
magnitude of 1-2 m.

17



What extremely important parameters’ determinatiosi necessary to reach
the calculation results appropriate to the aims, &with what accuracy?

During my research the row of the determinant aedligible parameters
become unambiguous from the point of view of thelarground structures’
effect on the groundwater flow:
determinant parameters:

the infiltration coefficient of the soill,

hydraulic gradient,

the thickness of the flowing groundwater,

the direction of the flow in relation of the strucs,

the dimension of the structure (obstacle).

negligible parameters:

effective porosity
At determining the parameters the refinement of Kheoefficientwithin the
range of one order of magnitude leads to no madiabte result within the
range of 1¢ and 10* m/s in the case of back-swelling and within thege of
102 and 1¢° m/s in the case of subsidence. Between theseslitmit difference
of the effects is within 5 cm.
As a result of modeling it can be stated that betw¢he change of the
hydraulic gradientand flow modifications caused by the obstaclesinsar
relation in the interval of 1=0,001-0,009. Accordito the order of magnitude
of the caused effects the value of gradient is ghdo be provided with the
accuracy of 10 cm/100 m and be changed in suchedsgon order to get
appropriate results.
At the effect of the water-conducting layer and tickness of flowing
groundwater the examination in every 2-3 metersddedo determine
reassuringly the dimension, tendency of back-snglind subsidence within
the groundwater’s thickness of 0,5 — 10 m. Abowe ttiickness of 10 m it is
sufficient to monitor changes in every 10 m.
The modellings verified unequivocally that the ks flow modification is
caused byflow direction perpendicular to the structure. It is practicaltls
planning to consider the resultant of the flow wath angle 0-10with the front
of the structure, because of the exploration l@fethe real hydrogeological
surrounding.
The soils with infiltration coefficient of k = 1¥) 10° m/s react to the change of
structure’s dimensionsensitively. At these soils the accurate calcoiati
requires modification in steps of 10 m. In the ca$esoils with infiltration
coefficient of k = 10 - 10° m/s the back-swelling and shrinking effect of the
structure dimension’s change is low (within deciengtHere is sufficient to
examine the effect caused by the changes of dimemnsievery 50 m.

For the parameters the above given and limited kedye-levels are necessary
and sufficient for the accuracy of the task. (Cbagt1.)
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In what extent should be practical taken into acaatuthe change of surface
and groundwater data in time at the affected hydemgogical environment?

The daily (hourly) data of Danube water levels fritva database of Water Data
Bank were available to my study.

| weekly performed the water level measurementhia installed two water
level monitoring wells through one and half year.

It can be stated, that the durability of Danubeewétvels and the water levels
after constant water levels significantly influertbe effects of structures next
to the river (back-swelling, subsidence).

Therefore, in knowledge of the results it can lagest, that near to the big river
the weekly groundwater measurement is definitelgessary to establish a
correct connection in aspect of the task betweemtbasured water level data
and the modelling values. The measurement perialll Isé determined so that
the large part of the river water level intervalnche appeared in the
measurement period.

In what extent can be the research results exterfdled

One aim of my research was that the obtained mesalild be applied in other
geological, hydrogeological environment as well.

The results can be widely extended according tdat@wvings:

* | performed the examination of several parametiarsmany (soil,
groundwater and structure) aspects.

» The accepted examination intervals cover a wathgye of geotechnic and
flow hydraulic. (My research extended from the gidvaction to the silty
sand, silt fraction).

