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ABSTRACT 
 

The paper deals with the differences caused by the use of measured relative permeability data 

instead of those in the literature. To evaluate the input data sensitivity of results, two transport models 

were created to compare the spread of TCE (trichloroethylene) in saturated media. The model runs 

were performed both using the relative permeability data published by Grant et al. (2004), and the 

ones measured in the lab, based on the method developed by Tóth et al. (1998a, 1998b, 2002) using 

the UTCHEM code. The calculations proved the sensitivity of transport models on relative 

permeability data that highlights the need of using measured relative permeability curves to improve 

the accuracy of the models. 

 

INTRODUCTION 
 

Several methods are known for gaining information about the contamination plume of 

chlorinated hydrocarbons like geophysical measurements (Plank et al. 2011) and detected 

concentration in monitoring wells, but these methods only serve data for a given moment. 

On the other hand, transport models give prognosis about the change of pollutant 

concentrations in a period (Kool et al. 1987). Although the results of models are only 

approximations of the real case, they support the planning of the remediation process. The 

efficiency of remediation technologies depends on the geology of the aquifer, the 

geochemical properties of porous media, the chemical properties of groundwater and the 

characteristics of the pollutant (Puzder et al. 2001). In the following sections a couple of 

effective and economical technologies will be introduced like biodegradation, in situ 

chemical reduction and in situ flushing.  

Degradation of organic pollutants in case of bioremediation is intensified by increasing 

concentrations of electron acceptors and nutrients (Puzder et al. 2001) but the halogenated 

hydrocarbons do not serve as carbon source for bacteria and fungi. During remediation a 

nutrient needs to be added to the system which includes the carbon in organic bond. This 

nutrient could be methanol, methane, molasses, butane or vegetable oils. After the 

degradation of these nutrients, hydrogen is released (H2 → 2H
+
 + 2e

–
) which could be 

added to the chlorinated organic compounds by means of chlorine-respiring 

microorganisms. At the end of this progress the halogenated organics aredehalogenated. If 

sufficient quantity of the auxiliary substrate is available, the reductive dechlorination could 

proceed to the chlorine-free final products (ethylene and ethane) that could easily be 

degradated to CO2 in aerobe conditions (Anton, 2010). The dehalogenization efficiency is 

influenced by the chemical characteristics of the aquifer because in presence of alternative 

electron acceptors (for example nitrate), transformation is limited. In case of volatile 

chlorinated organic compounds the degradability of these compounds in aerobe and 

anaerobe conditions is different. For example the 1,1 DCA is non degradable in aerobe 

conditions (Van Agteren et al. 1998), but in anaerobe conditions it is degradable (Ferris et 

al. 2006, Best, 1999, Grostern & Edwards, 2006). The 1,2 DCA is degradable both in  
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aerobe (Dyer et al. 2000, De Wildeman et al. 2002, Grostern & Edwards, 2009) and 

anaerobe (Michiels & Breugelmans, 1994, Davis et al. 2009) conditions. The chlorinated 

ethenes are more degradable in aerobe conditions than in anaerobe ones and the efficiency 

of anaerobe degradation depends on significant presence of other DNAPLs like TCE and 

PCE. 

The most effective chemical reduction technology is the PRB (permeable reactive 

barrier) with zero valent iron (ZVI). In the barriers the chlorinated hydrocarbons like TCE 

are reduced in the process which is called beta-elimination. During this process two 

electrons are added to TCE which loses chlorine and transforms to cis-1,2-DCE. The 

chlorinated hydrocarbons lose the chlorines step by step while at the end of process the 

neutral etheneis formed (Lai et al. 2006). This method is effective in the center of 

contamination to reduce the concentration of the pollutant. 

In-situ flushing is also an effective technology for the remediation of chlorinated 

hydrocarbons, but it needs contaminant specific planning, because acidic or alkaline 

solution or surfactants are injected into the contaminated layer. The solution mobilizes the 

contamination which is pumped and treated on the surface (Puzder et al. 2001). 

 
MATERIALS AND METHODS 

 

In the laboratory of Research Institute of Applied Earth Science at the University of 

Miskolc a measuring and calculation methodology was developed to investigate and 

describe the process of transient radial water displacement in core samples (Tóth et al. 

1998a, 1998b, 2002, 2005). The calculation of relative permeability curves are derived 

from labor measurements performed using a simple apparatus (Figure 1) that could be 

utilized in the UTCHEM transport module instead of applying data from the literature.  

