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AN APPROACH TO EVALUATE A GEOCHEMICAL
MODEL - SIMULATED RESULTS VS. RESULTS
OF CHEMICAL ANALYSES

HANA BAAROVA

Institute of Novel Technologies and Applied Informatics,
Technical University of Liberec
e-mail: hana.baarova@tul.cz

JAN SEMBERA

Institute of Novel Technologies and Applied Informatics,
Technical University of Liberec
e-mail: jan.sembera@tul.cz

Keywords: evaluation of a geochemical model, accuracy of chemical analyses.

Abstract

We are dealing with modelling of neutralization processes of highly mineralized acid
groundwater. As a first step, we decided to model experiments of neutralization by NaOH
in The Geochemist’s Workbench [1]. We know the chemical analyses before the experiment
(neutralization by NaOH) and after it. Some values are lower, some are higher and some
almost did not change. Some (e.g. fluorine) have increased without any reason. Our
contribution deals with the question how big difference signifies a change due to geochem-
ical reactions. It should be noted that chemical analyses commonly used in laboratories
are not suitable to analyze highly mineralized waters. Regarding accuracy of the chem-
ical analyses applied (up to 20 %) we decided that only components with a “significant
change” have been understood as they had changed.

The original composition serves as input for the model. The simulated final values (equi-
librium concentrations) are compared with the chemical analyses after the neutralization.
It revealed that results of chemical analyses and values computed by our model differ. We
are studying the following questions: When it can be said that the simulated values fit
the results of chemical analyses of the simulated experiment? Do they differ so much that
the model is wrong? What is an admissible deviation to decide if our model is correct?
The main question arising from such a study is whether it is proper to judge a geochemical
model according to only such a comparison.

References

[1] C. M. Bethke: The Geochemist’s Workbench@®) 6.0, University of Illinois, 2006.

Acknowledgement: This result was realized under the state subsidy of the Czech
Republic within the research and development project “Advanced Remediation Technolo-
gies and Processes Centre” 1M0554 — Programme of Research Centres supported by Min-
istry of Education, and with subvention of Grant Agency of the Czech Republic under
project N2 s102/08/H081.
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EFFECTIVE PROPERTIES OF HETEROGENEOUS
GEO-MATERIALS: COMPUTATIONAL ASPECTS
AND APPLICATIONS

RADIM BLAHETA

Institute of Geonics,
Academy of Sciences of the Czech Republic, Ostrava
e-mail: blaheta®ugn.cas.cz

Keywords: effective properties, homogenization, upscaling, multiscale modelling, mate-
rial characterization, optimization of grouting.

Abstract

The paper deals with effective properties for characterization of thermal, hydrogeological
and mechanical (THM) properties of heterogeneous geo-materials. The computational as-
pects consider the numerical procedure for deriving the effective properties from the knowl-
edge of the constitutive laws and spatial distribution of the components. This proce-
dure contains formulation of boundary value problems for testing the material response
with both Dirichlet or Neumann boundary conditions and iterative solution of the arising
systems. The use of effective properties for both multiscale modelling and characterization
of improved rock mass (geocomposite) quality is described.

References

[1] R. Blaheta, O. Jakl, J. Stary, K. Kreé¢mer: Schwarz DD method for analysis of geocom-
posites, Proceedings of the Twelfth International Conference on Civil, Structural and En-
vironmental Engineering Computing, B. H. V. Topping, L. F. Costa Neves, R. C. Barros
(Editors), Civil-Comp Press, Stirlingshire, Scotland, 12 pp., 2009.

[2] R. Blaheta, P. Byczanski, P. Harasim: Multiscale modelling of geo-materials and it-
erative solvers, Proceedings of the Seminar on Numerical Analysis, Institute of Geonics
AS CR, Ostrava, 2009.

Acknowledgement: This work is supported by the Grant Agency of the Czech Re-
public via the project GACR105/09/1830 “Multiscale modelling and X-Ray tomography
in geotechnics” and the Academy of Sciences of the Czech Republic via the research plan
project AV0Z 30860518.
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POUZITI KNIHOVNY PETSC PRO RESENI ROZSAHLYCH
ULOH PODZEMNIHO PROUDENI

JAN BREZINA

Ustav novych technologii a aplikované informatiky,
Technickd univerzita v Liberci
e-mail: jan.brezina@tul.cz

Klicova slova: porous media, domain decomposition, Schur complement.

Abstrakt

Pti teseni redlnych tloh proudéni vody v nasyceném poréznim prostiedi pomoci smiSené
hybridni formulace je tieba tesit rozsdhly systém rovnic se sedlo-bodovou strukturou.
V tomto systému je jedna z diagonalnich matic blokové diagonalni coz umoznuje explicitni
sestaveni Schurova doplinku. Nasim cilem je provést vypocet Schurova dopliku paralelné
pomoci prostiedku knihovny PETSc a to piimo na jiz paralelné sestavené soustaveé rovnic.
Tutéz knihovnu pak pouzijeme pro teseni vysledného pozitivné definitniho systému.

Podékovani: Tento vyzkum je realizovén za podpory statnich prostiedki Ceské repub-
liky v ramci projektu VaV , Pokrocilé sanacni technologie a procesy “ ¢. 1M0554 — program
MSMT , Vyzkumna centra“.




SIMONA 2009, Sbornik abstraktu TU v Liberci, 21.-23. zati 2009

APLIKACE PODPORUJICI EFEKTIVNI NAVRH MODELU
PRO METODU KONECNYCH PRVKU

ZUZANA CAPEKOVA, BLANKA MALA

Ustav novych technologii a aplikované informatiky,
Technickd univerzita v Liberci
e-mail: {zuzana.capekova; blanka.mala}@tul.cz

JAN PACINA

Fakulta Zwotniho prosreds,
Unwverzita Jana Evangelisty Purkyné, Usti nad Labem
e-mail: jan.pacina@ujep.cz

Klicova slova: FEM, mesh model, geometricky model.

Abstrakt

Metoda koneénych prvka (FEM) je urcena k numerickému teSeni parcidlnich diferenci-
alnich rovnic. V Centru pokrocilych sanacnich technologii TU Liberec je pouzivan FEM
k vypoctu prostorového rozlozeni casové ustdlenych jevu (proudéni vody apod.) v tiiroz-
mérném euklidovském prostoru. K feseni se pouziva néstroj Flow123D vyvinuty na TUL.
Diskretizace tvorici podstatu FEM se pro potieby Flow123D realizuje v podobé sestrojeni
geometrického modelu studované oblasti v kartézskych souradnicich a parametrizaci mod-
elu materidlovymi konstantami. Poc¢atecni podminky se zadavaji ve vazbé na strukturdlni
elementy geometrického modelu. Na zdkladé geometrického modelu se vygeneruje mesh
model.

V pripadé fesenych tloh tedy model pro FEM obsahuje tii druhy informact:

e popis geometrie modelované oblasti;
e popis materialovych vlastnosti modelované oblasti;
e popis pocatecnich (okrajovych) podminek.

Je ztejmé, ze kvalita modelu vyraznym zpusobem ovliviiuje ziskané vysledky. Model je ale
diskrétni — slozeny z velkého poctu diskrétnich elementu. Pro zefektivnéni navrhu vsech
informacnich slozek modelu je proto pouzivand aplika¢ni podpora.

GeoTools — principem aplikace je dekompozice geometrického modelu na jednodussi pod-
modely a ndasledné zpétnd kompozice geometrického modelu z elementarnich podmodelu.
GeoCor — principem aplikace je obohaceni mesh modelu o data z GIS.

MeshTran — principem aplikace je analyza mesh modelu, hledani hranic oblasti, specifikace
vybranych materialovych vlastnosti a okrajovych podminek.

Literatura

[1] Zuzana Capekova, Blanka Mala: Aplikace geoinformaéniho systému v ramci vystavby
modelovych siti pro matematické modelovani proudéni podzemnich vod, Geodny 2007.

Podékovani: Tato prace byla realizovdna za podpory statnich prosttedki Ceské repub-
liky v rdmci projektu VaV ,, Pokrocilé sanacni technologie a procesy“ ¢. 1M0554 — program
MSMT | Vyzkumna centra®.
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VERIFICATION OF BELLOWS AIR SPRING SHAPE
MODEL

DALIBOR FRYDRYCH
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Technical University of Liberec
e-mail: dalibor.frydrych@tul.cz

LUDVIK PRASIL

Department of Design of Machine Elements and Mechanisms,
Faculty of Mechanical Engineering,
Technical University of Liberec
e-mail: ludvik.prasil@tul.cz

VLADIMIR KRACIK

Department of Applied Mathematics,
Faculty of Science, Humanities and Education,
Technical University of Liberec
e-mail: vladimir.kracik@tul.cz

Keywords: air spring, static characteristic, shape model, verification.

