Nastavni plan za Zdruzeni studij "Geo-Engineering and Water Management”

Predmeti na SveuciliStu u Zagrebu, domaci dio programa

Geo-Engineering and Water Management - Courses and lecturer’s

University of Zagreb, domestic part

Obvezni predmeti za obje grupe

PRIMIJENJENA MATEMATIKA S
*
la Applied engineering mathematics Vera Culjak GF
1 b* PRIMIJENJENA STATISTIKA Vesna Luzar - GE
' Applied statistics Stiffler

PRIMIJENJENE NUMERICKE
1.c* METODE Mladen Bozicevi¢ GFV
Applied numerical methods

METODOLOGIJA ZNANSTVENOG
2. ISTRAZIVANJA Anita Cerié¢ GF
Research methodology

Izborni predmeti

IZBORNI PREDMET S DRUGIH
DOKTORSKIH STUDIJA NA
grupe SVEUCILISTU U ZAGREBU - -

Optional subject from other doctoral
studies at Zagreb University

EKSPERIMENTI U GOSPODARENJU
Water VODAMA Goran Gjetvaj GF
Experiments in water management

obje

GEOKEMIJA ONECISCIVACA

Water Contaminant geochemistry Sanja Kapelj GFV
METODE ZASTITE KRSKIH I

Water MEDUZRNSKIH VODONOSNIKA Zoran Naki¢ RGNF
Protection methods of karst and Ranko Biondié¢ GFV

intergranular aquifers

* bira se samo jedan matematicki predmet; u ak.god. 2012/2013 odrZavaju se predmeti 1.a i 1.b.
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I. OSNOVNI PODACI O PREDLAGANOM PREDMETU

Naziv predmeta: PRIMIJENJENA MATEMATIKA
Nositelj predmeta: VERA CULJAK
Broj ECTS bodova 7

Ukupno sati izravne nastave: 45

Okvirni sadrzaj predmeta (do 1200 slovnih mjesta):

1. Odabrana poglavlja numeri¢ke matematike

1. Interpolacija i aproksimacija:

Polinomijalna interpolacija. Numericko deriviranje

2. Metoda najmanjih kvadrata:

Polinomijalna aproksimacija u smislu najmanjih kvadrata —diskretni i kontinuirani sluc¢aj. Ortogonalni polinomi.

3. Numeri¢ka integracija

Newton-Cotesove formule.

Trapezna formula. Simpsonova formula. Rombergov algoritam. Gregoryjeva formula

Gausssova integracija.

Gauss-Legendrove formule. Gauss-Laguerrove formule. Gauss-Hermitove formule. Gauss-Cebisevljeve formule.

4. Linearni sustavi

Gaussova eliminacija. Faktorizacijske metode —LU faktorizacija.

Doolittleov algoritam. Croutov algoritam. Metoda Choleskog.

Teorija perturbacije. Uvjetovanost matrice (condition number). Rezidual aproksimacije rjeSenja.

Iterativne metode.

Jacobijeva metoda. Gauss-Seidelova metoda. Relaksacijske JOR i SOR metode.

5. Problem svojstvenih vrijednosti

Gersgorinov teorem. Rayleightov kvocijent.

QR faktorizacija. Housholderova transformacija. Givensova rotacija. Gram-Schmitova dekompozicija. Singularna dekompozicija matrice.
Metoda potencija. QR metoda. Jacobijeva metoda.

Il Kompleksna analiza

1.Funkcije kompleksne varijable. Kompleksna integracija. Cauchyjev integralni teorem. Singulariteti i teorem o reziduumu.
2. Konformna preslikavanja.

3. Primjena konformnog preslikavanja

Harmonijske funkcije. RjeSenje Dirichletovog i Neumanovog problema pomoc¢u konformnog preslikavanja. Primjena za tok fluida.
111. Fourierova transformacija.

Koja znanja i vjestine student postize slusanjem predmeta (do 200 slovnih mjesta):

Student treba prepoznati matematicki model u realnom problemu, primijeniti matematic¢ke alate za rjeSenje problema | interpretirati dobivena
rjesenja.

Oblici provodenja izravne nastave:

Vrsta nastave .
- sati
oznaka naziv
P Predavanja 30
A Auditorne vjezbe
Laboratorijske
L .
vjezbe
S Seminar 15
CS Case studies
Obvezna literatura:
1. K.E. Atkinson, An Introduction to Numerical Analysis. John Wiley and Sons, 2nd Ed. 1989
2. J. W. Demmel, Applied Numerical Linear Algebra, SIAM, 1997.
3. E. Kreyszig, Advanced Engineering Mathematics, John Wiley and Sons Ltd., 1999
Preporucena literatura:
1. F. Scheid, Numerical Analysis, Schaum's outline series in mathematics, McGraw-Hill Book, 1988.
2. V.P.O'Neil, Advanced Engineering Mathematics, Thomson-Engineering 5th Ed.,2002.
3. C.R.Wylie, L.C.Barrett, Advanced Engineering Mathematics 6 Thh. Ed. McGraw-Hill Co.,1995.