» The variation possibility between the intervaleidathe different
parameters is numerous. The combination is witlrepektition taking
account of the examined parameters:

=) ==+ (5em) ~ (Gag) =57 5+5+5-3=1875

» Towards the widespread application | preparedtianal relationships
described with approximate polynomials (chart 0 &) and
« | worked out surface diagrams in case of backmeate droop (figures 4.3.
and 4.4.).
With the help of thesurface diagramsnd thepolynomials which describe the
tendency of the effects can be the back-swellimgssaibsidences caused by the
blocks determined (by interpolation if necessaiy)e polynomials and surface
diagrams are available in case of prescribed pasansenfiguration (variant)
to determinate approximate values of unknown itdges points between
prescribed intervals. With their application at feliént geological and
hydrogeological areas and in case of different attaristics of structures we
can obtain correct results with the task-requirezlieacy.
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With the help of my scientific results, before prapg a complex, laboursome
hydrodynamic modeling an opportunity presents fitselforecast and to explore
the expectable effect of the underground struciutesestimate their order of
magnitude and to decide the necessity of the fuslwking phases. In terms of
this:

| defined descriptive survey parameters of grounderaflow influenced by
structures.

| determined determinative and negligible parametdrom the aspect of the
phenomenon.

| restricted necessary and sufficient level of kniedge of parameter
according to accuracy required by the applicaticarget and the task(see the
above)

In the interest of helping and lightening the estighment of the
hydrodynamic model calculation’s basic data and nebdiata system, which
requires long time and hard work:
| determined the limit depth and the minimum thickss of groundwater,
to which level effects caused by objects changé wlifferent tendencies
(depending on infiltration coefficient of the agehpt Below this limit
effects converge to one value, practically becomindependent from the
type of soil.
In the case oback-swellingthe limit depth is: ~20-30m depending on the
dimension of structure, in casesafbsidencé lessens to: ~10m.
Minimum thickness of water-holding layer to be takieto consideration at
modeling is: 25-35 m, and it is 20-30 m in case tbickness of
groundwater.
With this | gave the necessary size of the examgeadogical formation, in
point of depth.
| defined ranges, within soils with different mated characteristics — with
different infiltration coefficient — behave nearlyidentically from the
aspect of the question in hand.
In case of back-swellinthis range is between f@nd 10" m/s,in case of
subsidencehe range is expended by soils having k-coeffic@rnL0° m/s.
Based on this these soils can be can be takennasgemous, are reducible
as one layer, so the soll stratification can bepéifrad significantly and the
model can be set up easily.
| pointed out the range of groundwater thickness ere slope of layer-
borders has to be taken into consideration.
Within the range of ~ 0,5 — 5 m of water-thicknes® slope and skew of
layers is expedient to be given, but level diffees of 1-2 m are not
necessary to take into consideration for the madeli
Above 5 m thickness, borders of layers can be takdmorizontal lines.

The significance of the results is that they agegéeand simplify the modeling
considerably in practical planning.
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As a result of my research | found correlation betan different thickness of
flowing groundwater and the effects caused by stires put in its way that |
worked out in graphical formChapter 4, Figures 4.1. and 4.2.)

The significance of the graphs is that the tendesfcthe back-swellings and
subsidences can be given immediately and unambstyiatith the knowledge
of infiltration coefficient of the water-holding #®. Its dimension can be
estimated quickly and with good approaching — atersng the determinant
joint state of parameters.

The validity range of graphs is: groundwater thessibetween 0,7 - 35 m.

The tendency of the back-swellingFigure 3.5.)

In the interval of10? > k > 2-3*10% m/s the value of the back-swelling
decreases gradually with the increase of groundisateckness.

In the interval of2-3*10* > k > 7*10° m/s the value of the back-swelling
increases until a given water’s thickness, thedlgaHly decreases.

In the interval of7*10° > k > 10° m/s the value of the back-swelling
increases gradually with the increase of groundwaatkickness.

In case of k coefficient 0f0° m/s the tendency is equal with the previous
interval at minimal back-swelling.

The dimension of back-swelling:

Considering the differenk coefficients at the smallest water surface is the
difference the largest (more dm) in the valuesamiidsswelling.

With increasing the water surface the difference tioé resulted effects
decreases at the individual infiltration coeffid®n

After reaching a certain water’s thickness of 20a3@depending on joint state
of parameter) the values of the back-swelling augabwithin 5 cm difference,
so it practically doesn’t depend on the water peatnigy of the soil.
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Figure 3.5. The tendency and measure of the back-swelling
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The tendency of the subsidence:

In the interval ok = 10% - 10* m/s, between water’s thickness 0f3-9 m
is the subsidence the largest, practically at egahles of subsidence. In
case of smaller or larger thickness the dimensiénthe subsidence
decreases.