Abstract

The bellows air springs (BAS) are today widely used suspension elements. They offer
many advantages: low cost, long life, small weight, variable load capacity and big working
range. The most significant parameters of BAS are their static characteristics: Volume,
Effective area and Index of Effective area. These characteristics define the behaviour
of BAS (which is important for design process).

This contribution defines briefly the unique mathematical model where individual bel-
lows were replaced by parts of anuloid. Model based on this assumption gives advantages
such as good robustness and high calculation speed. Calculation of static characteristics
for complete working range of the BAS, takes less than a second. The main part of this
contribution is focused on verifying of model precision. Results given by model are com-
pared to results from real BAS testing in a laboratory. Experiments are covering the whole
range of produced BAS in load capacity as well as working range of these products.

References

[1] O. Krejcii: Pneumatic vibro-isolation (Czech original: Pneumatickd vibroizolace),
Doctoral thesis, VSST Liberec, 1986.

[2] L. Prasil, V. Kracik, D. Frydrych: Shape Modelling of Air Bellows Springs, Algo-
ritmy 2005, pp. 142-149, Podbanské, Slovak Republic, ISBN 80227-21921.

Acknowledgement: This project was supported by the subvention from Ministry
of Education of the Czech Republic under Contract Code MSM 4674788501.
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ZMENA HYDRAULICKYCH PARAMETRU V MODELU
PROUDENI DISKRETNI PUKLINOVOU SIiTi
PRI ZAHRNUTI VLIVU MECHANIKY

Jiri HAVLICEK
Ustav novych technologii a aplikované informatiky,

Technicka univerzita v Libercs
e-mail: jiri.havlicek@tul.cz

MiLaN HOKR

Ustav novych technologii a aplikované informatiky,
Technickd univerzita v Liberct
e-mail: milan.hokr@tul.cz

Abstrakt

Prispévek se zabyva problematikou zahrnuti vlivu mechanického napéti do vypoctu prou-
déni rozpukanou horninou. Vypocty jsou provadény na modelové 2D diskrétni puklinové
siti definované v rdamci spoluprace na mezinarodnim projektu Decovalex-2011. Tato tloha
je z hydraulického hlediska znacné nehomogenni a dominantni pukliny zajistuji pievaznou
vétsinu toku oblasti. Podle predpokladu pii pusobicim mechanickém napéti nékteré puk-
liny zmensi svoje rozevieni a jejich hydraulicka vodivost poklesne. U vhodné orientovanych
puklin vuéi vnéjsimu napéti dochazi ke zvétseni rozevieni a hydraulickd vodivost roste.
Vznikaji tak jesté vétsi nehomogenity v hydraulickych vlastnostech tlohy [1].

Pouzita metoda je zalozena na analytickém vypoctu napéti a deformace pro jednotlivé
pukliny, se zahrnutim vlivu geometrického umisténi pukliny vuci vnéjsimu napéti, ne-
linearniho vztahu napéti-deformace pro puklinu a mechanickych vlastnosti okolni horniny.
V normalovém sméru jde o nelinearni hyperbolickou zavislost zmény rozevieni na tlaku.
V tecném sméru je to pak elasto-idealné plasticky model s Mohr-Coulombovou pevnostni
podminkou, zpusobujici pii plastickém te¢ném posunuti zvétseni rozevieni v normalovém
smeéru (dilatace) [1].

Vliv napéti je vyhodnocen v podobé ekvivalentni hydraulické vodivosti bloku horniny
a v podobeé rozlozeni toku podél hranice. Srovnavéany jsou vysledky pro ruzné varianty ma-
teridlovych parametru a nékolik definovanych vnéjsich mechanickych napéti. Z vysledku
vyplyva potvrzeni predpokladu o zvySovani hydraulické vodivosti ve sméru vyraznéjsiho
mechanického zatizeni.

Literatura

[1] A. Baghbanan, L. Jing: Stress effects on permeability in fractured rock mass with cor-
related fracture length and aperture, International Journal of Rock Mechanics and Mining
Sciences, Vol. 45(8) (2008), pp. 1320-1334.

Podékovani: Tato prace byla realizovdna za podpory statnich prosttedki Ceské repub-
liky v rdmci projektu VaV ,, Pokrocilé sanacni technologie a procesy“ ¢. 1M0554 — program
MSMT | Vyzkumna centra“.
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VYUZITI DAT Z MONITORINGU VE VODARENSKEM
TUNELU BEDRICHOV - NAVRHY ULOH
PRO NUMERICKE SIMULACE A PREDBEZNE VYSLEDKY

MiLaN HOKR

Ustav novych technologii a aplikované informatiky,
Technickd univerzita v Liberci
e-mail: milan.hokr@tul.cz

Klicova slova: podzemni proudéni, puklinové prostiedi, kalibrace a verifikace modelu.

Abstrakt

Vodérensky tunel mezi prehradou Josefuv dul a tupravnou vody Bedfichov v Jizerskych
hordch je v . mnoha ohledech vyznamnou lokalitou z hlediska moznosti pozorovani jevu
v granitovém prostedi. V minulosti byl v rdmci série projektu Spravy tlozist radioak-
tivnich odpadu (SURAQO) provadén vyzkum a monitoring v Siroké skale geovédnich dis-
ciplin [1].

Modelovani fyzikalnich jevi v puklinovém prostiedi typicky granitickych hornin je ¢asto
vyznamneé limitovano nedostatkem dat pro sestaveni modelu i pro jeho verifikaci. Ziskana
data z Bedrichovského tunelu dle nasich predpokladi mohou ptispét k moznosti ziskani
relevantnéjsich koncepénich modelu a pro demonstrovani moznosti kalibrace a verifikace
modelu na zakladé terénnich dat.

Na seminafi bude v prvni ¢asti prispévku prezentovan piehled aktualné mérenych dat
s predpokladem jejich vyuziti pro modelovani predevsim proudéni podzemni vody, ale
téz napjatosti a tepelného pole. Obsahem druhé c¢asti bude feseni tlohy proudéni jako
prosttedku identifikace hydraulickych vlastnosti prostiedi z hodnot ptitoku do tunelu
ve dvou variantach, analytické feseni ve 2D a numerické feseni na 3D geometrii skutecného
terénu. V zavéru bude nastinéna struktura dalsich modelovych tloh, které budou feseny
i dalsimi zahrani¢nimi tymy v ramci projektu Decovalex, zejména s vyuzitim databéze
puklin pozorovanych na sténé tunelu a zahrnutim vzajemného ovlivnéni proudéni, tepla
a napjatosti (sdruzené tlohy).

Literatura

[1] Klominsky a kol.: Studium dynamiky puklinové sité granitoidi ve vodarenském tunelu
Bedftichov v Jizerskych horach, etapa 2006-2008, 2008, zprava SURAO.

Podékovani: Tato prace byla realizovéna za podpory statnich prostiedki Ceské repub-
liky v ramci projektu VaV , Pokrocilé sanacni technologie a procesy “ ¢. 1M0554 — program
MSMT | Vyzkumna centra“ a projektu SURAO na zakladé smlouvy ¢. 2009/012/Mi.
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MODELOVANI TOKU POMOCI SOFTWARU ELOW123D
SE ZAPOCTENIM NEJISTOT VSTUPNICH
PARAMETRU - PRIPADOVA STUDIE

JOSEF CHUDOBA

Ustav novych technologii a aplikované informatiky,
Technickd univerzita v Liberci
e-mail: josef.chudoba@tul.cz

Klicova slova: Flow123D, normalni rozdéleni, vicerozmérné normalni rozdéleni, beta
rozdéleni, rizikova analyza, bezpecnostni analyza.

Abstrakt

Pro modelovani toku v horninovém prostiedi vyuziva software Flow123D nasledujicich
vstupu: geometrie sité, materidlové konstanty horniny, pocdteéni a okrajové podminky
tulohy.

Predpokladem modelu jsou zndmé vstupni hodnoty okrajovych podminek a materidlovych
konstant horniny. Tento pozadavek vsak obecné neni splnén. Vysledkem modelované tlohy
je konstantni koncentrace latky v daném case a misté.