Nacin polaganja ispita: Pismeno Usmeno I:I
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I. BASIC DATA ON PROPOSED SUBJECT

Subject Title: APPLIED ENGINEERING MATHEMATICS
Subject holder: VERA CULJAK

Number of ECTS credits 7

Total of direct lecturing hours 45

Subject contents outlines (max 1200 letter signs):

I. Selected topics in Numerical Mathematics

1. Interpolation and Approximation:

Polinomijalna interpolacija. Numericko deriviranje

2. Metoda najmanjih kvadrata:

Least-squares polynomial approximation —discret and continuous case. Orthogonal polynomials.

3. Numerical integration

Newton-Cotesove formulas.

Trapezoidal rule. Simpson's rule. Romberg' s algorithm. Gregory's formula.

Gaussian integration.

Gaussian-Legendre formulas. Gauss-Laguerrove formulas. Gauss-Hermite formulas. Gauss-Chebyshev formulas.
4. Linear system

Gaussian elimination. Factorization methods. LU factorization.

Doolittle algorithm. Crout algorithm. Choleski method.

Theory of perturbation. Condition number of a matrix. Rezidual of an approximate solution.

Iterative methods.

Jacobi's method. Gauss-Seidel method. Overrelaxation methods JOR andSOR.

5. Eigenvalue problems

Gerschgorin's theorem. Rayleigh quotient.

QR factorization. Housholder's transformation. Givens rotation.

Power method. QR method. Jacobi method.

11 Complex analysis

1.Complex functions.Complex integration. Cauchy integral theorem. Singularities and the Rezidue theorem.
2. Conformal mapping.

3. Some applications of conformal mapping

Harmonic function. Solution to Dirichlet and Neumann problems by conformal mapping. Application to fluid flow.
111. Fourier transform.

Competences and objectives acquired (max 200 letter signs):

A student should recognize a mathematical model for a real life problem; use mathematical tools for solving and should interpret
obtained solutions.

Direct lecturing forms:

Lecturing type

e Tt hours

P Lectures 30

A Auditory practice

L Laboratory practice

S Seminar 15

CS Case studies
Obligatory references:
1. K.E. Atkinson, An Introduction to Numerical Analysis. John Wiley and Sons, 2nd Ed. 1989
2. J. W. Demmel, Applied Numerical Linear Algebra, SIAM, 1997.
3. E. Kreyszig, Advanced Engineering Mathematics, John Wiley and Sons Ltd.,1999
Recommended references:
1. F. Scheid, Numerical Analysis, Schaum'’s outline series in mathematics, McGraw-Hill Book, 1988.
2. V.P.O'Neil, Advanced Engineering Mathematics, Thomson-Engineering 5th Ed.,2002.
3. C.R.Wylie, L.C.Barrett, Advanced Engineering Mathematics 6 Thh. Ed. McGraw-Hill Co.,1995
Exam mode: Written Oral |:| fill in x in either one or both boxes
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I. OSNOVNI PODACI O PREDLAGANOM PREDMETU

Naziv predmeta: Primijenjena statistika
Nositelj predmeta: Vesna Luzar-Stiffler
Broj ECTS bodova 7

Ukupno sati izravne nastave: 30

Okvirni sadrzaj predmeta (do 1200 slovnih mjesta):

Uvod: osnovni statisticki pojmovi, osnove statistickog softvera SAS (SAS/EG, SAS/INSIGHT i SAS/LAB). Prikazivanje i
razumijevanje kategorijskih podataka. Prikazivanje i razumijevanje kvantitativnih podataka. Uvod u vjerojatnost. Osnovni
koncepti teorije vjerojatnosti. Distribucije vjerojatnosti i primjeri: kontinuirane i diskretne. Sampling distribucija i centralni
grani¢ni teorem. Intervali pouzdanosti za sredine i proporcije. Odredivanje veli¢ine uzorka. Testiranje hipoteza: jedan i dva
uzorka, ispitivanje pretpostavci. Analiza varijance: ispitivanje pretpostavci, graficki prikazi, osnovni eksperimentalni dizajni
(potpuno randomiziran i randomiziran po blokovima). Korelacijska i regresijska analiza: eksploracija, ispitivanje pretpostavci,
jednostavna i visestruka regresija, regresijska dijagnostika. Osnovne metode za analizu kategorijskih podataka: podjele metoda
za analizu kategorijskih podataka, mjere i testovi asocijacije izmedu para nominalnih varijabli, mjere i testovi asocijacije
izmedu para ordinalnih varijabli.

Predavanja su popracena nizom primjera i demonstracijama/vjezbama na racunalu uz primjenu statistickog softvera SAS.

Koja znanja i vjeStine student postize sluSanjem predmeta (do 200 slovnih mjesta):

Postize se znanje osnovnih statistickih pojmova i metoda, te vjestine prikazivanja, opisivanja i jednostavne analize podataka uz
pomo¢ statistiCkog softvera SAS (SAS/EG, SAS/INSIGHT i SAS/LAB).

Oblici provodenja izravne nastave:

Vrsta nastave .
- sati
oznaka naziv
P Predavanja 15
A Auditorne vjezbe
L Lgbvoratorljske 10
vijeZbe
S Seminar
CS Case studies 5

Literatura (navesti detaljne podatke o izdavaéu i godini izdanja):
Obvezna literatura:

red. br | Naziv

1. De Veaux R.D., Velleman P.F. Intro Stats. Pearson Addison Wesley, USA, 2004.

2. Cody R.P, J.K. Smith. Applied Statistics and the SAS Programming Language, 4th ed. Prentice
Hall, 1997

3. Pauge Z. Uvod u matemati¢ku statistiku, Skolska knjiga, Zagreb, 1993

Preporucena literatura:

red. br | Naziv

1. Kachigan S.K. Statistical Analysis: An Interdisciplinary Introduction to Univariate & Multivariate
Methods, Radius Press, NY, 1986.