In case of infiltration coefficient ok = 10° m/s, between water’s
thickness of~0,7-5 mthe subsidence increases relatively abruptly, hed t
it decreases gradually with the increase of thektiass.

In case of infiltration coefficient df = 10° m/s there is relatively constant
increase at minimal values of subsidence.

The tendency of the subsidence:

At the smallest water’s thickness are the largéeinces (within 10 cm) in
the value of the subsidence in case of diffekerdefficient.

In case of current joint state of parameter, theesare practically the same
within cm from the water’s thickness of 10-15 m, tke subsidence doesn’t
depend on the infiltration coefficient in this intal.
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Figure 3.6. The tendency and measure of the subsidence
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| show the characteristics of the correlation systeof infiltration coefficient,
thickness of flowing groundwater and size of struc¢ on a 3 D surface
diagram. With the application of the diagrams, thealue of back-swelling
and subsidence can be determined easily (if coefit “k”, thickness of
groundwater and size of structure is providedThapter 4.: Figures 4.3. and
4.4)

The significance of creating these surface diagrnamnisat they help to estimate
the underground establishment’s effect on the ghawater flow and with this
to decide and plan the necessity of further worlghgses.

| prepared the calculations with hydraulic gradiealue of | = 0,003 at nearly
perpendicular state. In case of other parameteifg pf state (variation) the
effects (read from the diagrams) can be modifiethswering the other
determined rules.

The surface diagrams are applicable:
at infiltration coefficients of k = 16— 10* — 10° m/s,
between groundwater’s thicknesses of vv = 0,7 m35
at structure’s dimension of mm = 110 — 160 — 210 m.

But the diagrams can be worked out for differemgtfar or lower) values too;
their validity range can be extended. But from ploent of view of the practice
the flow between these intervals is the most charstic generally.

| developed a chart, in which | summarized the rdtswf the prepared
simulations. The chart determines the back-swelliagd subsidence effects of
underground structures put in the way of groundwati#ow according to the
examined parametergChapter 4: Chart IIl.)

With the help of the chart the tendency of the @ffecan be determined
unambiguously, their order of magnitude can bevedtd well between certain
limits.

The results of the chart are valid in case of thed parameters, within the
examination ranges given for those.

| set up function relation between the change offdrent parameters and the
back-swellings and subsidences established becaosethe effects of
underground structures put in the way of groundwatdow. | wrote the

relation with the help of convergent polynomialCharts I. and 11.)

The polynomials are suitable for determining thevawgent value of unknown
points, in case of certain parameter’s joint ofesta

With the help of the polynomials — knowing the cergent order of magnitude
of the calculated effects — it can be decided tinate is necessary and worth to
make further detailed hydrodynamic model calcutatio not, considering the
significance and importance of the examined problem
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Variable Stationary Back-swellin
parameters parameters 9

Hydraulic k=10° m/s 1
gradient w=5,7m —(— 198414+ 49,0896« - 7,2255%* + 0,810417%° + 0,0330729(4)
I [-] mm=110 m 4
Infiltration 1=0,003 1
coefficient w=5,7m —(326+ 302392x +131829x° + 238083«* +ZL47083(4)
k [m/s] mm=110 m 4
G dwat
icknoss | k=10° ms ;11(787863- 301691x + 543213¢ - 528009¢ +0,29619%" - 0,00954049° +1,62924 10 *x° - 1137*10 °X’)
w [m] 1=0,003 14

mm=110 k=10"m/s % (— 297126+169817x- 3145x% +310104¢ - 0175774"* + 0,00570675%° - 98046510 °x° + 687422 10 7X7)

k=10° m/s
%(— 205391+ 934392 - 151535¢* +1,3922%° - 0,075468%" + 0,0023761%° - 39939210 °x® + 2,75572* 10 7X7)

Distance I:O,O303
between k=10"° m/s
structures w=5,7m 358- 155457+ 0,10219%* - 0,00322438* + 0,00003372%*
t [m] mm=110 m

The x value in the formulas is the actually exardiparameter, an independent variate, dependinggiesée | the change of
the examined phenomena (back-swelling).