V tadé tloh nejsou vstupni parametry tlohy presné znamé. Standardné je mozné vstu-
py definovat pomoci stfedni, minimalni a maximalni hodnoty parametru, nebo pomoci
sttedni hodnoty a rozptylu. Vstupni parametry lze popsat napriklad pomoci beta rozdéleni
nebo (vicerozmérného) normalniho rozdéleni. Vysledkem tlohy vychazejici z upravenych
vstupnich parametru je funkce koncentrace latky v daném case a misté.

Modelovani nejistot vstupnich parametru je vyuzitelné pti rizikovych a bezpecnostnich
analyzach, kdy je nutné stanovit pravdépodobnost s jakou muze nastat néjaka popsand
nezadouci udalost.

Literatura

[1] O. Severyn, M. Hokr, J. Krédlovcovd, J. Kopal, M. Tauchman: Flow123D Numerical
simulation software for flow and solute transport problems in combination of fracture
network and continuum, zprava Technicka univerzita v Liberci.

[2] J. Hétle, J. Likes: Zéklady poc¢tu pravdépodobnosti a matematické statistiky, SNTL
Praha, 1972.

[3] J. Andél: Matematicka statistika, SNTL Praha 1978.
[4] URL: <http://www.weibull.com>.

Podékovani: Tento prace byla realizovana za podpory stétnich prostiedki Ceské repub-
liky v ramci projektu VaV , Pokrocilé sanacni technologie a procesy “ ¢. 1M0554 — program
MSMT , Vyzkumné centra“.
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NUMERICAL MODEL OF INFILTRATION PROCESS
IN UNSATURATED SOIL AND INVERSE PROBLEM
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Abstract

This contribution deals with the numerical modeling of infiltration process in unsaturated
region and the solution of the inverse problem. The model is based on the Richard’s
nonlinear equation with Van Genuchten soil parameters ansatz [1].

This mathematical model represents a strongly nonlinear and degenerated parabolic equa-
tion with free boundary. The determination of soil parameters we realize via Levenberg-
Marquardt method. The proposed method requires only simple measurements.
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Abstrakt

Schopnost nanocastic elementarniho zeleza (NZVI) pomérné rychle a t¢inné odstranovat
chlorované uhlovodiky v kontaminované podzemni vodeé je v dnesni dobé znama a vysledky
z pilotnich aplikaci jsou nadéjné. Dechlora¢nich uéinku zeleza, které je prakticky netoxické,
se jiz delsi dobu vyuziva pti konstrukei propustnych reaktivnich bariér plnénych zeleznymi
pilinami. Vyhoda nanoc¢éastic spo¢iva nejen v jejich vyssi reaktivité, ale také v jejich mo-
bilité horninovym prostiedim, coz umoznuje aplikaci nanoc¢éstic in-situ primym vtlacenim
do vrtu.

S ohledem na redlnou aplikaci NZVI je tfeba brat v tivahu, Ze ve srovnani s makroskopic-
kym zelezem, vykazuji nanocéstice o rozmérech desitek az stovek nm specifické fyzikalné-
chemické, zejména katalytické a magnetické, vlastnosti, souvisejici s vysokou aktivitou
atomu na povrchu castic. Z duvodu velkého mérného povrchu ¢astic je jejich povrchova
energie znacna a nanocastice maji tendenci agregovat, protoze mezi jednotlivymi ¢asticemi
pusobi pritazlivé sily. Nevyhodou povrchové neupraveného NZVI je jeho pomérné rychla
oxidace, ktera zpusobuje nejen ztratu redukcni sily nanocastic, ale zménou povrchového
naboje ¢astic maji zoxidované castice vétsi sklon k agregaci a k ulpivani na materialu,
jehoz péry maji prochazet. Agregaty lze tésné pred aplikaci mechanicky rozrusit pomoci
ultrazvuku a do zna¢né miry i intenzivnim michédnim, ale po aplikaci NZVI do podzemniho
prostiedi uz nikoliv. Rovnéz prtilisna reaktivita NZVI prinasi komplikace. Aby tedy byla
aplikace nanocastic pii odstranovani kontaminantu z horninového prostiedi vice efektivni,
je tieba vytvorit stabilni vodnou disperzi povrchové upraveného NZVI.

Na Technické univerzité v Liberci probiha vyzkum, jehoz zamérem je upravit pomoci sur-
faktantt, (ko)polymeru, oleju a dalsich latek povrchové vlastnosti dostupnych nanocastic
s ohledem na ekonomickou dostupnost povrchovych ¢inidel a jejich neskodnost pro zivotni
prostiedi.

Vlastnosti ruznych typu zeleznych nanocéstic lze stanovit pomoci ruznych analytickych
metod a experimentu. Z namérenych vysledku je mozné posuzovat vhodnost povrchové
Upravy nebo hodnotit aplikovatelnost této dekontaminacni metody. Na TUL pro tyto
ucely slouzi pristroj Zetasizer Nano ZS, ktery umoznuje mérit velikost ¢astic a stanovit
¢-potencidl. Dalsi metodou vyuzivanou pro odhad velikosti nanocastic a disperzity sus-
penze, je stanoveni prubéhu sedimentacnich kiivek. Ucinnost a kinetiku reakce modifiko-
vaného NZVI s vybranymi kontaminanty 1ze odhadnout pomoci vsadkovych experimentu.
Prostiednictvim kolonovych experimentu je mozné posoudit mobilitu modifikovaného
NZVI v horninovém prostiedi. Pomoci sady geochemickych programu The Geochemist’s
Workbench 1ze modelovat reakce nanozeleza s kontaminanty a slozkami podzemniho pros-
tredl a vytvaret diagramy prevazujici existence oxidacnich stavu zeleza v ruzném prostiedi
a iontové sile.

Nasim hlavnim cilem je optimalizovat tuto relativné novou sanacni technologii.
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Abstrakt

Piispévek se zabyva problematikou transportnich tloh v kontextu migrace latek v pod-
zemnich vodéch. Duraz je kladen predevsim na problematiku ¢asové narocnosti dlouho-
dobych simulaci tloh s vysokym poctem elementu a velkym rozptylem CFL (Courant-
Friedrich-Levy) ¢isla na fesené oblasti. Na slozitéjsi geometrii a uloze konvekce, fesené
softwarem Flow123D, bude na explicitnim upwind schématu metody koneénych objemu
ukazana jeho interpretace uzitim metod linearni algebry. Problém efektivné vyuziva pro-
cesor pocitace a vykazuje vyznamné zrychleni oproti predchozi implementaci. Testovaci

tilohou bude rozsahld 2D sit 1D puklin projektu Decovalex.
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Abstract

In this contribution, the use of object approach [1] and design patterns [2] is presented
in mathematics model implementation. It focuses on the contribution of programming
opposite the interface using polymorphisms and analysis of possibilities brought by design
pattern use.

Standard (two-step) implementation process is extended by two further abstraction steps
when implementing mathematics models. Standard procedure transforms, in the first
step, parts of reality into individual instances. Consequently, in the second step, a gen-
eral description — class is searched for. Implementation of mathematics models be-
gins by the search for an applicable mathematics definition (equations) of the process.
The search for an apt process in solving of acquired equations is the second step. Both
of these two steps are abstract and require a very specific way of thinking, quite different
from the programmer’s thinking. A process, when the mathematics model is built up
and the implementation for this model is carried out, is common. Changes in the event
description, eventually the use of different mathematics appliance, mean a brand new
implementation. This process is not very effective.

This article presents Framework DF2EM. Framework DF2EM focuses on finite methods
implementation, which work with space discretization (Finite Element, Finite Volume,
etc.). It brings complex approach to mathematics models. It defines basic model parts
on a clearly abstract level, describes their interface and allows implementation of concrete
classes.
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Abstract

The boundary elements method was developed in parallel with the finite element method.
We can even find traces that prove that the idea is older, its predecessor being the bound-
ary integrals method. It is based on the inverse formulation of weighting residuals method.
The principles of the finite element method were added to the boundary integrals method
in the 1980s and this revised method was called the boundary element method. This
method was aimed to solve problems in homogenous domains and it presents even greater
difficulties than the aforementioned methods when coping with the non-homogeneities
which are so characteristic of the groundwater hydraulics. Despite the complications, this
method is successfully used in groundwater hydraulics (see [1]).