2. Freedman D., R.Pisani, R.Purves. Statistics, 3rd ed. W.W. Norton & Co., NY, 1998.

3. Agresti A. An Introduction to Categorical Data Analysis, J.Wiley & Sons, NY, 1996.

Nacin polaganja ispita: Pismeno Usmeno D
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I. BASIC DATA ON PROPOSED SUBJECT

Subject Title: Applied Statistics
Subject holder: Vesna Luzar-Stiffler
Number of ECTS credits 7

Total of direct lecturing hours 30

Subject contents outlines (max 1200 letter signs):

Introduction: key statistical concepts, introduction to SAS statistical software (modules SAS/EG, SAS/INSIGHT and
SAS/LAB). Exploring and understanding categorical data. Exploring and understanding quantitative data. Introduction
to probability. Key probability theory concepts. Probability distributions (continuous and discrete) and examples.
Sampling distribution and the central limit theorem. Confidence intervals for means and proportions. Sample size
determination. Hypothesis testing: one and two samples, exploring the assumptions. Analysis of variance: graphical
presentation, exploring the assumptions, fundamental experimental designs (completely randomized and randomized
complete block design). Correlation and regression analysis: graphical data exploration, checking the assumptions,
simple and multiple regression models, regression diagnostics. Key bi-variate categorical data analysis methods:
measures of association and inference for nominal data, measures of association and inference for ordinal data.
Statistical concepts are illustrated through examples and demos/computer laboratory exercises using SAS statistical
software.

Competences and objectives acquired (max 200 letter signs):

The knowledge of key statistical concepts and methods is acquired. Data exploration, presentation and simple analysis
skills using SAS (SAS/EG, SAS/INSIGHT and SAS/LAB) statistical software are developed.

Direct lecturing forms:

Lecturing type
label | title o hours
P Lectures 15
A Auditory practice
L Labo_ratory 10
practice
S Seminar
CS | Case studies 5
Obligatory references:
1. De Veaux R.D., Velleman P.F. Intro Stats. Pearson Addison Wesley, USA, 2004.
2. Cody R.P, J.K. Smith. Applied Statistics and the SAS Programming Language, 4th ed. Prentice
Hall, 1997
3. Pauge Z. Uvod u matematicku statistiku, Skolska knjiga, Zagreb, 1993
Recommended references:
1. Kachigan S.K. Statistical Analysis: An Interdisciplinary Introduction to Univariate & Multivariate
Methods, Radius Press, NY, 1986.
2. Freedman D., R.Pisani, R.Purves. Statistics, 3rd ed. W.W. Norton & Co., NY, 1998.
3. Agresti A. An Introduction to Categorical Data Analysis, J.Wiley & Sons, NY, 1996.

Exam mode: Written Oral | |
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SVEUCILISTE U ZAGREBU
Zdruzeni doktorski studij "Geoengineering and water management"

NAZIV PREDMETA: Primijenjene numeri¢ke metode

VRSTA PREDMETA: izborni

NOSITELJ(1)

PREDMETA: prof.dr.sc. Mladen BOZICEVIC

SURADNICI:

JEZIK IZVODENJA

PREDMETA: Hrvatski

broj sati
nastave

Predavanja 30

ECTS

Vjezbe

| OPIS PREDMETA:

Cilj predmeta je upoznati studenta s metodama i tehnikama numericke analize te s njihovim primjenama na rjeSavanje
problema iz inzenjerske prakse. Ovisno o raspolozivom vremenu u kolegiju ¢e se obraditi neke od sljedecih tema:
analiza gresaka, interpolacija i aproksimacija, numeric¢ka linearna algebra, nelinarne jednadzbe, numericko
diferenciranje i integriranje, optimizacija, numericke metode rjeSavanja obi¢nih i parcijalnih diferencijalnih jednadzbi.

| METODE PROVODENJA NASTAVE:

Nastavni program se ostvaruje predavanjima i konzultacijama. Tijekom predavanja se obraduje teoretsko gradivo i
rjesavaju se konkretni primjeri primjenom ra¢unalnih programa MATLAB i Mathematica.

| POPIS LITERATURE:

1. David R. Kincaid, E. Ward Cheney: Numerical Analysis: Mathematics of Scientific Computing, Brooks Cole, 2001.
2. Steven C. Chapra: Applied Numerical Methods with MATLAB for Engineering and Science, McGraw-Hill, 2004.
3. Zlatko Drmac, Vjeran Hari, Miljenko Marusi¢, Mladen Rogina, Sanja Singer, SaSa Singer: Numericka Analiza,
web.math.hr/~rogina/2001096/num_anal.pdf

| NACIN POLAGANJA ISPITA:

Pismeni i usmeni ispit.

| NACIN PRACENJA KVALITETE NASTAVE:

Anonimne studentske ankete na kraju semestra. Anketa obuhvaca kvalitetu izvodenja nastave, sadrzaj i koncepciju
predmeta.
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UNIVERSITY OF ZAGREB
Joint Doctoral Programme “Geo-Engineering and Water Management”

COURSE TITLE: Applied numerical methods

COURSE STATUS: elective

LECTURER'S: prof.dr.sc. Mladen BOZICEVIC

LECTURER
ASSOCIATES:

LANGUAGE OF THE

COURSE: Croatian

hours ECTS

Lectures 30

Exercises

COURSE DESCRIPTION:

The aim of the course is to present a survey of numerical methods and to describe their applications to the solution of
practical engineering problems. The course will cover the following topics: numerical interpolation and
approximation, numerical linear algebra, nonlinear equations, numerical methods for solving ordinary and partial
differential equations.