To investigate the model performance two parallel models were built, one using relative 

permeability curves from the literature (Grant et al. 2004) and the other one with 

parameters from the above mentioned labor measurements (Table 1). 

 

 
Figure 1.Schematic drawing of apparatus for measurement of radial water displacement 

The models were created in UTCHEM with the following parameters: 

 initial hydraulic head: 6 m, 

 hydraulic conductivity: kaq = 0.00001 m/s, 

 anisotropy: 1.2, 
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 flow direction: from the left side to right, hydraulic gradient 0.001, 

 porosity: naq = 0.3. 

 

Table 1 

Parameters of relative permeability curves 

Origin of data for 

UTCHEM  

Aqueous phase TCE phase 

Residual 

saturation 
Kr endpoint 

Residual 

saturation 
Kr endpoint 

Literature 0.24 0.17 0.15 0.45 

Measurement 0.1 0.4 0.2 0.65 

 

The created mesh consisted of 32 rows and 120 columns (Figure 2). After the 

simulation the transit time of contamination to the aquiclude, the peak concentration of the 

plume and the extension of plume were investigated. The results of the two transport 

models are presented in Table 2. 
 

 

Figure 2. Mesh of UTCHEM transport model and observation points 

 

Table 2 

Results of models based on different relative permeability curves 

  

Transit time to 

aquiclude 

(d) 

Highest observed 

concentration  

(µg/l) 

Length of 

plume  

(m) 

Relative permeability curve 

in the literature 
15 582 25.5 

Relative permeability curve 

from measurements 
20 663 24.5 

 

After that a remediation process was simulated. A pumped, fully screened well of 

0.11 m was installed at 27.5 m distance from the source of contamination with 100 m
3
/d 

discharge. In order to compare the two model runs, observation points were defined in the  
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model (Figure 2). The TCE concentration was investigated in these points after 60, 120, 

180, 240, 300 and 360 days.  
 

RESULTS 
 

The spread of contamination is quicker, the highest observed concentration is lower, 

and the longitudinal extension of plume is higher in the model which is based on the data 

from the literature (henceforth Case 1) than in the model which is based on the measured 

data (henceforth Case 2). The difference between the extensions of plumes is 1 m  

(Figure 3). 

The concentration changes in time are shown in Figure 4 and in Figure 5. At the first 

observation point beneath the source of contamination, the concentration of pollutant is 

higher in Case 2 than in Case 1 at the start of remediation modeling, and stays higher until 

the end of the simulated 360 day-long period. Significant difference is only experienced in 

case of initial concentrations (Figure 4). 

The differences between concentrations are more relevant at the fifth observation point 

than at the first one. At the start of remediation, contamination was not yet detected at this 

point because of the slow transport of pollutants, but after 60 days contamination appeared. 

The calculated concentrations of the two models differ significantly at the beginning of the 

process (after 60 and 120 days) but later they start to decrease. At the end of the simulation 

period (after 360 days) the concentration in Case 1 is almost the double of the concentration 

in Case 2 (Figure 5). 
 

CONCLUSIONS 
 

In this paper the sensitivity of transport modeling based on data of relative permeability 

curves was investigated. The transport models are integrant elements in the planning 

process of remediation, so the confidence of these models is a relevant aspect. In the 

application of the measuring method developed by J. Tóth and his colleagues, the accuracy 

of transport modeling of chlorinated hydrocarbons and also the modeling of the remediation 

progress could be improved. 

 

Figure 3. Spread of contamination using data of relative permeability curve, from literature 

(above) and from measurements (below) 

http://www.cab.u-szeged.hu/cgi-bin/szotarE?search_term=henceforth&max_hits=100&mode=4&diction=E
http://www.cab.u-szeged.hu/cgi-bin/szotarE?search_term=henceforth&max_hits=100&mode=4&diction=E
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Figure 4. Concentration of TCE at the 1st observation point 

 

Figure 5. Concentration of TCE at the 5th observation point 

 

A significant difference was experienced between the results of modeled scenarios 

based on data from the literature and those from the measurements. The simulation isomer 

accurate in case of applying the data from the measurements than from the literature but the 

data of more measurements could further increase the accuracy of models. The most correct 

model could be built on the data of field experiments. Putatively, the observed 

concentrations are pollutant-specific and they also depend on the velocity of 

dehalogenization.  
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