The drainage is used very often like a cheap instrument for decreasing the groundwater
level. The hydraulic modelling of the drainage in the FEM or FDM is not so easy and re-
sults are disputable. Therefore we developed the special drain element for 2D and 3D
models based on the boundary element method. This element seems to be very useful tool
for computing the discharge of drains and it was used also in other practical solutions,
e.g. to compute the inflow of groundwater into a planned tunnel.
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Abstrakt

Piispévek se zabyva simulaci proudéni a transportu rozpusténych latek v saturovaném
horninovém prostiedi, které obsahuje jak porézni horninu, tak i hydrogeologicky vyznamné
tektonické poruchy. Pro tcely studia proudéni a transportu latek v rozpukaném poréznim
prostiedi a pro stanoveni vlivu heterogenit typu puklina nebo horninové rozhrani byla
pripravena sada vypocetnich siti reprezentujicich hypotetické bloky hornin s ruznou geo-
logickou stavbou. Na pripravenych sitich byly provedeny simulac¢ni vypocty proudéni
a transportu zahrnujiciho prostou advekci, a to pti ruznych okrajovych podminkach jak
proudéni, tak i transportu. Ve vysledcich simulacnich vypoctu byly sledovany predevsim
prutok oblasti, toky jednotlivymi ¢astmi hranice, stfedni rychlost migrace kontaminujici
latky, globalni charakter sifeni kontaminace a to predevsim s ohledem na pritomnost ¢i
nepiftomnost té které heterogenity. Vypocty byly provadény pomoci simulacniho kdédu
Flow123D [1], ktery umoznuje kombinaci elementt ruznych dimenzi v ramci jediné vy-
pocetni sité, za ucelem studia chovani pole vzdalenych interakci hlubinného tlozisté
nebezpeénych odpadu [2]. Piispévek obsahuje piehled simula¢nich vypoctu véetné zé-
kladnich vstupnich parametru a vyslednych charakteristik a hodnoceni vlivu uvazovanych
heterogenit za danych podminek.
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Abstract

A flow in a variably saturated porous environment when satisfying conditions of the Dar-
cy’s law is possible to describe by the Richards’ equation. The numerical solution of this
problem suffers with various difficulties due to nonlinearities based on a nonlinear em-
pirical hydropedological laws. It is the constitutive law describing a relation between
pore suction pressure and a water content, in our case described by the van Genuchten
formula [1] and the relation between an unsaturated hydraulic conductivity and a pore
suction pressure described by the Mualem form [2].

A time derivate term is usually approximated by a linear function due to the commonly
used implicit Euler scheme approximations. Due to a various torsions of the van Ge-
nuchten law for different water content values this method brings mass balance errors
as mentioned in [3]. A method to control error of this approximation based on an adaptive
time step is presented in this paper.
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Abstrakt

Objektoveé-orientované programovani (OOP) vyzaduje zménit ihel pohledu na vytvareny
systém modelovéani Metodou koneénych prvka (MKP). Sdruzené procesy z pohledu OOP,
jimiz se zabyva tato prace, je nutné pochopit jako nékolik relativné oddélenych céasti
a ne jako soustavu rovnic zavislych jedna na druhé. Hlavni myslenkou prevodu sdruzeného
procesu do OOP je separace dvou ¢asti rovnice na hlavni fyzikdlni proces (primérni
proces) a vazebni ¢ast (sekundarni proces), ktera ovliviiuje jiny primérni proces. Takto
jiz vytvotené stavebni entity neni nutné pii dalsim pouziti v jiném modelu znovu pro-
gramovat. PTi rozsifeni modelu o novy fyzikalni proces, redukujeme tento pozadavek
pouze na implementaci samotného primarniho procesu a v pripadné pozadavku uréitych
vazeb i sekundarnich procesu. Ziskavame tim datab&zi primérnich a sekundarnich procesu
pro rychlejsi implementaci nového modelu.
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Abstract

We continue investigation of discontinuous Galerkin method for a nonlinear parabolic
convection dominated equation with memory term which models the transport of con-
taminant in porous media with nonequilibrium adsorption. The numerical scheme is
fulfilled by combining the DG — Discontinuous Galerkin Method with an efficient relax-
ation algorithm that recently developed. Numerical results show the efficiency of our
scheme.
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Abstrakt

7 pohledu geoinformatického modelovani je vyhodné na ptedzpracovani dat geografické
povahy pro ticely nasledného matematického modelovani nahlizet jako na tvorbu odvoze-
nych ucelovych modelu. Moznost vytvareni tcelovych odvozenych modelu je podminéna
prvotni vystavbou geoinformaéniho systému invariantniho vuci mnoziné aplikaci, které
budou data organizovana v GIS vyuzivat. Konkrétnim ptikladem je model vytvareny
v procesu vystavby geometrie modelové sité.

V prispévku jsou shrnuty zékladni pozadavky na geoinformacni systém vyuzivany jako
baze dat pro odvozovani variant modelu a jejich naplnéni daty. Vlastni odvozovani uce-
lovych modelu nutné zahrnuje postupy geoinformatické generalizace, které jsou zasadni
hlavné v odvozovani modelu pro tvorbu geometrii modelovych siti. Ptispévek blize sez-
namuje s obecnym postupem odvozovani uc¢elovych modelu na piikladu konkrétnich dat
vybranych modelovych lokalit. V ramci predzpracovani dat jsou vyuzivany analytické
funkce GIS, velkou vyhodou je moznost v libovolném okamziku vizualizovat databazi
a tim udrzet kontrolu nad navaznosti odvozovaného modelu na modelovanou realitu.

Postupy geoinformatického modelovani v ramci tvorby geometrie modelovych siti je mozné
v urc¢itych fazich zautomatizovat, ¢imz se odvozovani modelu na zakladé spravné vytvo-
reného originalniho geoinformacniho systému muze dostat az roviny uzivatelské. Postupy
automatizace vystavby geometrie sité a automatizace naplnéni sité daty jsou v soucasnosti
testovany a uvadény do praxe.

Podékovani: Tento pifspévek byl realizovan za podpory statnich prosttedki Ceské re-
publiky v rdmci projektu VaV , Pokrocilé sanacni technologie a procesy “ ¢. 1M0554 — pro-
gram MSMT | Vyzkumna centra“.
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Abstrakt

Pii posuzovani vhodnosti pouziti zeleznych nanocéstic (NZVI) pro sanaci kontamino-
vaného horninového prostredi, je tteba znat dva zakladni parametry ovliviujici efektivitu
této metody: 1) reaktivitu NZVI s cilovym kontaminantem v daném prostiedi a ii) mi-
gracni schopnosti zeleznych nanocéstic horninou.

Mobilita nanocastic horninou ovliviiuje zpusob jejich aplikace a spravné dimenzovani
sanacnifho systému (metodu injektdze, mnozstvi injektaznich vrtu a jejich vzdélenost).
Bez ohledu na typ horninového prostiedi méa zasadni vliv na migraci ¢astic jejich velikost
(velikostni distribuce). Podle velikosti migrujici ¢éstice se uplatiuji ruzné mechanismy,
které mohou mit za nasledek jeji vypadnuti z konvekéniho proudéni a tedy zmenseni mi-
gracniho horizontu. Pro vodné prosttedi je optimalni velikost zeleznych ¢astic z pohledu
migrace na trovni 100 nm.

S velikosti migrujicich ¢astic tizce souvisi i jejich tendence ke shlukovani a vytvareni
vétsich agregatu. Tento proces rozhodujici mérou zavisi na velikosti povrchového néaboje
castic v daném prostiedi.

Pro méfeni téchto dvou parametru zeleznych nanoc¢astic je na Technické univerzité v Li-
berci pouzivan pristroj Zetasizer Nano ZS firmy Malvern UK — model ZEN3601, ktery
umoznuje méfeni velikostni distribuce castic rozptylenych v kapalindch metodou dyna-
mického rozptylu svétla ,DLS“ a méfeni jejich zetapotencidlu metodou fazové analyzy
rozptyleného svétla. Na posteru budou prezentovany vysledky ziskané pii méreni nékolika
typu nanozelez.
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Abstrakt

V ramci projektu Poohii jsou pro ucely zatapéni povrchovych hnédouhelnych doli mo-
delovany a predikovany pohyby nadzemnich i podzemnich vod a jejich predpokladané
chemické slozeni. Zajmové tizemi je severo-zapadni cast Poohii — od feky Ohfe smérem
na severozapad — az po hiebeny Krusnych hor. Pro potifeby modelovani proudéni vod
v tzemich postizenych tézbou hnédého uhli (SHR) je potfeba pripravit modelové sité
pokryvajici danou zajmovou oblast.