METHODS OF TEACHING:

The course consists of lectures and consultations. During the lectures students are acquainted with theoretical and
practical aspects of numerical methods. Mathematical software known as MATLAB and Mathematica will be used to
solve concrete examples drawn from science and engineering.

LIST OF RECOMMENDED LITERATURE:

1. David R. Kincaid, E. Ward Cheney: Numerical Analysis: Mathematics of Scientific Computing, Brooks Cole, 2001.
2. Steven C. Chapra: Applied Numerical Methods with MATLAB for Engineering and Science, McGraw-Hill, 2004.
3. Zlatko Drmac, Vjeran Hari, Miljenko Marusi¢, Mladen Rogina, Sanja Singer, SaSa Singer: Numericka Analiza,
web.math.hr/~rogina/2001096/num_anal.pdf

EXAMINATION SYSTEM:

Written and oral exam.

| QUALITY ASSURANCE METHODS:

An anonymous questionnaire will be filled in by all of the course participants. This procedure is compulsory for all
subjects and is aimed at evaluation both of the teacher's performance (quality of delivery) and of the overall content
and structure of the course.
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I. OSNOVNI PODACI O PREDLAGANOM PREDMETU

Naziv predmeta: Metodologija znanstvenog istraZivanja
Nositelj predmeta: Anita Ceri¢
Broj ECTS bodova 6

Ukupno sati izravne nastave: 30

Okvirni sadrzaj predmeta (do 1200 slovnih mjesta):

Pojam znanosti i uloga znanosti u drustvu. Razvoj znanosti kroz povijest. Suvremena znanost. Znanstvena
istrazivanja i znanstvene metode. Predmeti znanstvenog istrazivanja. Projekt znanstvenog istrazivanja.
Uloga paradigmi u znanosti. Klasificiranje znanstvenih metoda. Pojam, vrste i testiranje hipoteza.
Metodologija istrazivanja. Pisanja eseja, seminarskih radova, kritickih prikaza i znanstvenih izvjestaja.
Izrada doktorske disertacije. Bitni elementi doktorske disertacije. Doprinosi znanosti. Prikupljanje literarne
grade. Vrste publikacija. Bitna obiljezja znanstvenih ¢lanaka. Kompozicija znanstvenih ¢lanaka. Citiranje
literature i i bibligrafija.

Koja znanja i vjestine student postize slusanjem predmeta (do 200 slovnih mjesta):

Cilj kolegija je upoznati studente s razvojem i primjenom znanosti, te pripremiti ih za izradu doktorske
disertacije.

Oblici provodenja izravne nastave:

Vrsta nastave .
- sati
oznaka naziv
P Predavanja 18
A Auditorne vjezbe
Laboratorijske
L L
vijeZbe
S Seminar 12
CS Case studies

Literatura (navesti detaljne podatke o izdavacéu i godini izdanja):
Obvezna literatura:

1. R. Zelenika: Metodologija i tehnologija izrade znanstvenog i strucnog djela, Ekonomski fakultet u
Rijeci, Rijeka, 2000

2. R. Fellows & A. Liu: Research Methods for Construction. Oxford: The Blackwell Science, 1997.

3.

Preporucena literatura:

1. Holt, D.G. A guide to successuful dissertation study for students of the built environment.
Wolverhampton: University of Wolverhampton, 1997

2. Robert, K.Y. Case study research, design and methods: SAGE Publications, 1994.

Nacin polaganja ispita: Pismeno X Usmeno
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I. BASIC DATA ON PROPOSED SUBJECT

Subject Title: Research Methodology

Subject holder: Anita Ceri¢

Number of ECTS credits 6

Total of direct lecturing 30
hours

SUbjECt contents outlines (max 1200 letter signs):

Introduction to science and the role of science in the society. Development of the science through the history.
Contemporary science. Scientific research and scientific methods. Scientific research subjects. Science
projects. The role of paradigm in science. Classification of the scientific research methods. Role of
Hypothesis and objective testing of hypothesis.

Research methodology. How to write essays, critiques and scientific reports. Writing doctoral thesis. The
main parts of doctoral thesis. Contribution to the knowledge. Collecting the literature. Data collection and
data analysis. Reporting the results of research. Classification of written paper. Citing references and
Bibliography.

Competences and objectives acquired (max 200 letter signs):

The main purpose of this course is to introduce students with the development and implementation of the
scientific research and technology development and to prepare them for writing doctoral thesis.