Chart I. Polynomials — back-swelling
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Variable

Stationary

Subsidence
parameters parameters
Hydraulic k=10° m/s 1
gradient w=5,7m —(— 298133+ 541813 - 134109%* +1,71875¢ + 0,0757813(4)
I [-] mm=110 m 4
Infiltration 1=0,003 1
coefficient | w=5.7 m =(312+109908x + 523458 +107417° + 080416%")
k [m/s] mm=110 m 4
Sroundwater k=10° ms %(186093- 101541x+188143¢ - 185893¢ + 010544%" - 0,00342304° + 587775 10 °X° - 41180110 7x)
w [m] 1=0,003 -
mm=110 k=10"m/s 211(19$77- 11604x+222023¢* - 2,25232¢ + 013054%* - 0,0043113%° + 7,5040310 °x° - 531311* 10 7X7)
k=10° m/s
%(251491— 112475 +187216¢ - 171512¢ + 0,092207&" - 0,00288044° + 48107610 °X° - 33030410 'X')
Distance I:O,O303
between k=10"° m/s
structures w=5,7m 167 - 0,40257X+0,028997%° - 0,000947048&> + 0,000010082%*
t [m] mm=110 m

The x value in the formulas is the actually exardiparameter, an independent variate, depenuwliftgs see | the change of the
examined phenomena (subsidence).

Chart Il. Polynomials — subsidence
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3.2.Water level data measured in wells

As a result of the analysis of Danubian water lelegh and the observing of the
groundwater level lasting two years unambiguougipeared the slurry wall's
modifying effect on groundwater flow.

The differences of water levels on the two sid¢hefslurry walls — which are only
at 40 m distance from each other, are fixed in® d¢lay substratum and can be
considered as impermeable — completely verify thgtimacy of raising the
problem and the necessity of the analysis of tlemgad conditions, effects.

The high correlation of the water levels of the Dla@ and the well No. 1 nearby
can be read from the chart too.

| gave the layout plan location of the wells on fhigures 2.2. and 2.3. in the
Chapter 2.2.

Water levels of the Danube and wells

Wiater level mBf
;]

i i3y ke

m F AR
R

Figure 3.7. Water level data
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By the measured results three cases can be sepaiatéhe analysed time, which
is shown in Figure 3.8.

1. Low water period of the Danube, 95,8-96,3 m Balevel

The groundwater flows towards the river Danube,cligollects the water like a
gallery.

In both wells the water level is higher with 4-6& ¢han the water level of the
Danube.

The water level difference between the two wellsvesoin 30 cm intervals,
decisively the water levels are higher in the Watlext to the river.

According the modelling taking into consideratidre toriginal capabilities there
was a 45 cm water level difference between the matel of two wells at the two
sides of the structure (block). The water levahia Well Il. was lower.

2. River water level between 96,3-97,8 m Balticclev

The drain effect of the river decreases gradu#itlyg,groundwater turns into nearly
stagnant state.

The water level in the Well I. is 5-42 cm highedalr71 cm lower in the Well 11.
than the level of the Danube.

The difference between the measured values ofwewells is increased, the
water levels in the Well I. were 36-75 cm higher.

It should be noted that the measurements do ndiircoithe assertion of the
professional literature that the average Danubemlavels (97,8 m Baltic level)
cause these conformation of stagnant water elevatio

3. River water level above 97,8 m Baltic level dngh water period

In case of flood the Danube already charges irgddlrace gravel aquifer.

The water level of river is 10-126 cm higher thae tevel in Well I. and 101-
392cm higher than the level in Well 1.

