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Introduction 

 

MODFLOW [1] is one of the most wide-spread models used for solving the groundwater flow equations. In 

MODFLOW, river-aquifer interaction is usually modelled using the River package. However, the River package is a 

very simplified way of modeling rivers: it makes no distinction between horizontal and vertical riverbed hydraulic 

conductivity and the riverbed cannot be subdivided into layers with different hydraulic characteristics. Another 

shortcoming of the River Package is that river bank seepage is not considered. However, research based on, e.g., 

combined groundwater flow and heat transport modeling indicates that river bank seepage could be a major 

contributor to river-aquifer exchange fluxes in gaining rivers [2]. Due to these simplifications, the River Package 

does not always model river-aquifer exchange fluxes accurately, which may possibly lead to under- or 

overestimation of these fluxes. 

 

Methodology 

 

A new approach for modeling river-aquifer interaction in MODFLOW is presented in which the river itself is 

modelled as a constant-head boundary and the riverbed is implemented as one or more separate layers. This gives 

more possibilities for the implementation of heterogeneous riverbed properties: both horizontal and vertical 

conductivity can be assigned to the riverbed and vertical discretization into layers with different hydraulic properties 

is possible. Moreover, lateral exchange fluxes through the riverbanks are simulated using the Horizontal-Flow 

Barrier Package. A schematic overview of the conceptualization of the proposed method is shown in Figure 1. 

 

 
Figure 1: Conceptualization of the new approach to model river-aquifer interaction. 

The new approach is applied on two models: (1) a modified tilted V-catchment’ model [3,4]; and (2) an existing 

groundwater model of the Aa River, a typical lowland river in the Nete Catchment, Belgium. The V-catchment 

model is often used as a benchmark for integrated hydrological models. In this study, the original V-catchment 

model has been modified to better fit the purpose of analyzing river-aquifer interaction. Secondly, the proposed 

method is applied on an existing model of the Aa River, a well-studied river with respect to river-aquifer exchange 



fluxes. Furthermore, the hydraulic properties of the riverbed and riverbank have been extensively measured and 

analyzed, and river-aquifer exchange fluxes have been estimated by heat transport modeling [2]. 

 

Results 

 

First, a comparison is made between river-aquifer exchange fluxes modeled with the River Package, and with the 

new method in which only vertical exchange is simulated, i.e. riverbank seepage is neglected. Results show that 

modeled fluxes with the two methods are similar. The relatively small difference between the two methods is related 

to a slightly different conceptualization of the exchange fluxes. In the new method, the hydraulic conductivity of the 

aquifer is incorporated in the calculation of the exchange flux. Furthermore, the calculation of the vertical hydraulic 

gradient is slightly different in the two methods.  

 

Next, the influence of river bank seepage is analyzed by using the Horizontal-Flow Barrier package. The hydraulic 

properties of the river bank are varied to analyze the contribution of lateral exchange fluxes. Results show that lateral 

exchange fluxes can be up to several times more important than vertical exchange fluxes.  

 

Conclusion 

 

A new approach for modeling river-aquifer exchange fluxes is proposed which provides the necessary tools to 

accurately incorporate riverbed heterogeneity and anisotropy. Furthermore, it incorporates the contribution of lateral 

fluxes through the riverbanks. The new method has been successfully applied on an artificial V-catchment model, 

and on a real case study of an existing gaining lowland river, the Aa River. Results show that lateral fluxes through 

the riverbanks could be major contributors to total river-aquifer exchange fluxes. The proposed method can be used 

to improve the understanding of riverbed heterogeneity and river bank seepage and their effect on river-aquifer 

exchange fluxes. 
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