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1 
Modulname 

Module name 
Modeling of Hydrosystems 

2 
Modulkürze 

Identification code 
021420011 

3 
Leistungspunkte (LP) 

Credit points (CP) 
6 

4 
Semesterwochenstunden (SWS) 

Semester load 
5 

5 

Moduldauer (Anzahl der Semester) 

Module duration (Number of 

semesters) 

1 Semester 

6 
Turnus 

Cycle 
every 2nd semester 

7 
Sprache 

Language 
English 

8 
Modulverantwortlicher 

Person in charge of module 

Prof. Dr.-Ing. Rainer Helmig 

Institut für Wasserbau 

Lehrstuhl für Hydromechanik und 

Hydrosystemmodellierung 

Tel: 0711 / 685–64741 

rainer.helmig@iws.uni-stuttgart.de 

9 
Dozenten 

Lecture 

Dr. rer.nat. Bernd Flemisch, M.Sc, 

Bernd.Flemisch@iws.uni-stuttgart.de  

Dr. Karen Sophie Schmid,  

karen.schmid@iws.uni-stuttgart.de  

 

10 

Verwendbarkeit/ Zuordnung zum 

Curriculum / Applicability / Assignment 

to curriculum 

WAREM (M.Sc), K, Mandatory for Section, 2nd 

Semester, (SS) 

11 
Voraussetzungen 

Prerequisites 

Recommended background knowledge: 

Higher Mathematics: 

 Partial differential equations  

 Numerical integration 

 

Fundamentals of fluid mechanics: 

 Conservation equations for mass, momentum, 

energy 

 Mathematical description of flow and transport 

processes 

12 Lernziele 

Intended learning outcome 

Students can select suitable numerical methods for 

solving problems from fluid mechanics and have basic 

knowledge of implementing a numerical model in C.  

 

 

 

 

 

 

13 Inhalt The course Modeling of Hydrosystems and 

mailto:Bernd.Flemisch@iws.uni-stuttgart.de
mailto:karen.schmid@iws.uni-stuttgart.de


Content Hydroinformatics covers the numerical basics for 

groundwaterflow- and transport models, as well as 

corresponding techniques for transferring natural 

processes into a numerical model.  

In recent years, the numerical modeling of flow and 

transport processes has become one of the most 

powerful prediction tools for the assessment of 

impacts on or changes in hydrosystems. In this 

lecture, an introduction is given to system theory, 

numerical methods and discretization techniques. In 

particular, Finite-Difference and Finite-Element 

Methods for groundwater systems are discussed.  

Computer exercises are designed to enhance a better 

understanding aim at practical applications. 

 

Discretisation methods: 

 Knowledge of the common methods (finite 

differences, finite elements, finite volume) and 

the differences between them 

 Advantages and disadvantages and of the 

methods and thus of their applicability 

 Derivation of the various methods 

 Use and choice of the correct boundary 

conditions for the various methods 

 

Time discretisation: 

 Knowledge of the various possibilities 

 Assessment of stability,  computational effort, 

precision 

 Courant number, CFL criterion 

  

Transport equation: 

 Various discretisation possibilities 

 Physical background 

 Stabiity criteria of the methods (Peclet 

number) 

  

Choice of a grid  

Overview of discretisation techniques on the basis of 

the stationary  

groundwater equation: 

 Finite differences 

 Finite volume (integral finite differences) 

 Finite elements 

 

Time discretisation on the basis of the instationary 

groundwater equation: 

 explicit and implicit methods 

Discretisation of the transport equation: 

 Central difference methods 

 Upwinding 

Introduction to stability analysis, convergence 

Clarification of concepts: model, simulation 

Derivation of the finite element method 

Application of the finite element method to the 



stationary groundwater equation 

Setting-up of a simulation programme for modeling 

groundwater:  

 Programme requirements 

 Programming individual routines  

 

Fundamentals of programming in C: 

 Control structures 

 Functions 

 Arrays 

 Debugging 

Visualisation of the simulation results 

 

14 

Literatur / Lernmaterialien 

Literature / Learnung material 

Lecture notes: Modeling of Hydrosystems, Helmig 

Helmig, R.: Multiphase Flow and Transport Processes 

in the Subsurface, Springer Verlag, 1997 

 

15 
Lehrveranstaltungen und Lehrformen 

Course units and teaching methods  

Modeling of Hydrosystems 1.Fundamentals,  

Lecture, 1,5 SWS, 1,8 LP 

Modeling of Hydrosystems 1. Fundamentals, 

Exercise, 1 SWS, 1,2 LP 

Modeling of Hydrosystems 2. Applications,  

Lecture, 1,5 SWS, 1,8 LP 

Modeling of Hydrosystems 2. Applications, 

Excercise, 1 SWS, 1,2 LP 

16 
Abschätzung des Arbeitsaufwandes 

Estimation of workload 

Präsenzzeit: ca. 55 h 

Selbststudium: ca. 125 h 

 

Pos unit presence time self study Sum 

1 

Lecture  

1. Fundamental 16,5 37,5 54,0 

2 

Exercise  

1. Fundamental 11,0 25,0 36,0 

3 

Lecture  

2. Application 16,5 37,6 54,0 

4 

Exercise  

2. Application 11,0 25,0 36,0 

    180,0 
 

17a 

Studienleistungen (unbenotet) 

Course achievements (without mark) 
None 

Studienleistungen (benotet) 

Cource achievements (with mark) 
 

17b 
Prüfungsleistungen (benotet) 

Examination achievements (with mark) 
Written examination, 120 min. (PL-S) 

18 
Grundlage für ... 

Basis for ... 

Multiphase Modeling in Porous Media 

19 
Medienform 

Media  

Development of the fundamentals on the board, 

practical group exercises to consolidate the 

theoretically acquired fundamental knowledge. 

Practical implementation of problems via computer. 

Assistance from the lecturer via remote computer 

control in the multimedia lab of the Institute (IWS). 

 


