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The greatest rewards in research are earning the 
respect of your peers and noticing that your work is 
having some impact. While it is difficult, if not 
impossible, to quantify the former, the latter may be 
quantified by the number of citations in the 
scientific literature, or by seeing the results of your 
work (e.g., mathematical or numerical models) 
being used by others in their research, teaching, or 
for other applications. I have been tremendously 
fortunate that some of the numerical models I 
developed with my friends and colleagues over the 
years have found their way not only into the 
research community, but also into many university 
classrooms and offices of environmental consulting 
firms and regulatory agencies.  

In terms of numerical modeling of subsurface 
flow and solute transport processes, I believe that 
we have made quite significant progress over the 
past 25 years. My journey in this started in the mid-

1980s when I became part of a small group in 
Prague, at that time far behind the Iron Curtain, that 
was trying to develop one- and multi-dimensional, 
variably-saturated water flow and solute transport 
models on a personal computer (an Atari ST). I am 
using here "personal" in its very literal meaning, as 
opposed to mainframes and computers owned by 
institutions. The 
Atari was the 
personal property 
of Prof. Milena 
Císlerová, who 
enabled a few of 
us to “play” with 
her computer to 
test various 
numerical schemes 
and techniques. 
This was at a time 
when most or all 
governmental 
research institutions in Czechoslovakia did not have 
access to any computer. I will be always grateful to 
Milena for this. Later on, I got my own Atari and 
installed it in the bedroom of my apartment to the 
great dismay of my wife, Alena. In the early 

Twitter at the Fall Meeting 

Twitter is an excellent medium to keep up to date on interesting sessions and other goings on at the Fall 
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nineties, after the fall of communist systems in 
central Europe, I came to Riverside, CA where I 
began working with one of the most influential soil 
physicists of the twentieth century, Dr. Rien van 
Genuchten. I have been working with him ever 
since. 

During the past two decades, subsurface 
hydrologists have made tremendous progress in 
developing mathematical and numerical models for 
simulating flow and transport processes in the 
subsurface, especially as related to the vadose zone. 
In the late 1980s and early 1990s, most or all 
graduate students in soil physics and hydrology 
were forced to write their own numerical code, 
while the regulatory and consulting world mostly 
ignored the vadose zone since few tools existed for 
analyzing unsaturated flow and transport processes. 
Subsurface water started (or ended) at the 
groundwater table. This situation has changed 
radically. Many numerical models are now only a 
few clicks of the mouse away. This allows graduate 
students and researchers to focus on the real 
questions of their research, and many regulatory 
agencies now also force practicing engineers or 
consulting companies to include the vadose zone in 
their analysis. 

After starting with the “gaming” computers, our 
goal over the years has always been to make our 
models available for commonly available 
computing devices, without the need for 
supercomputing capabilities. I have also always 
tried to follow the tradition that was started by Rien 
of sharing our software. This includes making the 
latest results of our research (such as on modeling 
preferential water flow, root water and solute 
uptake, or reactive transport) available to anyone 
interested in our codes, and providing detailed 
documentation (manuals) so that users can fully 
understand the invoked physical, chemical, and 
biological processes. Initially, our programs were 
used mainly by the scientific community. However, 
this changed when Dr. Miroslav $ejna, my old high-
school friend from Czechia, started building 
sophisticated, graphical user interfaces for the 
programs in order to make them much easier and 
intuitive to use. The software then made its way 

very quickly into university classrooms and the 
offices of environmental consulting companies.  

While Rien's models were initially being 
distributed using punch cards, our programs (such 
as the early versions of the Hydrus codes) were later 
distributed using various types of diskettes and CD 
ROMs. And then finally, in the 1990s, we started to 
distribute the programs using the internet, thereby 
reaching people around the world. We had no idea 
at the time that there would be so much demand for 
the software. For almost a decade now, we have 
annually had more than ten thousand downloads 
from our website. The wide use of the Hydrus 
models is also reflected by the ever increasing 
number of citations, with the Hydrus website listing 
more than one thousand peer-reviewed journal 
studies in which Hydrus and its variants have been 
used. 