Direct lecturing forms:

Lecturing type

label | title o hours

P Lectures 18
A Auditory practice
L Laboratory
practice
S Seminar 12
CS | Case studies

Obligatory references:

Ordinal Title

number

1. R. Zelenika: Metodologija i tehnologija izrade znanstvenog i strucnog djela, Ekonomski fakultet u
Rijeci, Rijeka, 2000
2. R. Fellows & A. Liu: Research Methods for Construction. Oxford: The Blackwell Science, 1997.

Recommended references:

Ordinal Title

number

1. Holt, D.G. A guide to successuful dissertation study for students of the built environment.
Wolverhampton: University of Wolverhampton, 1997
2. Robert, K.Y. Case study research, design and methods: SAGE Publications, 1994.

Exam mode: Written OraI |:| fill in x in either one or both boxes

Verzija 02.01.2013 Ivs



Form 1 — opis predmeta

ZdruZeni studij (University of Budapest, Graz, Maribor, Zagreb)

Zdruzeni studij

Doktorski studij: Geo-Engineering and Water Management

Naziv predmeta Eksperimenti u gospodarenju vodama
Vrsta predmeta izborni
Nastavnik Goran Gjetvaj

| Opis predmeta (max. 1500 characters):

Postoje tri nacina pristupa rjeSavanju problema u upravljanju vodama: a) teoretska razmatranja i razmisljanja, b)
iskustvo i c) istrazivanja na modelima. Teorija moze biti korisna samo u odredenim, ¢esto znatno pojednostavljenim
analizama, nasa iskustva su cesto nedostatna za analizu novog nacina upravljanja vodama. Samo dobro ustrojen
modeli mogu biti koristan alat za predvidanje uéinaka predloZenog projekta i iznalazenje tehnicki i ekonomski
optimalnog rjesenja. Teme koje ce se tretirati su:

I Predavanja

1.Uvod: mjerni sustavi, planiranje i optimalizacija eksperimenta, 2. Fizikalni modeli: osnove fizikalnog modeliranja i
uvjeti sli¢nosti, osnivanje modela hidrotehnicki laboratorij, primjeri fizikalnog modeliranja,3. Mjerenja u prirodi:
organizacija i metode mjerenja 4. Mjerna tehnika: mjerenje razine vode, mjerenje brzine, mjerenje protoka, mjerenje
tlaka i sila, mjerenje ostalih parametara (temperatura, koncentracija tvari,...) 5. Prikupljanje i obrada izmjerenih
fizikalnih velicina: senzori, pojacala, obrada signala, multipleksori, analogno digitalni konverter, prikaz rezultata,
pogreske mjerenja 6. Korelacijski problemi: analiza i koriStenje dobivenih rezultata

11 Koncipiranje i provedba vlastitog eksperimenta

Vjestine koje ¢e student savladati:

Studenti ¢e savladati elemente hidraulickog modeliranja u upravljanja vodama, naéin organiziranja hidrauli¢kih
modela, kao i metode obradivanja dobivenih rezultata. Nakon polozenog ispita ¢e biti u mogucnosti izraditi vlastiti
fizikalni model.

Preporucena literatura:

1. Kobus,H.: Hydraulic modeling, Verlag Paul Parey, Hamburg, 1980

2. Novak P.,Cabelka.J, Models in Hydraulic Engineering, Pitman,1981

3. Stavros. T., Measurements in Fluid Mechanics, Cambridge University press, Cambridge, 2005

4. Chadwick, A., Morfett, J. C., Borthwick, M. (2004): Hydraulics in Civil and Environmental Engineering. 4"
Edition. Taylor & Francis.

5. Gjetvaj: Interna skripta

Metode osiguranja kvalitete :

Anonimne studentske ankete na kraju semestra. Anketa obuhvaca kvalitetu izvodenja nastave, sadrZaj i koncepciju
predmeta.
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Form 1 — Course description

Joint PhD study program (University of Budapest, Graz, Maribor, Zagreb)
POSTGRADUATE Joint Doctoral program
STUDY: Geo-Engineering and Water Management
COURSE TITLE: EXPERIMENTS IN WATER MANAGEMENT
COURSE STATUS: optional course
LECTURER’S Goran Gjetvaj

COURSE DESCRIPTION (max. 1500 characters):

There are three ways to approach the solution of a problem in water management: by theory and reasoning, by
experience or by investigating the problem and the design on a model. However, theory can be useful only in certain,
often schematized situation, our experience may be inadequate to provide a new way of water management due to the
uniqueness of the solution. Systematic experiments require theoretical guidelines and only well established models
can be a useful tools for predicting the effects of a proposed design and to product technically and economically
optimal solutions in water management. The subjects that will be treat are:

| theoretical part

1. Introduction: planning and optimizing experiments, measuring systems, 2 Physical models: fundamentals of
physical modeling and satisfying the conditions of similarity, Hydrotehnic laboratory, examples of physical modeling,
3 Principles of measurement methods 4. Measurements of the water level, velocity, discharge, pressure, force,
temperature and concentration of pollutants 5. Sampling and processing of measured physical variables: sensors,
amplifiers, signal processing, multiplexers, analog to digital converter, presentation of results, errors 6. Analyzing and
using of obtained results

I1 The concept and implementation of their own experiment
Each student will make his own experiment

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES (max. 500 characters — describe main goal of
the subject in terms of knowledge and skills that a student would acquire by taking the course):

