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1 INTRODUCTION

With the introduction of the BBSchG in 1999 the need for a standard modeling tool for contaminant trans-
port in the unsaturated zone has become apparent. The BBSchG requires that a seepage prognosis must be
conducted in the orienting stage of a contaminated site investigation. This rises a number of requirements for
a potential standard modeling tool: firstly the number of available soil parameters in the orienting phase is
small which is in contradiction to the number of parameters required by current modeling software. Secondly
the modeling software will be commonly used by non-experts in the field of modeling which requires the
model to be easy to use but still accurate and correct. In addition to the requirements posed by the BBSchG
there are a number of requirements to software that has to become standard: such software should be com-
patible with the preferential platform of potential users, easy to adapt for the needs of users, it should run
stably, and both the mathematical model and the software should be extensively tested for accuracy and cor-
rectness.

2 METHODS

The development of a suitable tool for seepage prognosis as specified by the BBSchG imposes a number of
requirements on both the mathematical model and the software design.

2.1. The mathematical model

The mathematical model behind SiWaPro (Kemmesies, 1999) the modeling module of COMBESICK, is
based on the mathematical model used in SWMS_2D (Simunek et al 1992), the predecessor of the popular
Hydrus 2D. It uses the Richards’ equation for calculating variably saturated flow and the advection-
dispersion equation for modeling solute transport. Both equations are set up for two dimension. The Rich-
ards’ equation used in the mathematical model of COMBESICK contains a term for water uptake by plant
roots (1):
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where 0 represents the volumetric water content, K the unsaturated hydraulic conductivity function, and S a
sink term. The volumetric water content needed in equation (1) is a function of the capillary pressure and the
hydraulic conductivity is a function of the water content of a soil. The models to derive these soil hydraulic
properties have been developed by Vogel and Cislerova (1988) and Luckner et al (1989) and are based on
the popular model of Van Genuchten (1980). According to Luckner et al (1989) the water content function
takes the form of equation (2).
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where 0,, represents the content of the wetting fluid, ¢ the porosity of the soil, and p. .. the pressure differ-
ence between wetting and nonwetting fluid in the capillary. In equation (2) A, B, and n are scaling factors of
the water content function. A is a function of the residual water content and B is a function of the residual air
content. o represents the magnitude of the capillary pressure at the turning point of the water content function
and n characterizes the increase of the water content function at its turning point. The relative permeability
which represents the conductivity of the soil is given by Luckner et al (1989) as follows:
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where k(0,,) represents the mobility as function of the water content, and k, the mobility at zero water con-
tent. S and §, are the mobility degrees. Mobilities are used instead of hydraulic conductivities in order to be
able to account for the presence of an immobile part of the fluid phase. Kemmesies (1995) defines the mobil-
ity degree S, of the phase i as the mobile fluid content 6;-6;, in its in its area of mobility ¢-0;,:

N 61 - ei,r
= Ce (4)

where 0; represents the phase content of i, 6;,the residual phase content of i, and ¢ the porosity of the soil.

The Richards’ equation (1) is solved using the Galerkin finite element method with linear basis functions
on triangular elements. The model allows for implicit, explicit and Crank-Nicholson methods of time discre-
tization. The resulting matrix is solved iteratively for each time step. After convergence at a specific time
step has been achieved, the resulting water content and the fluid flux are handed over to the advection-
dispersion equation.

The advection-dispersion equation incorporates terms for linear equilibrium adsorption and for zero-order
and first-order degradation (5):
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where ¢ = concentration of contaminant in solution, s = adsorbed concentration of contaminant, q = volumet-
ric flux, D = dispersion coefficient, pu = first-order rate constants, y = zero-order rate constants

The Galerkin finite element method is again used to solve the advection-dispersion equation and time
quantization can be achieved using implicit, explicit or Crank-Nicholson schemes.
COMBESICK allows for the implementation of various time-dependent and time-independent boundary
conditions and it includes the possibility to conduct parameter identification.
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Figure 1. The modules of COMBESICK