S ohledem k rozloze tzemi, bylo nutné zautomatizovat vystavbu geometrie modelovych
siti. V rdmci ptipravné faze projektu Poohii byla provedena reSerse dostupnych soft-
warovych produktu, které byly potencialné schopné automatizované vytvaret plnohod-
notné prostorové sité (vétsina GIS produktu generuje tzv. 2.5D modely). Z dostupnych
zdroju byly vybrany tii komeréni produkty a jeden SW sifeny na zaklade OPEN-GNU
licence. Vzhledem k vysledkum testovani jsme prikrocili k budovani vlastni aplikace
s durazem na rychlou tvorbu siti v pozadovaném formétu, ruzného rozsahu a hustot
z identickych vstupnich dat. Za timto ucelem byly vytvofeny dvé aplikace, které jsou
aktudlné testovany na ruznych typech vstupnich dat.

Podékovani: Tento vyzkum je realizovén za podpory statnich prostiedki Ceské repub-
liky v rdmci projektu VaV ,, Pokrocilé sanacni technologie a procesy“ ¢. 1M0554 — program
MSMT | Vyzkumna centra*.
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Abstract

Modelling of (photo)bioreactors is of major interest in bioreaction engineering and en-
vironmental technology. Computational Fluid Dynamics (CFD) may simulate via User
Defined Functions (UDF) almost everything but could be expensive for everyday use.
Moreover, it needs an experimental verification, e.g. by Residence Time Distribution
(RTD) measurements. RTD measurements can be interpreted and simulated using com-
partmental models which consist in interconnection of elementary zones, so-called well
mixed units.

In our previous paper [1], we provided research concerning a methodology designed to re-
duce the complexity of PDE based high-dimensional process model to a hybrid Multi-
compartment/CEFD model leading to an ODE system. The present investigation is aimed
at developing a new straightforward algorithm for the automatic generation of com-
partment size based both on RTD curves and the adequate description of the evolved
bio-processes. The derivation is based on the calculation of a scalar field of the small-
est characteristic reaction time (according to the bioprocess model, see e.g. [2]), as well
as on the characteristic mixing time derived from RTD curves.
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Abstrakt

Nanocastice nulmocného zeleza (NZVI; nanoscale zero valent iron) jsou v soucasné dobé
pouzivany pro dekontaminaci podzemnich pud a vod. Problémem sanaé¢nich zasahu s po-
uzitim NZVT je vsak transport téchto ¢astic. Dochéazi u nich totiz k agregaci, castice se
shlukuji, a tim se jejich transport poréznim prostiedim omezuje.

V této praci odvozujeme priciny agregace NZVI a na zakladé téchto piic¢in sestavu-
jeme matematicky model miry agregace NZVI za danych podminek. Miru agregace vy-
jadruje takzvany koeficient ptrestupu, ktery spolu s hustotou castic v roztoku urcuje
pravdépodobnost shluku dvou ¢éstic. Tento koeficient prestupu byl odvozen pro zakladni
procesy, a to pro sedimentaci, Brownuv pohyb a rychlostni gradient kapaliny, ktera ¢astici
unasi (publikovédno v [1]). V praci odvozujeme koeficient prestupu pro dalsi procesy,
které maji nezanedbatelny vliv na agregaci zeleznych nanocéastic. Model poté aplikujeme
v programu pro vypocet transportu rozpusténych latek gen-tran a vysledky porovnavame
s vysledky z experimentalnich kolonovych zkousek.

Literatura

[1] J. Buffle, H. Van Leeuweh: Environmental Particles, Lewis publishers, Vol. 2 (1993),
pp. 353-360.
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Abstrakt

Referat je zaméren na porovnani rychlosti sedimentace ruznych typu zeleznych nanocastic.
Rychlost sedimentace ¢astic souvisi s jejich velikosti a rychlosti jejich agregace, a proto je
mozné z rychlosti sedimentace odvodit a posoudit urc¢ité vlastnosti zeleznych nanocastic.
U hrubych disperzi je mozno provadét sedimentaéni analyzu v gravitaénim poli. Céstice
dostatecné velké hmotnosti pusobenim gravitacniho pole sedimentuji a v systému se tak
po urc¢ité dobé ustavi rovnovazné rozdéleni ¢astic. Vlivem gravitace se castice zpocatku
pohybuje zrychlené, pti malych rychlostech prevazuje gravitacni sila zmensena o vztlak.
Se zrychlovanim pohybu vzrustda imérné i tieci sila a v urcitém okamziku se mohou sily
vyrovnat. V ustaleném stavu se ¢astice pohybuje konstantni rychlosti, kterd je v piipadé
sedimentace kulovitych ¢astic nepiimo imérna viskozité prostiedi a ptimo imérna rozdilu
hustot disperzniho podilu a disperzniho prostiedi a ¢tverci poloméru céstice
_2p—po
Vsed = - ——— 1 ¢g.
9 fio

Tento pristup je ale bohuzel pouzitelny pouze pro relativné velké castice. V disperznim
systému se po ur¢itém case sedimentace ustavuje sedimentacni rovnovaha. V systému
dochézi k charakteristickému rozdéleni ¢astic (v zdvislosti na vysce). Tato situace nastane
ve stadiu, pri kterém se vyrovna sedimentacni rychlost s difiznim tokem. V tomto pripadé
se ustavi tzv. dynamickd rovnovéaha, kterou lze popsat diferencialni rovnici

(8 10g(ci)> _ vig (Pz’ - po)
ay T,p kBT '

Tento vztah ovSsem plati opét pouze ve zjednodusené predstavé monodisperzniho systému.

vvvvvv

K méteni sedimentacnich ktivek bylo zkonstruovéano zarizeni, které po ptipojeni k PC
umoznuje v redlném case snimat aktualni hodnotu nasedimentovanych ¢astic. V caset = 0
je do odmérného vélce naddvkovano urc¢ité mnozstvi (vétsinou cca 1 g) zelezné suspenze.
Od tohoto okamziku je prubéh sedimentace monitorovan také pomoci fotoaparatu, jehoz
rezim je rovnéz ovladan prostiednictvim PC. Po ukonceni experimentu je odebran vzorek
ke stanoveni celkové koncentrace zeleza metodou ICP-OES. Namérena data jsou nasledné
porovnavana s vysledky méreni velikosti nanocastic metodou DLS.
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Abstract

The aim of the contribution is to describe the reduction algorithm for 2D fracture network.
The original task is a part of Task C of Decovalex-2011 project [1] which is the numerical
modeling of water flow in fractured rock environment with mechanical loading.

We deal with the case study, which is the 2D square domain of fractured rock. The distri-
bution of the fractures is stochastically generated with the knowledge of the lengths and
apertures of fractures (the stochastic parameters come from real observations). Then,
in the preprocessing phase, the combination of the GIS software and our own C++ code
is used to generated the geometry and the mesh of the fractured rock domain. Nu-
merical solution is obtained by the hybrid FEM implemented in C++ code Flow123D
with an external algebraic solver ISOL (both developed in TUL). The post-processing
uses the GMSH code.

The problem is quite large due to the many intersections between fractures and the great
difference in size between the smallest and the largest fracture. The efficient computation
of mechanical loading brings the necessity of reduction the number of the fractures. Re-
duction algorithm, combining the blanking and the composition of the fractures and their
intersections, is used to reduce the mesh complexity. Parameters of the algorithm should
be chosen so that the algorithm preserves the global hydraulic behavior of the domain.