Students will learn some elements of hydraulic modelling in water management, and the way to organize hydraulic
model as well as to analize the obtained results. They will be able to make prognosis of coupled flow and transport
processes in hydrosystems by experimental methods. Students will have a good understanding of the fundamentals of
a range of physical processes, advanced modelling techniques and information technology for water management.

| RECOMMENDED LITERATURE (with detailed data on publisher and year of publication):

6. Kobus,H.: Hydraulic modeling, Verlag Paul Parey, Hamburg, 1980

7. Novak P.,Cabelka.], Models in Hydraulic Engineering, Pitman,1981

8. Stavros. T., Measurements in Fluid Mechanics, Cambridge University press, Cambridge, 2005

9. Chadwick, A., Morfett, J. C., Borthwick, M. (2004): Hydraulics in Civil and Environmental Engineering. 4"
Edition. Taylor & Francis.

| QUALITY ASSURANCE METHODS:

An anonymous questionnaire will be filled in by all of the course participants. This procedure is compulsory for all
subjects and is aimed at evaluation both of the teacher's performance (quality of delivery) and of the overall content
and structure of the course.
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SVEUCILISTE U ZAGREBU
Zdruzeni doktorski studij "Geoengineering and water management"

NAZIV PREDMETA: GEOKEMIJA ONECISCIVACA

VRSTA PREDMETA: izborni

NOSITELJ(1)

PREDMETA: Doc.dr.sc. Sanja KAPELJ

SURADNICI:

JEZIK IZVODENJA

PREDMETA: Hrvatski

broj sati

ECTS
nastave

Predavanja 30

Vjezbe 0

OPIS PREDMETA:

Obiljezja geoloskog okolisa (kruta, tekuca i plinska faza, porijeklo i sastav)). Geokemijska obiljezja i procesi u tlu,
okoliSu i utjecaj na okoli§). Radionuklidi u okolisu, tlu i vodama. Odjeljivanje onecis¢ivaca u okoliSu. Procesi
transformacije i retardacije anorganskih i organskih onecis¢ivaca u okolisu (fizicki, kemijski i biokemijski). Transport
ponasanja razlicitih onecis¢ivaca u okoliSu i modeli transporta onecis¢enja. Analiticke tehnike i metode odredivanja
razli¢itih vrsta oneciS¢enja u uzorcima sedimenata, tla i voda. Sustavi motrenja onecis¢enja tla i voda.

METODE PROVODENJA NASTAVE:

Nastavni program se ostvaruje predavanjima i konzultacijama. Tijekom predavanja se obraduje teoretsko gradivo iz
podrucja predmeta temeljeno na primjerima iz prakse. Izrada seminarskog rada s obzirom na podrucje interesa
studenta. Samostalna izrada seminarskog rada uz konzultacije s nastavnikom i prezentacija.

POPIS LITERATURE:

1. Berkowitz, B., Dror, 1., Yaron, B. : Contaminant Geochemistry, Interactions and transport in Subsurface
Environment. Springer —Verlag, 2008, 412 p.

2. Fetter, C.W. : Contaminant Hydrogeology. Waveland Press Inc., 2008, 500 p.

3. Kapelj, S., Tepes, P. : Nastavni materijali u pdf-u.

NACIN POLAGANJA ISPITA:

Izrada i prezentacija seminarskog rada. Usmeni ispit.

NACIN PRACENJA KVALITETE NASTAVE:

Anonimne studentske ankete na kraju semestra. Anketa obuhvaca kvalitetu izvodenja nastave, sadrzaj i koncepciju
predmeta.
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UNIVERSITY OF ZAGREB
Joint Doctoral Programme “Geo-Engineering and Water Management”
COURSE TITLE: CONTAMINANT GEOCHEMISTRY
COURSE STATUS: elective
LECTURER'S: Doc.dr.sc. Sanja KAPELJ
LECTURER
ASSOCIATES:
LANGUAGE OF THE Croatian
COURSE:
hours ECTS
Lectures 30 -
Exercises 0

COURSE DESCRIPTION:

Characteristics of geological environment (solid, liquid and gas phases, origin and composition). Geochemical
characteristics and processes in soils, natural surface and ground waters. Inorganic and organic contaminants (origin,
behaviour and impact on environment. Radionuclides in environment, soils and waters. Contaminant fractionation in
environment. Transformation and retardation of inorganic and organic contaminats in environment (physical, chemical
and biochemical). Transport of inorganic and organic contaminant transport in soils, unsaturated and saturated zone of
aquifer (non-reactive and reactive contaminants). Modelling behaviour of a different types of contaminants in an
environment and models of contaminant transport. Analytical techniques and methods for determination of a different
types of contaminants in sediment, soil and water samples. Monitoring systems for a soil and water contamination.

METHODS OF TEACHING:

Teaching program is realized by a lectures and consultations. During lectures, prepared teorethical subject matter of
course is based on an examples from a practice. Preparation of seminar work according to the student area of an
interest.

LIST OF RECOMMENDED LITERATURE:

1. Berkowitz, B., Dror, 1., Yaron, B. : Contaminant Geochemistry, Interactions and transport in Subsurface
Environment. Springer —Verlag, 2008, 412 p.