It is planned to extend the existing mathematical model by incorporating pedotransfer functions into
COMBESICK, in order to derive some of the hydraulic parameters from more easily available parameters
like soil texture, composition or grain size distribution. Additionally sensitivity analyses will be conducted
on COMBESICK in order to determine which parameters can be safely neglected under which circum-
stances. The results of the modeling will be given as fuzzy values as accomplished in the decision support
system Grumio (Piihl, 2000) in order to account for uncertainties in the mathematical model, and in the soil
parameter determination.
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Figure 2: Form for entering basic modeling parameters with context-sensitive help.
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2.2 The software design

|2 [« 0845

COMBESICK as a whole closely follows the concept of modular programming. It consists of a simulation
module, an adapted mesh generator, modules that regulate access to local and remote databases and a graphi-
cal-user interface which behaves similar to knowledge-based systems (Figure 1). The core of COMBESICK
is formed by the simulation module SiWaPro (Kemmesies, 1999) which calculates water flow and contami-
nant transport in two dimensions by solving the Richards’ equation and the advection dispersion equation as
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Figure 4. Space quantization using mesh generator Z88 (Rieg, 2000) and time quantization in COMBESICK.
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described in Section 2.1. A graphical user interface (GUI) guides the user through the process of data input.
Parameters required for the simulation include general model options (Figure 2), parameters for describing
the soil hydraulic properties (Figure 3), and parameters for describing the behaviour of the contaminant.
Furthermore, space relevant data such as boundary conditions have to be entered and time quantization has to
be conducted (Figure 4). The GUI contains an extensive help system consisting of context-sensitive help
(Figure 2) and online-help, as well as several data validation checks during data input, and the possibility of
data input based on recommendations. The recommended values will be derived from local and remote data-
bases containing soil and solute parameters for a variety of materials. Overall the structure of the module will
resemble those of knowledge-based systems. In addition to the guided data input COMBESICK will also in-
clude an “expert-mode” in order to offer the experienced user full access to the modeling parameters. An
adapted mesh generator allows flexible space quantization before and during runtime. COMBESICK cur-
rently contains the 2D triangular mesh generator EasyMesh 1.4 (Niceno, 1997) and the mesh generator Z88
(Rieg, 2000) used in COMBESICK for generation of 2D quadrangular meshes (Figure 4). Both mesh genera-
tors allow the generation of meshes with varying element sizes and irregular mesh boundaries. The simula-
tion module and the mesh generators have been compiled into dynamic link libraries and can therefore be
dynamically accessed during runtime. Sample output of seepage spreading in two dimension from a con-
taminated site is displayed in Figure 5.

3 DISCUSSION AND CONCLUSIONS

COMBESICK attempts to meet the requirements for a standard computer program used for conducting a
seepage prognosis according to the BBSchG. These requirements are imposed by the nature of the BBSchG
and by the potential users of such a program. COMBESICK tries to resolve the problem of small amounts of
available data in the orienting stage of a contaminated site investigation by mathematical and computational
methods. Mathematical methos include reducing the number of required parameters based on sensitivity
analayses and the use of pedotransfer functions. Computational methods include the connection to environ-
mental databases in order to obtain acceptable estimates for unknown soil parameters. Since these approxi-
mations lead to uncertainties in the mathematical model it will be attempted to express the results as fuzzy
values.
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Figure 5: Sample output of two-dimensional spreading of seepage below a contaminated site.
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The lack in modeling experience of the potential COMBESICK users is taken into account by implementing
a GUI similar to knowledge-based systems, an extensive help system, a large number of error checks, and
input value recommendations based on data obtained from local and remote soil databases. Federal environ-
mental bureaus and engineering companies in Germany are the potential users of COMBESICK. Since Mi-
crosoft Windows is the preferential platform in bureaus and companies in Germany COMBESICK is being
developed for this platform. The modular nature of COMBESICK allows easy adaption to the needs of users
or to new governmental regulations. Since the modules of COMBESICK are largely based on popular and
extensively tested programs the stability, accuracy and correctness of COMBESICK altogether is also guar-
anteed. In addition validation of the model by using soil column tests will performed in cooperation with the
project partner from TU Dresden.
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Herb P., Graeber P.-W., Kemmesies O. COMBESICK - datora programmatiira lemuma pamato$anai caurplu-
des prognozei.

