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Dr. Jirka Šimůnek is a Professor of Hydrology with the Department of Environmental 
Sciences of the University of California. He received an M.S. in Civil Engineering from 
the Czech Technical University, Prague, Czech Republic, and a Ph.D. in Water 
Management from the Czech Academy of Sciences, Prague. His expertise is in numerical 
modeling of subsurface water flow and solute transport processes, equilibrium and 
nonequilibrium chemical transport, multicomponent major ion chemistry, field-scale 
spatial variability, and inverse procedures for estimating the hydraulic properties of 
unsaturated porous media. He has authored and coauthored over 160 peer-reviewed 
publications and over 20 book chapters. His numeric models are used by virtually all 
scientists, students, and practitioners modeling water flow, chemical movement, and heat 
transport through variably saturated soils. Dr. Simunek is a recipient of the Soil Science 
Society of America’s Don and Betty Kirkham Soil Physics Award and a past chair of the 
Soil Physics (S1) of SSSA. He is an associate editor of Water Resources Research, 
Vadose Zone Hydrology, and Journal of Hydrological Sciences. 
 
OVERVIEW 
Soil and groundwater pollution is an ever-increasing, worldwide problem. Tens of 
billions of dollars are spent each year in the United States and elsewhere to remediate 
groundwater pollution, and to limit or prevent future contamination of the subsurface. 
Most subsurface pollution problems stem from activities involving the unsaturated 
(vadose) zone between the soil surface and the groundwater table. The unsaturated zone 
hence provides the best opportunities to limit or prevent groundwater pollution. Once 
contaminants enter groundwater, pollution is essentially irreversible, or can be 
remediated only with extreme costs. Numerical modeling is becoming an increasingly 
important tool for analyzing complex problems involving water flow and contaminant 
transport in the unsaturated zone. This course is designed to familiarize participants with 
the principles and mathematical analysis of variably-saturated flow and transport 



processes, and the application of state-of-the-art numerical codes to site-specific 
subsurface flow and transport problems. 
 
COURSE DESCRIPTION 
The course begins with a detailed conceptual and mathematical description of water flow 
and solute transport processes in the vadose zone, followed by an brief overview of the 
use of finite element techniques for solving the governing flow and transport equations. 
Special attention is given to the highly nonlinear nature of the governing flow equation. 
Alternative methods for describing and modeling the hydraulic functions of unsaturated 
porous media are also described. "Hands-on" computer sessions will provide participants 
an opportunity to become familiar with the Windows-based HYDRUS-1D and HYDRUS 
(2D/3D) software packages. Emphasis will be on the preparation of input data for a 
variety of applications, including flow and transport in a vadose zone, variably saturated 
flow through a dam, flow and transport to a tile drain, and two-dimensional leachate 
migration from a landfill through the unsaturated zone into groundwater. Calibration will 
be discussed and demonstrated by means of both one- dimensional inverse problem. 
 
COURSE SOFTWARE 
The course introduces a new generation of Windows-based numerical models for 
simulating water, heat and/or contaminant transport in variably-saturated porous media. 
These include the HYDRUS-1D and HYDRUS (2D/3D) codes for one- and two 
dimensional simulations, respectively, and the Rosetta code for estimating the soil 
hydraulic properties (and their uncertainty) from soil texture and related data. HYDRUS-
1D and HYDRUS (2D/3D) are supported by interactive graphics-based interfaces for 
data-preprocessing, generation of unstructured as well as structured finite element grid 
systems, and graphic presentation of the simulation results. Except for HYDRUS 
(2D/3D), all software packages are in the public domain. 
 
COURSE HANDOUTS 
Course handouts include lecture notes prepared by the instructor. Documentation of the 
RETC, STANMOD, HYDRUS-1D and HYDRUS-2D models is on a CD that will be 
given to each course participant. 
 
REGISTRATION AND ACCOMMODATION 
Registration: 
1200 NIS for students.  
3000 NIS for personnel from private companies, research institutes or other universities. 
 
Accommodation (5 min walking): 
300 NIS for a single room in the local guest house 
 
Lunch Suggestion: 
40 NIS in the local restaurant 
The local mini-market is open from 8:00-19:00 



 
GENERAL 
Basic knowledge of the theory of water movement, solute transport and heat transport is 
recommended. The participant will bring his/her personal laptop computer (Minimum 
system requirements: operating system Windows 2000 / XP / Vista, X86 CPU with 1 
GHz, 512 MB RAM, 10 GB total hard disk capacity with about 500 MB reserved for 
installation, graphic card with a resolution of 1024 x 768 pixels). 
 
Contact: Naftali Lazarovitch lazarovi@bgu.ac.il 



MODELING WATER FLOW AND CONTAMINANT TRANSPORT IN SOILS 
AND GROUNDWATER USING THE HYDRUS COMPUTER SOFTWARE 
PACKAGES 
 
COURSE OUTLINE 
 
Sunday (12.7.09) 
 
8:00-9:00 Setup 
 
9:00-10:30 Session 1 
Conceptual and mathematical description of variably-saturated water flow and solute 
transport processes, root-water uptake, nonequilibrium transport, decay chains, initial 
conditions, boundary conditions. 
 
11:00-12:30 Session 2 
The HYDRUS-1D software for simulating one-dimensional variably-saturated water flow 
and solute transport. 
 
Computer session: HYDRUS-1D: Infiltration of water into a one-dimensional soil 
profile. 
 
Lunch 
 
14:00 -15:00 Session 3 
Review of the hydraulic properties of unsaturated porous media; measurement, 
description, parameter estimation. 
 
16:30 – 16:30 Session 4 
Review of numerical methods for solving the variably-saturated water flow and solute 
transport equations; Application of finite element method to 1D flow and transport. 
 
17:00 – 18:30 Session 5 
Computer session: Application of HYDRUS-1D to a transient water flow and solute 
transport in a layered soil profile. 
 
Monday (13.7.09) 
 
8:30-10:00 Session 6 
Inverse modeling; application of HYDRUS to laboratory and field experiments. 
 
Computer session: Advanced one-dimensional forward and inverse problems with 
HYDRUS-1D. 
 
10:30-12:00 Session 7  
Application of finite element method to 2D variably-saturated water flow and solute 



transport; The HYDRUS (2D/3D) software package – model structure, examples; Pre-
and post-processing with HYDRUS (2D/3D) using the finite element mesh generator. 
 
Lunch 
 
14:00 -15:30 Session 8 
Computer session: Application of HYDRUS (2D/3D) to a simple two-dimensional 
problem (infiltration from a subsurface source). 
 
16:00 - 17:30 Session 9 
Computer session: Application of HYDRUS (2D/3D) to a complex two-dimensional 
problem (water flow and solute migrating to a stream). 
 
18:00 - 19:00 Session 10 
Computer session: Application of HYDRUS (2D/3D) to a simple three-dimensional 
problem. 
 
Tuesday (14.7.09) 
 
8:30-10:00 Session 11 
Preferential and Nonequilibrium Flow and Transport. 
 
Computer session: Application of HYDRUS-1D to simulate nonequilibrium flow and 
transport. 
 
10:30-12:00 Session 12 
Multicomponent biogeochemical transport modeling using the HYDRUS computer 
software packages; Introduction to the HP1 code, which was obtained by coupling 
HYDRUS-1D with the PHREEQC biogechemical code. 
 
Lunch 
 
14:00 -15:30 Session 13 
Computer session: Application of HP1 to a simple solute transport problem involving 
cation exchange. 
 
16:00 - 17:30 Session 14 
General session: Open session, other applications; discussion. 
 