2. Fetter, C.W. : Contaminant Hydrogeology. Waveland Press Inc., 2008, 500 p.

3. Kapelj, S., Tepes, P. : Lectrue notes in pdf format.

EXAMINATION SYSTEM:

Preparation and presentation of seminar work. Oral exam.

| QUALITY ASSURANCE METHODS:

An anonymous questionnaire will be filled in by all of the course participants. This procedure is compulsory for all
subjects and is aimed at evaluation both of the teacher's performance (quality of delivery) and of the overall content
and structure of the course.
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SVEUCILISTE U ZAGREBU
Zdruzeni doktorski studij "Geoengineering and water management"

METODE ZASTITE KRSKIH I MEDUZRNSKIH VODONOSNIKA

NN PROTECTION METHODS OF KARST AND INTERGRANULAR AQUIFERS

VRSTA PREDMETA: izborni
NOSITELJ(I) Lo,
PREDMETA: prof.dr.sc. Zoran Naki¢; doc.dr.sc. Ranko Biondié
SURADNICI:
JEZIK 1ZVODENJA .
PREDMETA: Hrvatski
broj sati ECTS
nastave
Predavanja 20 .
Vjezbe 5

| OPIS PREDMETA:

Razine zastite podzemnih voda; zastita strateskih zaliha podzemnih voda RH, uloga prostornoga planiranja u zastiti
podzemnih voda; novi pristup zastiti podzemnih voda prema EU direktivama i smjernicama; vrednovanje podzemnih
voda kao podloga zastite podzemnih voda.

ZASTITA KRSKIH VODONOSNIKA:

Karakteristike i specifi¢nosti krkih terena; Specifi¢nosti priobalnih i oto¢nih vodonosnika; Antropogeni utjecaj na
krske vodonosnike, transport onecis¢ivaca i procesi; Metode istrazivanja krskih vodonosnika s aspekta zastite; Pregled
zakonske regulative vezane uz zastitu krskih vodonosnika (zakoni, pravilnici, ODV, CIS vodici,...); Iskustva
Europskih zemalja.

ZASTITA MEPUZRNSKIH VODONOSNIKA:

Znacajke i ranjivost meduzrnskih vodonosnika; metode za odredivanje zona sanitarne zastite u meduzrnskim
vodonosnicima; primjena analitickih i numeri¢kih modela za simulaciju toka podzemne vode i trasiranja Gestica ;
uloga nezasicene zone u definiranju zona sanitarne zastite.

METODE PROVODENJA NASTAVE:

Nastavni program se ostvaruje kroz predavanja, vjezbe i konzultacije. Tijekom predavanja se obraduje teoretsko
gradivo iz podrucja predmeta temeljeno na primjerima iz prakse. Tijekom vjezbi se rjeSavaju proracuni za definiranje
zona sanitarne zastite.

POPIS LITERATURE:

Biondi¢, B., Biondi¢, R., Measki, H. (2010): The conceptual hydrogeological model of the Plitvice Lakes.— In:
Bonacci, O. & Juradi¢, M. (eds.): Geologia Croatica. 63, 2; pp 195-206, Croatian Geological Survey and Croatian
Geological Society, Zagreb.

Biondi¢, B., Biondi¢, R. & Kapelj, S. (2006): Karst groundwater protection of the Kupa River catchment area and
sustainable development.— Environmental Geology, Vol. 49, Number 6, March 2006, pp 828-839, Springer-Verlag,
Heidelberg.

Biondi¢, B.; Biondi¢, R.: Dukari¢, F. (1988). Protection of Karst aquifers in the Dinarides in Croatia. Environmental
Geology, Springer, vol. 34/4, pp 309-320.

OKVIRNA DIREKTIVA O VODAMA (ODV) 2000/60/EC (2000): Water Framework Directive of the European
Parliament and of the Council establishing a framework for Community action in the field of water policy.
DIREKTIVE O PODZEMNIM VODAMA 2006/118/EC (2006): Direktiva Europskog parlamenta i Vije¢a o zastiti
podzemnih voda od oneciséenja i pogorsanja kakvoce.

CIS vodici

COST 65 (1995): Karst groundwater protection. Final report.- European Commission. 446 pp. Luxembourg.

COST Action 621 (2005): Groundwater management of coastal karstic aquifers.- TULIPANO, L. (ed.). COST Office.
Luxembourg, Office for Official Publications of the European Communities. ISBN 92-898-0015-1, EUR 21366.
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C.W. Fetter (1998): Contaminant Hdrogeology, 2nd ed., Prentice Hall, Inc

Naki¢, Z., Romié, D., Fredotovi¢, M., Sipos, L., Leinert Novosel, S., Artukovié, M., Simunovi¢, L., Sare, J., Kosty, T.
(2009): Metodologija vrednovanja i zastite podzemnih voda Republike Hrvatske, Studija, RGN fakultet.

Naki¢, Z. (2008): New approach to groundwater protection in Croatia according to the requirements of EU directives
and guidelines, Symposium with international participation “Water Management in Croatia”, Annual 2008 of the
Croatian Academy of Engineering (ur. Kniewald, Zlatko), Zagreb, 335-353.

Strategija upravljanja vodama (Narodne novine br. 91/2008).

Quevauviller, P. (2005): Groundwater monitoring in the context of EU legislation: reality and integration needs. J.
Environ. Monit. 7, 89-102.