Augsne un pazemes udens ir svarigi dabas resursi. Sie resursi ir ierobezoti, griti atveselojami, ja tie ir piesarpoti, un
pieprasijums péc tiem pieaug. So apstakju dé] resursu aizsardziba ir kjuvusi Joti nozimiga. Tapéc 1999. gada Vicijas li-
kumdosana ieviesa ta saukto Bundes-Bodenshutzgesetz (BBch6) likumu, kurs regulé augsnes atveseloSanu un aizsardzi-
bu Vacija. Atbilstosi sim likumam, tidens vertikalas caurpliidis prognoze ir nepieciesama, ja piesarnojuma koncentraci-
ja augsné parsniedz likuma pielauto lielumu. Caurpliides prognoze nepieciesama, lai noteiktu iespéjamo pazemes iidens
piesarnojumu, kuru var izraisit piesarnojuma avoti virszeme. Datora veikta piesarpojuma transporta modelésana ir ne-
pieciesama un léemuma pienemSanas sistemu caurpliides prognozei (COMBESICK). Sistemu viegli izmantot, ta ir drosa
pret iespejamam klidam salidzinajuma ar agrak lietotam caurplides modelésanas programmatiiram.

Herb P., Graeber P.-W., Kemmesies O. COMBESICK - A computer-based decision support system for seepage
prognosis.

Soil and groundwater are important natural resources. Due to increasing demand for soil and groundwater, their lim-
ited capacity, and the difficulties of remediating these resources once contaminated, their protection has become in-
creasingly important. As a result, in 1999 the German legislator introduced the so-called Bundes-Bodenschutzgesetz
(BBSchG) — a law regulating the protection and remediation of soil in Germany. According to the BBSchG a seepage
prognosis has to be conducted if contaminant concentrations in the soil exceed values specified in the BBSchG. The
purpose of the seepage prognosis is to determine potential groundwater contamination originating from surfecial con-
taminated sites. Computer-based simulation of contaminant transport in the unsaturated zone is an indispensable, cost-
effective method of conducting a seepage prognosis. We suggest a decision support system for seepage prognosis
(COMBESICK) which will be easy to use, widely available, and less error-prone than previous seepage modeling sofi-
ware.

I'epo I1., I'padep I1.-B., Kemmecuc O. COMBESICK - nporpammaTtypa AJisi 000CHOBAHHS pellieHs 10 MPOrHo3y
NMpocavYnBaHus.

Tloysa u noosemmvle 800bI AGIAIOMCA BGANCHLIMU PECYPCaAMu NPUpoobl. Dmu pecypcvl 02paHUYeHbl, UX MpYyOHO
0300posumb, eciu oHu 3azpaznensvl. Ilompebnoms 8 smux pecypcax o3pacmaem, NOIMOMY UX 3AUUMA O4eHb BAINCHA.
Omo nocyacuro momy, ymo 8 1999 200y saxonodamenvcmeo ['epmanuu 6nedpuio max Haswvisaemulii Bundes-
Bodenschutzgesetz (BBSchG) 3axon, xomopulili onpedensiem ROPsOOK 0300pOGIeHUs U 3auumsl nouewbl ¢ I epmanuu.
Coenacno smomy 3aKoHy HeoOX00UM NPOZSHO3 GEPMUKATLHOZO NPOCAYUBAHUSL NOO3EMHOU 800bl, eClU KOHYEHMpayus
3a2pA3HeHUll 8 Nouge npesviuiaem oonycmumylo eeauduny. IIpocnosz npocauuganus neobX00UM Onsi onpedeneHus
B03MOJICHO20 3A2PA3HEHUS NOO3EMHLIX 800, KOMOpOe MO2ym Gbl36amb UCMOYHUKY HA NOGEPXHOCMU 3eMIU.
Komnviomepnas npocpamma 0nsa mooenuposanus mpaHcnopma 3azpasHeHull A6as1emcs HeoOX00UMbIM U OeulegbiM
MemoOoM NPOZHO3UPOGAHUs npocadusanus. Ml npednrazaem cucmemy npUHAMUSA peuenus o NPOSHO3Y NPOCAYUBAHUS
(COMBESICK). Omy cucmemy MOJNCHO N€2KO UCHOIb308aMb, OHA 007ee HAOEeHCHA OMHOCUMETbHO BO3MOICHBIX
OWUDOK NO CPABHEHUIO C paHee NPUMEHAEMBIMU NPOSPAMMAMU 01k NPOSHO3A NPOCAYUBAHUSL.
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