The water level difference between the Well I. &udll 1. which are ~40 m far
from each other, increases to 65-266 cm. The viewet in the Well I. was lower.
According to the modelling process there is a Ih5ddference between the water
level of the two wells at the two sides of the stawe (block). The water level in
the Well I. was lower.
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Figure 3.8 Relationship between the water level of Danutikthe groundwater levels




3.3. Comparison and evaluation of the modeling ancheasuring results

| compared the measuring and modeling values of 8tieration and groundwater
changes occurred by effect of the real structure.

The measured water level data in the wells andgsithelations results considering
the tendency of the phenomenon show full conformity

The simulations were performed by the two extrenagewlevels (maximum and
minimum levels) of Danube. The calculations vedfithe dynamic there and
backwater flow between the Danube and the grouretw8turing the low water
period prevails the drain effect of the Danubetts$ time the water level of wells
are higher than the water level of river. The bawalelling effect develops in the
Well 1. During the high level period the Danubeacpes into the groundwater. The
water levels of wells are lower than the water lexeriver. The back-swelling
effect develops in the Well I.

The evolved differences in order of magnitude shibevlarge complexity of the
real situation contrary to the simplified model.

During the research | measured the flow modifyirffpa of the underground
structures not with an analogy special machineviotit a full size (1:1 scale) in-
situ large-sample experiment, which is under tlieiémce of countless uncertainty
element of the surroundings.

However, eliminating the accumulated modifying eaurom the measurement
results, within the task required accuracy of detms the results of the modelling
process are obtained.

Modifying effects which cause the differences:

The difference between the results is caused onotiee part by the huge
influencing role of durability of Danube water léseWith this relationship
further modifying coefficient is the storage timetbe water in the aquifer and
the conditions of water levels after the permaryemtjh or low water levels.
Another result influencing effect is that the sindiaes near by the Danube
connect precipitously to the river.

The distance between the river and the diaphragthisveelatively small (40
m).

At the bank of the Danube there is a several mateep embankment wall,
which was built during the river regulation.

There are numerous structures with diaphragm vealleell next to the studied
object parallel with the Danube in several kiloraestamong which is only a 10-
20 m wide sector available to the free flow.

Therefore the groundwater is crowded into the nassector between the structures
and the Danube (gets trapped between the embanksadistand the diaphragm
walls). It storages here for a long time and itgelancreases significantly. This
phenomenon is still increased by the durabilityhef Danube water level. By these
reason the in-situ measured back-swelling and dahse effect is modified
compared to the results of modelling process.
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Therefore it can be seen, that the proximity ofltrge water stream (~ 40 m from
the Danube) on the one hand provides facility tmlgtvarious questions of flow,

on the other hand it makes difficult the obviougrespondence between the
measured and the modeling values.

| verified the validation of the modeling results the other side as well. On the
one hand | compared the analytic results of presviogdrogeological expertises at
the surroundings of the examined area with my mogelalues. On the other hand
| controlled my results in a simplified numericarin with the MODFLOW
modeling system based on the finite difference ogktiThe values of the three
different methods are summarised in Figure 3.9.

Figure 3.9. Comparison of the results

The comparison of the results of different caldatatmethod was only in wider
parameter intervals possible having regard to tiadyéical calculations.

By the diagram it can be said that the values ahemical methods are almost
conformable within decimetre differences. The ressthken from the analytical
approximation calculus, until the dimension of @) m wide structure, have a
difference in decimetre dimension compared withithekwaters of the model.