In the contribution, the case studies showing the typical behavior of the reduction algo-
rithm are presented and their influence to the total fracture flow is shown.
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Abstrakt

Puklinové prostiedi granitoidu je a v budoucnu bude stale vice vyuzivano pro umisténi
podzemnich zdsobniki a tilozist nebezpeénych latek véetné radioaktivnich odpadi. Mate-
maticky model proudéni podzemnich vod a vcetné predikce pripadného transportu kon-
taminantu je souc¢dsti bezpecnostni analyzy tilozist. Redlnost modelu zavisi na mnozstvi
a kvalité vstupnich geologickych dat. Rychlost a prostorové rozlozeni toku podzemnich
vod jsou dany zejména propustnosti (hydraulickou vodivosti) hornin. V soucasné dobé jsou
pro tizem{ Ceské republiky k dispozici 2 zédkladni zdroje dat. Jsou to data z vyzkumnych
lokalit melechovsky masiv na Ceskomoravské vrchovingé a Potticky-Podlesi v Krusnych
horach a dale regiondlni data z hydrogeologické databaze Geofondu. V prvnim piipadée
se jednd o vysledky etdzovych (na izolovanych usecich vrtu) hydrodynamickych zkousek
ve vrtech do hloubky 200-300 m, v piipadé druhém o vysledky ¢erpacich zkousek na voda-
renskych objektech s hloubkovym dosahem do 100 m. Hydraulickd vodivost se u granitu
pohybuje v sirokém rozpeéti 8 fadia od 1072 po 107° m - s~!. Od spodnich ¢ésti grani-
tovych téles se vyrazné oddéluje zéna pripovrchového rozvolnéni puklin s hydraulickou
vodivosti v fadu 1078 m-s~! a vyssi. Tato zéna sahd u vétsiny granitovych téles do hloub-
ky 100-120 m. Hydraulickd vodivost vyznamnych puklin a poruchovych zén je obvykle
o jeden az dva, vyjimecné o tii fady vyssi nez okolniho horninového prostiedi. Vyssi
hydraulickou vodivost maji hrubozrnné, porfyrické typy granitu a granitoidy s vyssim
obsahem kiemene. Pokud srovname hodnoty hydraulické vodivosti z detailnitho mértitka
vyzkumnych lokalit a regionalniho hodnoceni vrtu z databaze Geofondu, je patrny rozdil
dvou fadu mezi prumérnymi hodnotami ve srovnatelnych hloubkovych trovnich. Hod-
noty ziskané detailnim testovanim jsou vyrazné nizsi. Zjistény rozdil je zpusoben efek-
tem meéfitka méfeni a Ucelovym umisténim hydrogeologickych vrtu. Pro hloubky pod
200-300 m nejsou pro tizemi Ceské republiky relevantni data k dispozici, modely hlubsich
¢asti granitovych masivu v soucasné dobé musi vychazet z expertnich odhadu zalozenych
na zhodnoceni dat ze zahrani¢nich lokalit.

Podékovani: Tento vyzkum je realizovén za podpory statnich prostiedki Ceské repub-
liky v rdmci projektu VaV ,, Pokrocilé sanacni technologie a procesy“ ¢. 1M0554 — program
MSMT , Vyzkumna centra®.
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Abstract

Adaptive finite element methods belong to very important numerical procedures for solv-
ing ordinary as well as partial differential equations arising from various technical appli-
cations. The classical a posteriori error estimates are oriented to the use in hA-methods,
are usually constructed only for lowest-order polynomial approximation, and often depend
on unknown constants or functions. The contemporary higher-order adaptive Ap-methods,
on the other hand, require new computational approaches in a posteriori error estimation.

In this review paper, we present several error estimation procedures for some particular
simple and more complicated partial differential problems with special regards to the needs
of the hp-method. Some error estimators for the second order Poisson equation with Di-
richlet and Neumann boundary conditions, error estimates for the stationary Navier-
Stokes equations, and two error estimation approaches for the stationary convection-
diffusion-reaction equation are considered. We compare the advantages and drawbacks
of a posteriori error estimators concerned.
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Abstract

In frame of improvement the transport infrastructure in Bratislava region the connec-
tion between the airport and railway network is planned. One part of it should be built
in the underground tunnel along the Carpathian Mountains and it will affect the ground-
water flow regime. This was the reason for establishing a 2D finite element numerical
model for evaluating the impact of the railway tunnel on the groundwater level regime
as well as for introduction of technical measures to neglect the impacts. Such a model
was elaborated and the results have shown the analysis, prognosis as well as possibilities
of control the groundwater regime in the aquifer affected by a railway tunnel construc-
tion.

References

[1] Royal Haskoning: Triwaco a Simulation Package for Groundwater, Version 3. 0 internal
release RH, Royal Haskoning division Water, Rotterdam, Netherlands, 2002.

2] J. Skvarka, S. Kupka, M. Takacové, G. Sikula: Stiidia prepojenia zelezniéného koridoru
TEN-T s letiskom a Zelezni¢nou siefou v Bratislave, Zaverec¢nd sprava z orientacného
inziniersko-geologického prieskumu, EKOGEOS Zakladanie spol. s r. o., Bratislava, 2007,
129 s.

3] A. Soltész, D. Barokovd: Modelové riesenie vplyvu trasy prepojenia zelezniéného
koridoru TEN-T na pridenie a rezim podzemnych vod v tseku zel. st. Bratislava Pred-
mestie — zel. st. Bratislava Filidlka, KHTE SvF STU, Bratislava 2007, 65 s.

[4] A. Soltész, D. Barokova: Modelové riesenie vplyvu trasy Zeleznicného koridoru TEN-T
na pridenie a rezim podzemnych vod v dseku Dunaj — stibeh so Zelezni¢nou tratou Petr-
zalka, Giastkové riesenie pre ., Studiu prepojenia zelezniéného koridoru TEN-T s letiskom
a Zeleznicnou siefou v Bratislave®, ¢iastkovd sprava, SvE STU v Bratislave 2008, 54 s.

Acknowledgement: This work was supported by VEGA, Ne 1/4210/07.

29



SIMONA 2009, Sbornik abstraktu TU v Liberci, 21.-23. zati 2009

MODIFIED SEMISMOOTH NEWTON METHOD:
NUMERICAL EXAMPLES

STANISLAV SYSALA

Institute of Geonics,
Academy of Sciences of the Czech Republic, Ostrava
e-mail: sysala@ugn.cas.cz

Keywords: semismooth Newton method, damping, elasto-plasticity, hardening.

Abstract

The semismooth Newton method generalize the Newton method for non-differentiable
operators. The method has been developed for both finite and infinite dimensional cases
and the corresponding superlinear convergence results have been presented. Various mo-
difications of the Newton method have been introduced to ensure the global convergence.

In the contribution, the non-linear variational equations with strictly monotone, semi-
smooth operators are considered. These problems can be equivalently formulated as mi-
nimization problems with the corresponding potential functional. Such problems are
for example solved in each time step of some elasto-plastic models with hardening.

The semismooth Newton is suitable for such problems. The proposed modification is based
on the damping coefficients which are computed in each Newton iteration by the minimiza-
tion of the potential functional in the suitable descent direction. The global convergence
and local superlinear convergence results hold for such a method.

The method is numerically illustrated on the model problem which is related to the Aspij
pillar stability experiment described in Task B of the Decovalex-2011 project. The elasto-
plasticity approach is used here.
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Abstract

This work deals with the construction of model meshes from the beginning, when there
are initial data (e.g. drilling, the site boundary), up to the model geometry and the model
mesh. Initially, the work is an introduction to the basics of geographic information systems
and their resources. There are listed tools, methods and systems which can be used
in creating models. The work solves the construction of model geometry on the basis
of data preprocessing in GIS and automatic transfer from GIS into GEO. Theoretical
solution provides an overview of the procedures and methods (Delaunay triangulation,
interpolation of the surface), which lead to the successful construction of model mesh.
Practical solution more precisely specifies requirements for the preparation of data in GIS,
so that they are acceptable for Convert2GEQO, which is executing the transfer. Finally,
the work describes verification of the solution and documentation of procedures on specific
dates and a summary of benefits of the work.
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Abstract

A precise numerical scheme is developed for the simulation of contaminant transport
with nonequilibrium adsorption. This method uses the idea of moving grids, to catch
the sharp fronts of the solution. We have applied the method of moving grids to the equa-
tion with the nonequilibrium adsorption, transformed by a bipolar transformation. Exam-
ples are provided to show, that this method of solving the direct problem is precise
and suitable for parameter identification in inverse problems. Much work was done
for equations without nonequilibrium adsorption [1].

In solving the inverse problems, identification of parameters of the aquifer or the conta-
minant material, is required. This solving needs multiple solving of direct hydrogeological
problems. We use the modern method of Levenberg-Marquardt [2].
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Abstract

The report deals with the issue of simulating numerically a surface sealing system of land-
fills — a capillary barrier. A capillary barrier is a kind of landfill closing consisting of two
soil layers: the fine-grained capillary layer overlying the course-grained capillary block.
Water enters the barrier from above and, under conditions of sufficiently low pressure
head, flows along the capillary layer rather than across into the capillary block.