While the earlier versions of the Hydrus models 
($im%nek et al., 2008) were relatively simple in 
simulating only one-dimensional uniform water 
flow and linear solute transport in variably-saturated 
media, later versions included multi-dimensional, 
preferential/nonequilibrium flow processes, 
nonlinear and nonequilibrium solute transport, 
and/or coupled water, vapor, and energy transport. 
We continue to expand the capabilities of the 
Hydrus modeling environment by developing 
specialized modules for more complex applications 
that cannot be addressed using the early, standard 
versions. The following specialized modules have 
just been developed very recently: 
 
HP1/HP2: These two modules not only simulate 
variably-saturated water flow and solute and heat 
transport, but also a broad range of biogeochemical 
reactions in the vadose zone and/or ground water 
systems, including interactions with minerals, gases, 
exchangers, and sorption surfaces, based on 
thermodynamic equilibrium, kinetic, or mixed 
equilibrium-kinetic reactions. The HP modules 
(Jacques et al., 2008) couple Hydrus with the 
PHREEQC geochemical code (Parkhurst and 
Appelo, 1999); they significantly expand 
capabilities of the individual programs, while 
preserving most of their original features.  
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C-Ride: This module (Figure 1) simulates the 
transport of particle-like substances (e.g., colloids, 
viruses, bacteria, and nanoparticles), as well as 
colloid-facilitated solute transport ($im%nek et al., 
2006), which often occurs for strongly sorbing 
contaminants (e.g., heavy metals, radionuclides, 
pharmaceuticals, pesticides, and explosives). These 
contaminants are predominantly associated with the 
solid phase, which is commonly assumed to be 
stationary. However, the contaminants may also 
sorb/attach to mobile and deposited colloidal 
particles (e.g., microbes, humic substances, clays 
and metal oxides), which then may act as pollutant 
carriers to provide rapid transport pathways for the 
pollutants. This module fully accounts for the 
dynamics of colloid (attachment/straining) and 
solute (kinetic/equilibrium sorption to soil and 
mobile/deposited colloids) transfer between the 
different phases. 
 
DualPerm: This module (Figure 2) simulates 
preferential and/or nonequilibrium water flow and 
solute transport in dual-permeability media using 
the approach suggested by Gerke and van 
Genuchten (1993). The module assumes that the 
porous medium consists of two interacting regions: 
one associated with the inter-aggregate, macropore, 
or fracture system, and one comprising micropores 
(or intra-aggregate pores) inside soil aggregates or 
the rock matrix. Water flow can occur in both 
regions, albeit at different rates. Modeling details 
are provided by $im%nek and van Genuchten 
(2008). 

 
UnsatChem: The geochemical 
UNSATCHEM module ($im%nek 
and Suarez, 1994) has been 
implemented into both the one- and 
two-dimensional computational 
modules of Hydrus. This module 
simulates the transport of major 
ions and their equilibrium and 
kinetic geochemical interactions, 
such as complexation, cation 
exchange and precipitation-
dissolution (e.g., calcite, gypsum, 
and/or dolomite). Possible 
applications include studies of the 

salinization/reclamation of agricultural soils, 
sustainability of various irrigation systems, and the 
disposal of brine waters from mining operations. 

 
Wetland: This module (Figure 3) simulates 
aerobic, anoxic, and anaerobic transformation and 
degradation processes for organic matter, nitrogen, 
phosphorus, and sulphur during treatment of 
polluted wastewater in subsurface constructed 
wetlands. Constructed wetlands are engineered 
water treatment systems that optimize the treatment 
processes found in natural environments. 
Constructed wetlands have become popular since 
they can be quite efficient in treating different types 
of polluted water and provide sustainable, 
environmentally friendly solutions. A large number 
of physical, chemical and biological processes are 

F
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Figure 1:  Schematic of the colloid-facilitated solute 
transport model. 

Figure 2:  Pressure head profiles for the matrix (left), isotropic fracture, and fracture 
with Kx

A/Kz
A=10, and fracture with Kx

A/Kz
A=0.1. 
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simultaneously active and may mutually 
influence each other. The Wetland module 
uses two biokinetic model formulations to 
account for complex conditions that may 
occur in various types of wetlands 
(Langergraber and $im%nek, 2012). 

Additionally, many solute transport 
models within Hydrus can be adapted to 
describe particle (colloids, 
microorganisms, and nanoparticles) 
transport and retention. However, 
additional complexities may need to be 
considered for particle transport because 
of differences in the underlying physics as a result 
of size constraints, solid phase mass transfer, 
particle interactions, flow velocity, and solution and 
solid phase chemistry (Bradford et al., 2011).  

Our intent is to continue to develop new or 
improved modules for these and other processes, 
including surface runoff, freezing/thawing, and 
mechanical processes, as well as including more 
flexible global optimization tools. Additionally, we 
intend to apply these models and their specialized 
modules to various applications in order to increase 
our understanding of complex environmental 
systems. 
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Figure 3:  Steady-state distribution of heterotrophic organisms in a 
subsurface constructed wetland. 