In summary it can be stated, that the hydrodynanuodel prepared to the study of
the effect of structures created in the way ofgrmindwater flow — in the definite
validity limits, with the required accuracy of thiask — is suitable to solve the
problem.
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4. NEW SCIENTIFIC RESULTS

1.) Determinative and negligible parameters ana teeel of knowledge
| defined descriptive survey parameters of grouridwdlow influenced by
structures. | determined determinative and nedkgiarameters from the aspect of
the phenomenon (back-swelling, subsidenc&eterminative parameters
infiltration coefficient of soil, hydraulic gradién thickness of flowing
groundwater, direction of flow according to theusture, size of structure
(obstruction) Negligible parameterseffective porosity.
| restricted necessary and sufficient level of klemlge of parameter according to
accuracy required by the application target andakle.
- Refinement of the_infiltration coefficientvithin the range of one order of
magnitude leads to no more reliable result withia tange of 16 and 10" m/s
in the case of back-swelling and within the ran§d®* and 1 m/s in the
case of subsidence.
Value of hydraulic gradiens sufficient to be provided with the accuracyl6f
cm/100 m.
Thickness of flowing groundwatdras to be examined in every 2-3 meters
within the thickness range of 0,5 — 10 m. Above ttmekness of 10 m it is
sufficient to monitor changes in every 10 m.
Largest flow modification is caused by flow diregti perpendicular to the
structure.
In the case of soils with infiltration coefficientf k=10% 10° m/s, size of
structurehas to be modified in steps of 10 m. In the casesais having
infiltration coefficient of k=10 - 10° m/s, effects of change in size is sufficient
to be surveyed in every 50 m.

2.) Setting up data system for hydrodynamic modétdation
| determined limit depth and minimum thickness odupdwater, to which level
effects caused by objects change with differentdéecies (depending on
infiltration coefficient of the agent). Below tHisnit effects converge to one value,
practically becoming independent from the typeaf. s
In the case oback-swellingthe limit depth is: 20-30m, in case sfbsidencet
is: 10m.
Minimum thickness of water retentive layer to bketa into consideration is:
25-35 m, and it is 20-30 m in case of thicknesgrotindwater.
| defined ranges within soils with different matriproperties behave nearly
identically from the aspect of the question in hand
In case ofback-swellingthis range is between ftand 10" m/s, in case of
subsidenc¢he range is expended by soils having k-coefftoiri0° m/s.
| pointed out the range of groundwater thicknessreftilting of layer-borders has
to be taken into consideration.
Within the range of 0,5 — 5 m of water thicknegspf layers is expedient to be
given, but differences of 1-2 m are not necessatgke into consideration.
Above 5 m thickness, borders of layers can be takdmorizontal lines.
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3.) Graphs applied for determining back-swellind aobsidence

| found correlation between different thicknessfloiving groundwater and the
effects caused by objects put in its way that lke&drout in graphical form.

Figure 4.1. Back-swelling — graph

Figure 4.2.Subsidence — graph
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4.) Surface-figures applied for determining baclelwg and subsidence

| portrayed characters of correlation system fdittiation coefficient, thickness of

flowing groundwater and size of structure on a 3Wface diagram. With the

application of the diagrams, values of back-swglliand subsidence can be
determined (if coefficient “k”, thickness of groumdter and size of structure is
provided).

Legend:
I mm=210 m
I mm=160 m
I mm=110 m

Figures 4.3. and 4.43D surface diagram — Back-swelling, subsidence
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5.) Table applied for determining back-swelling sotbsidence

| developed a table determining back-swelling anus&lence effects of objects put
in the way of groundwater flow according to theds¢al parameters. Tendencies of
effects can be determined clearly, their order afgnmitude can be estimated

sufficiently.

Parameters. Tendency and order of magnitude of effects

mrg(rjlzlelgg Back-swelling Subsidence

Angle
between
direction of
flow and axle Increasin Increasin
of structure is g g
parallel -
perpendicular
Hydraulic
gradient Increasing Increasin

| =0,001- linear increase 9
0,009
Free volume : . Nearly identical

Nearly identical :
of gaps . | Order of magnitude of
= Order of magnitude of the change is h i

ng= 0,15 — one in a hundred the change isone in a
0,35 hundred
Infiltration . :
coefficient Nearly identical i(!l\le?w?irclzél