In this study, a numerical model is introduced based on hydraulic characteristics obtained
by means of measurements of samples [1] of capillary barrier materials. To make a com-
parison possible, samples of a laboratory investigated barrier were measured [2]. Two
laboratory experiments testing a simple and a combined capillary barrier were repeated
numerically and a good agreement of computed and measured results was found. These
results suggest that the laboratory investigation of a capillary barrier could be replaced
by measuring the material samples and subsequent numerical modelling.
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Keywords: disposal of radioactive waste, deep geological disposal, engineering barriers,
numerical model, fracture flow.
Abstract

The project arises from a social need for a safe and long-term solution of the disposal of radioactive waste
in the geological environment. Aside from ensuring the fixation of radionuclides, the security of the de-
posit is secured by engineering and natural barriers. They represent both the applied sealants infilling
the handling and technological space of the underground structure, and the properties of the geological
environment. In the Czech Republic only the geological environment, the homogeneity of which is violated
by fracture flow systems, comes into consideration as the host environment. When evaluating the secure
function of barrier systems it will be necessary to use mathematical modeling, using specialized soft-
ware and experts on modeling. The research project co-financed by the Ministry of Industry and Trade
of the Czech Republic aims to evaluate the ability of modeling experts to capture the hydrodynamic and
hydrogeochemical reality of a chosen environment through a model solution. To fulfill the set objective it
was necessary to implement a wide range of geological-prospecting methods. Hydrogeological conditions
and selected hydrogeochemical parameters of the sight of interest are treated by long-proven software
tools used for the evaluation of deep structures in granite formations in Sweden by the SKB company.

The work was carried out both in laboratory conditions, and in the field scale. The aim of the laboratory
tests was to prepare and verify the method of monitoring the required parameters before the execution
of the more time-consuming and economically challenging field test. Each test, whether laboratory or field,
was implemented in the hydrodynamic model of a fracture flow environment. During the field work a test
site has been selected and the fracture flow system defined as accurately as possible. In the context
of the laboratory tests various grout mixtures and sealants were tested as engineering barriers. Along
with the field pumping and trace tests the hydraulic and migration characteristics of the fracture flow
system were calculated. The change of the environment’s migration parameters due to the application
of selected engineering barriers was examined in the final tracing test. The results obtained were used
to calibrate the “basic” numerical model. Experience and information obtained during the calibration
of the basic numerical model has been the springboard for setting a new “prediction” numerical model us-
ing a professional estimate for some input parameters. The results of the prediction model are compared
with the parameters measured in the field.

Acknowledgement: This work was supported by Ministry of Industry and Trade
of the Czech Republic under Project 1H-PK/31.
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Abstract

Mass spectrometers are sophisticated, fine instruments which are essential in many appli-
cations. However, their results are usually interpreted in a rather primitive way, without
knowing the errors of the results we get. We divide the output of the LC-MS into three
parts:  (a) useful output, (b) random noise (c) systematic noise of the instrument
related to the particular experiment. The characteristics of the systematic noise change
in time and depend on the analyzed substance. This allows us to quantify the proba-
bility of error and, at the same time, retrieve some peaks which get lost in the noise
when using the existing methods. There are no user-defined parameters. Our software
tool, Expertomica [1], automatically evaluates the given instrument, detects compounds
and calculates the probability of individual peaks.
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Abstract

This document presents a novel method of entropy fluxes as the evaluation of changes
between images based on Shannon’s entropy [1]. The method is developed specially
for microscopy images captured in phase-contrast mode [2]. But it can be used in many
others applications. Illustrative description of using entropy is proposed in the paper
and advantages are discussed. This method simply shows the amount of observable infor-
mation transferred in discrete time period from/to the location represented by current
pixel, for all pixels in the images. This transfer corresponds to the matter exchanges, shape
development and intracellular mobling. The noise contribution is significantly decreased
and details, even the non-conspicuous are preserved. Finally, implementation on graphics
cards to overpass higher computation requirements of the algorithm is described.
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Klicova slova: analyza hlavnich komponent, redukce dimenze, linearné korelovana data.

Abstrakt

Jednim ze zakladnich problému spojenych s modelovanim reakéné-transportnich, prirod-
nich procesu je prilis velka dimenze problému, kterd je vyvoland velkym mnozstvim v mo-
delu zohlednénych a do modelu zahrnutych vlivu.

Pro snizeni vypocetni narocnosti modelu je c¢asto nutné dimenzi problému snizit. Toho
muze byt dosazeno za pomoci standardnich algebraickych nastroju jakym je napiiklad
analyza hlavnich komponent (PCA; principal component analysis). Aby mohla byt pouzita
analyza hlavnich komponent, musi byt zpracovavana data linearné korelovana. Korelo-
vanost dat umoznuje redukci dimenze problému pomoci projekce dat do nékterého z pod-
prostoru linearniho obalu vektory reprezenovanych dat.

V prezentaci bude predstaven nami pouzity postup redukce dimenze transportni ¢asti
problému zachovavajici v nejvétsi mozné mite informace pro reakéni ¢ast problému a vys-
ledky jeho aplikace na simulace konkrétni lokality.

Literatura

[1] Lars Elden: Matrix Methods in Data Mining and Pattern Recognition, SIAM Publi-
cations, Philadelphia PA, 2007.

[2] Milan Meloun, Jiti Militky: Kompendium statistického zpracovéni dat, Academia,
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‘ 11:00-12:30 ‘ registrace, od 11:30 obéd ‘
| 12:30-12:50 | zahajeni seminafe — slovo organizatort ivodem |
piedsedé: JIRT MARYSKA
12:50-13:30 | RADIM Effective properties of heterogeneous geo-materials: Co-
BLAHETA mputational aspects and applications (str. 4)
13:40-14:00 | KAREL Drain element in the boundary elements method
KovARIK (str. 15)
| 14:05-14:35 | prestavka s kdvou, ¢ajem a zdkusky (30 min.) |
piedsedd: JAN SEMBERA
14:35-14:55 | LENKA Zdroje hydrogeologickiyjch dat pro matematické modely
RUKAVICKOVA | proudéni podzemnich vod v puklinovém ...  (str. 27)
15:00-15:20 | DAGMAR Methods and tools of the impact assessment of engi-
TRPKOSOVA neering barriers on remote interactions ...  (str. 34)
15:25-15:45 | MILAN VyuZziti dat z monitoringu ve voddrenském tunelu Bed-
HOKR richov — ndvrhy tloh pro numerické . .. (str. 9)
| 15:50-16:20 | prestavka s kavou a ¢ajem (30 min.) ‘
predsedd: MILAN HOKR
16:20-16:40 | JIRINA Proudeéent a transport ldatek v riznyjch typech hostitelské
KRALOVCOVA | horniny s riznou geologickou stavbou (str. 16)
16:45-17:05 | JOSEF Modelovani toku pomoci softwaru Flowl123D se zapoc-
CHUDOBA tenim nejistot vstupnich parametri . . . (str. 10)
‘ 18:00-00:00 ‘ uvitaci banket spojeny s prezentaci posterii ‘
seznam piihldsenych posteru
JIRI Zmeéna hydraulickych parametri v modelu proudéni diskrétni pukli-
HAVLICEK novou siti pri zahrnuti vlivu mechaniky (str. 8)
STEPANKA Povrchove upravené nanocdstice Zeleza pro sanact podzemmnich vod
KLIMKOVA (str. 12)
JAROSLAV Merent velikostni distribuce nanozeleza
NOSEK (str. 21)
TOMAS Sedimentacni analyza Zeleznijch nanocdstic
PLUHAR (str. 25)
PETR Algorithm for reducing the fracture network in 2D flow problem
RALEK (str. 26)
DAGMAR Reliability of numerical model of a capillary barrier
TRPKOSOVA (str. 33)