Ranaudo, J-D., Loubier, S., Goerlach, B., Interwies, E. (2003): Economic assessment of groundwater protection,
Executive summary in European Commission project: “Economics of groundwater protection”, ENV.A.1/2002/0019.

| NACIN POLAGANJA ISPITA:

Seminar i usmeni ispit.

| NACIN PRACENJA KVALITETE NASTAVE:

Anonimne studentske ankete na kraju semestra. Anketa obuhvaca kvalitetu izvodenja nastave, sadrzaj i koncepciju
predmeta.
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UNIVERSITY OF ZAGREB
Joint Doctoral Programme “Geo-Engineering and Water Management”
COURSE TITLE: PROTECTION METHODS OF KARST AND INTERGRANULAR AQUIFERS
COURSE STATUS: elective
LECTURER'S: prof.dr.sc. Zoran Naki¢; doc.dr.sc. Ranko Biondié
LECTURER
ASSOCIATES:
LANGUAGE OF THE Croatian
COURSE:
hours ECTS
Lectures 20 -
Exercises 5

| COURSE DESCRIPTION:

Levels of groundwater protection: protection of the strategic groundwater resources of the Republic of Croatia; the
role of spatial planning in groundwater protection; new approach to groundwater protection according to EU directives
and guidelines; valuing of groundwater as a basis for groundwater protection.

KARST AQUIFERS PROTECTION:

Characteristics and specificity of karst terrain; specifics of coastal and island aquifers; anthropogenic impact on karst
aquifers; contaminant transport and processes; methods of research of karst aquifers in terms of protection; review of
legislation relating to the protection of karst aquifers (laws, ordinances, WFD, CIS guides. ..); the experience of
European countries.

INTERGRANULAR AQUIFERS PROTECTION:

Characteristics and vulnerability of intergranular aquifers: methods for determination of sanitary protection zones in
intergranular aquifers; the application of analytical and numerical models for simulation of groundwater flow and
particle tracking; the role of unsaturated zone in determination of sanitary protection zones.

METHODS OF TEACHING:

The curriculum is accomplished through lectures, seminars and consultations. During the lectures part deals with the
theoretical material of the course framework based on practical examples. During the exercises students are solving
calculations to define the zones of sanitary protection.

LIST OF RECOMMENDED LITERATURE:

Biondi¢, B., Biondi¢, R., Measki, H. (2010): The conceptual hydrogeological model of the Plitvice Lakes.— In:
Bonacci, O. & Juraci¢, M. (eds.): Geologia Croatica. 63, 2; pp 195-206, Croatian Geological Survey and Croatian
Geological Society, Zagreb.

Biondi¢, B., Biondi¢, R. & Kapelj, S. (2006): Karst groundwater protection of the Kupa River catchment area and
sustainable development.— Environmental Geology, Vol. 49, Number 6, March 2006, pp 828-839, Springer-Verlag,
Heidelberg.

Biondi¢, B.; Biondi¢, R.: Dukari¢, F. (1988). Protection of Karst aquifers in the Dinarides in Croatia. Environmental
Geology, Springer, vol. 34/4, pp 309-320.

OKVIRNA DIREKTIVA O VODAMA (ODV) 2000/60/EC (2000): Water Framework Directive of the European
Parliament and of the Council establishing a framework for Community action in the field of water policy.
DIREKTIVE O PODZEMNIM VODAMA 2006/118/EC (2006): Direktiva Europskog parlamenta i Vijeca o zastiti
podzemnih voda od onecis¢enja i pogorsanja kakvoce.

CIS vodi¢i

COST 65 (1995): Karst groundwater protection. Final report.- European Commission. 446 pp. Luxembourg.
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COST Action 621 (2005): Groundwater management of coastal karstic aquifers.- TULIPANO, L. (ed.). COST Office.
Luxembourg, Office for Official Publications of the European Communities. ISBN 92-898-0015-1, EUR 21366.

C.W. Fetter (1998): Contaminant Hdrogeology, 2nd ed., Prentice Hall, Inc

Naki¢, Z., Romi¢, D., Fredotovi¢, M., Sipos, L., Leinert Novosel, S., Artukovié¢, M., Simunovi¢, L., Sare, J., Kosty, T.
(2009): Metodologija vrednovanja i zastite podzemnih voda Republike Hrvatske, Studija, RGN fakultet.

Naki¢, Z. (2008): New approach to groundwater protection in Croatia according to the requirements of EU directives
and guidelines, Symposium with international participation “Water Management in Croatia”, Annual 2008 of the
Croatian Academy of Engineering (ur. Kniewald, Zlatko), Zagreb, 335-353.

Strategija upravljanja vodama (Narodne novine br. 91/2008).

Quevauviller, P. (2005): Groundwater monitoring in the context of EU legislation: reality and integration needs. J.
Environ. Monit. 7, 89-102.

Ranaudo, J-D., Loubier, S., Goerlach, B., Interwies, E. (2003): Economic assessment of groundwater protection,
Executive summary in European Commission project: “Economics of groundwater protection”, ENV.A.1/2002/0019.

EXAMINATION SYSTEM:

The seminar and oral exam.

| QUALITY ASSURANCE METHODS:

An anonymous questionnaire will be filled in by all of the course participants. This procedure is compulsory for all
subjects and is aimed at evaluation both of the teacher's performance (quality of delivery) and of the overall content
and structure of the course.
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