—1072 6 Change is within . : .
k=10"-10 Decreasing Change is | Decreasing

50 mm between o
m/s W=3-35m within 50
mm

Thickness of
flowing Increasing Increasing
groundwater | Decreasing then Increasing then ﬁ::?g;;l:]y
vw=0,7 - 35,2 decreasing decreasing g
m Converging to one value Converging to one vajue
Size of
structure . . Near ly Near ly
(object) Nearly identical | identical identical
mm= 110- Increasing Change is within| Change is| Change is
160-210 m 100 mm within 100 | within 100

mm mm
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6. CONCLUSIONS, PROPOSALS

The back-swellings, subsidences (developing becanfsehe effect of the
underground establishments) are problem for therosnding technical
establishments or the agriculture, if the permdgeatitanged water levels rise over
the highest groundwater level till then, and sub%idlow the lowest, or the arising
long-effect reaches the borders of the danger zone.

If the effects caused by obstacles put in the viayihg groundwater increase or
decrease the water level within the characteridlictuation zone of the
groundwater, then they can be danger for theiosuaing by their durability.

So one of the directions of damage’s examinatioto isletermine the order and
measure of water level increasing and decreasihg. dther one is to state the
durability and the possible stabilization of thesects. In that, the damage comes
into being or not, the durability (time factor) hgseater importance, than the
measure of the back-swelling, subsidence.

Because of the effect of the high and long-lastuager level, that is different from
the water level till then:
 on the agricultural areas the productivity of thegetation can change, or
maybe the damage of the roots can lead to the ayihgf the whole flora;
areas with inland water can come into being;
* in built-up surrounding overflow of the undergnalispaces can come into
being;
* the stability of the soil can be significantly ige, which can result the
subsidence of the buildings.
In consequence of permanently low water level:
« the productivity of agriculture can decrease, beathe vegetation can fully
shriveled;
* on urban area extra subsidences can arise bechubke increase of the
geostatic stress, which can result building damages

Beyond my theme it can be subject of further exaiom to decide the necessity
of technical steps, which serve to decrease thefoareffects and to cross the
development of the effects. And to determine andkwaut the intervention’s
method.
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6. SUMMARY

During my work of research | performed the real@af the aims after the review
of the technical literature.

| simulated the flowing courses modifying by théeetf of the obstacles under the
surface with hydrodynamic modeling. | used for nmxgmination FEFLOW Finite
Element Simulation System for Subsurface Flow (WABEFLOW 5.3. 3D)
program system.

For my research | elaborated a modeling idea, athgsis. | analyzed the results
of the parameters — which determine the occurrenasating to the consequence
of the system. | follow the principle that — byts®l out from the real data, picking
and changing one, two or three from the parametard, holding the others on
standard value — | simulated their effect on theewenigration processes. |
continued the examination on the line of the patame

| made the examination on the way of that jointestd parameter, which produces
the largest effect (back-swelling, subsidence) esults a significant difference,
because this describes mostly the nature and tepadénhe change.

| could compare the results of the hydrodynamic etiad with measurements of
two groundwater level observing wells of the sifeaoreal industrial work and
hereby | could verify the validity of the models.

The local measuring, and partly the calculationslenan the basis of the analytic
and numerical methods verified that the model itable for simulating the effect
of the underground establishments on the groundiate.

During my research with the help of the simulatibgst answers to the questions
made at the aims, on the basis of these | drafiedaw researching results.

The main aim of my research was — exploring thagpies of the underground
establishment’s effect on the groundwater flow hwtte full knowledge of them —
to create a scientific material, which helps thergday practical designing and
generally usable on the technical — agrotechniekd.f

With the help of my scientific results, before prapg a complex, laboursome
hydrodynamic modeling an opportunity presentsfitsel

to forecast the infiltration hydraulic processes,

to explore the expectable effect of the undergronivetacles,

to determine unambiguously the tendency of the dIsacdlings,
subsidences,

to estimate their order of magnitude and

to decide the necessity of the further working plsas

So the results of the measuring and modeling ‘eefifhe lawfulness of raising the

problem, and the necessity of the analysis of thanged water-migration
processes.
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