47



SIMONA 2009, Program seminaie

TU v Liberci, 21.-23. zari 2009

Utery, 22. zafi 2009

predsedd: RADIM BLAHETA

09:00-09:40 | KAREL A comparison of some analytical and computational
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MALA predzpracovdni dat pro tvorbu . .. (str. 20)
15:10-15:30 | JAN Moznosti automatizace vystavby modelovych siti v ram-
PACINA ci projektu Poohti (str. 22)
| 15:35-16:05 | prestavka s kavou a ¢ajem (30 min.) |
piedsedd: KAREL KOVARIK
16:05-16:25 | PAVOL Numerical model of infiltration process in unsatured soil
Ki1sonN and inverse problem (str. 11)
16:30-16:50 | MICHAL The adaptive time discretisation of a numerical solu-
KURAZ tion to the Richards’” equation (str. 17)
‘ 18:00-00:00 ‘ slavnostni vecere ‘
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piedsedd: DALIBOR STYS
09:00-09:20 | STEPAN Multi-compartment model of a photo-bioreactor: Inter-
PAPACEK relation between experimental technique ...  (str. 23)
09:25-09:45 | JAN Expertomica metabolomics profiling: Using probabilistic
URBAN system approach to gather more . .. (str. 35)
09:50-10:10 | JAN Entropy fluzes in cell culture and its parallel implemen-
VANEK tation on GPU (str. 36)
| 10:15-10:45 | prestavka s kdvou, cajem a chlebicky (30 min.) |
piedsedd: STEPAN PAPACEK
10:45-11:05 éNDREJ Impact of planned underground railway structure on the
SOLTESZ groundwater regime (str. 29)
11:10-11:30 | HANA An approach to evaluate a geochemical model — simu-
BAAROVA lated results vs. results of chemical analyses — (str. 3)
11:35-11:55 | LUKAS Vyuziti analyzy hlavnich komponent pro redukci di-
ZEDEK menze reakéné-transportniho modelu (str. 37)
| 12:00-13:00 | prestavka na obéd (60 min.) |
piedsedd: MIROSLAV CERN{K
13:00-13:20 | DALIBOR Verification of bellows air spring shape model
FRYDRYCH (str. 7)
13:25-13:45 | DANA Model agregace Zeleznijch nanocdstic
ROSICKA (str. 24)
‘ 13:50-14:00 ‘ zakonceni seminaie — slovo ognanizatori zavérem ‘
piedsedd: BLANKA MALA
14:00-14:20 | DAVID Geoinformatic modeling in the construction of model
ToMCIK meshes (str. 31)
14:25-14:45 | ZUZANA Aplikace podporujici efektivni navrh modelu pro metodu
CAPEKOVA konecnijch proki (str. 6)
| ZaF{ 2012 | Stastnou cestu a za tfi roky nashledanou :0) ‘
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Planek arealu seminare
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Legenda

smér Lukasov, Jablonec nad Nisou

[A]—[F]
Z15
Z19

budovy koleji A az F

obédova menza a misto konani seminére
zastavka autobusu MHD linek ¢. 15 a 29
zastavka autobusu MHD linky ¢. 19

Doprava do centra Liberce

Spojeni s centrem meésta je mozné

e bud autobusem méstské hromadné dopravy (MHD) linky ¢. 15 a 29 (a pripadné 19)
e nebo pésky (cca 30 min.), a to bud ,horni cestou* pres t. zv. ldavku nebo ,,doln{

cestou” kolem liberecké prehrady, viz planek.
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Obeédy, uvitaci banket a slavnostni vecere

e Obédy budou podavany v menze v aredlu koleji Harcov, budova M.
e Uvitaci banket spojeny s prezentaci posteru probéhne v pondéli ve¢er v budové M.
e Slavnostni vecefe probéhne v utery vecer v restauraci U potucku.

Restaurace, hospiudky a dalsi podniky skytajici kulturni vyziti
v arealu a nejblizsim okoli

Restaurace:

e restaurace Bfezova alej, na ktizovatce u zastavky autobusu linky 19;

e restaurace Bily mlyn, na kfizovatce u zastavky autobust linek 15 a 29;

e restaurace (hospoda) U Vichy, u parkovisté na ulici 17. listopadu, cca 40 m od zad-
niho vchodu do budovy M;

e pizzerie v podchodu v budové M;

e delsi prochazkou smérem na Lukasov se v Harcové dostaneme k odbocce k restauraci
U potucku a hospudce Na Zvérinku;

e smérem na sidlisté Kraluv haj se nachazi hospudka U Krakonose (Krakora);

e smérem do centra Liberce se nedaleko hlavni budovy Technické Univerzity v Liberci
nachazi restaurace a hospudka U Balcart, a mnoho dalsich.

Kulturni vyziti:

hudebni klub Vlak, budova koleji A;

hudebni klub Had, budova koleji D;

studentska hospudka Hroch, budova koleji F;

diskotéka S-klub, budova M;

diskotéka Zanzibar, tamtéz co restaurace u Vachy, viz vyse, a dalsi.

Pripojeni k internetu

V celém aredlu, ve kterém probiha seminar, je zajisténo bezdratové WIFT pripojeni k in-
ternetu prostrednictvim evropské akademické roamingové sité EDUROAM, viz:

e http://www.eduroam.cz (http://www.eduroam.org);
e http://liane.tul.cz/cz/Wi-Fi;
e http://liane.tul.cz/cz/Wi-Fi_Pokryti (budova M, konferenéni centrum).
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Kam v Liberci?

Pro inspiraci na napln pondélniho a stredec¢niho odpoledne doporucujeme navstivit in-
formacni stranky meésta Liberec. Za navstévu v bezprosttednim okoli aredlu stoji:

e vodni nddrz Harcov (libereckd piehrada), zakladni kdmen hraze byl polozen 27. ¢er-
vna 1903 a stavba byla dokoncena 29. dubna 1904;

e Strossova vila, kterd je povazovana za jednu z nejpovedenéjsich funkcionalistickych
vil, v roce 1925 ji vyprojektoval Thilo Schoder z Gery a roku 1927 stavitel Adolf
Burger dokondéil, prezdiva se ji dum-parnik, kdyz pozdéji musel prumyslnik Franz
Stross kvuli svému zidovskému puvodu odejit v roce 1937 do Argentiny, nechal si
tam pry postavit presnou kopii domu, nyni je ve vile sidlo KHS Liberecého kraje;

e Severoceské muzeum a muzejni knihovna sidlici v secesni budové postavené v letech
1897-1898 v romanticko-historizujicim stylu na kiizovatce Masarykovy tiidy a Vi-
tézné ulice, kousek od hlavni budovy Technické univerzity v Liberci.

V centru mésta nebo v jeho bezprostiednim okoli je mozno navstivit:

e Nameésti Dr. Edvarda Benese s novorensancni budovou radnice postavenou v letech
1888-1891;

e Valdstejnské domky, zbytky trojice domt z let 1678, 1680 a 1681 stojici ve Vétrné
ulicce sousedici s libereckym Sokolovskym nameéstim;

e Solctv dum, dfevény roubeny patrovy domek kupec platna Bedficha Solce byl pos-
taven v roce 1771, nyni v ném sidli sprava CHKO Jizerské hory;

e horsky hotel Jested architekta Hubacka (v pondéli lanovka nejezdi).

Turistické informaé¢ni centrum se nachazi za radnici smérem ke Krajské védecké knihovné.

Mistni speciality nejen do zaludku

V Lukésové se rozklada v evropském kontextu vyznamné nalezisté kriticky ohrozeného
druhu safranu, ¢asto povazovaného za safrdn Heuffeluv (téz nazyvaného Safrdan karpatskiy
nebot vyskytuje se zejména v Karpatech, Crocus heuffelianus), pozustatek doby pole-
dové, kdy se az k nam rozsitila stepni flora z vychodnich oblasti. Zde se mélo jednat
o jeho nejzapadnéji polozené nalezisté. Botanici vsak nejsou v presném urcéeni zdejsiho
druhu zajedno a hovori téz o kiizencich pochazejicich z alpskych oblasti, coz se zda byt
pravdépodobnéjsi. Rezervace zde byla vyhlasena jiz v roce 1948.

Opét v Lukasove se naléza velmi vyznamné, dobfe zachovalé a nedavno objevené opevneéni,
delostielecké valy t. zv. Sance, z doby terezianskych valek kolem roku 1750. Vojska Marie
Terezie tvorenda prevazné chorvatskymi pluky z Uher zde o¢ekavala vpad vojsk pruskych
ve sméru od Zitavy. Vojska tudy tehdy ale nakonec neprochézela a k bitvé v téchto mistech
nikdy nedoslo.

Smérem na Lukasov se téz nachdzi rodiny minipivovar Vendelin, origindlni pivo (s pro-
ménlivym poctem stupnu) je sporadicky k dostani téz v aredlu koleji.
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