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Water flow through the variably-saturated (vadose) zone is an important part of the hydrolog-
ic cycle. However, regional-scale groundwater models often simplify or ignore vadose zone 
flow processes. To overcome this problem, we are developing a new one-dimensional unsa-
turated flow package for the three-dimensional ground water model MODFLOW, one of the 
most widely used groundwater flow models. 

 
Water flow through the variably-saturated 
zone is an important part of the hydrologic 
cycle because it influences partitioning of 
water among various flow components. De-
pending upon hydrological, geological and 
soil characteristics, rain and snowmelt is 
partitioned at the land surface into runoff, 
infiltration, evapotranspiration, groundwater 
recharge, and vadose zone storage. Water 
flow in the vadose zone especially affects 
the transfer rates between the land surface 
and the groundwater table, which are two 
key hydrological boundaries. Evaluation of 
almost any hydrological process therefore 
requires that water flow through the vadose 
zone is appropriately taken into account. 
However, modeling of vadose zone flow 
processes is a complex and computationally 
demanding task that is often handicapped 
by the lack of data necessary to character-
ize the hydraulic properties of the subsur-
face environment. Consequently, vadose 
zone flow processes have rarely been prop-
erly represented in hydrological models. For 
example, regional-scale groundwater mod-
els often simplify vadose zone flow 
processes by calculating groundwater re-
charge externally without proper considera-
tion of changes in groundwater levels. To 
overcome this frequent simplification, there 
is an urgent need for methods that can ef-
fectively simulate water flow through the 
vadose zone in large scale hydrological 

models. This issue is especially important 
for groundwater models.   

To overcome this problem, we are develop-
ing a one-dimensional unsaturated flow 
package for the three-dimensional modular 
finite-difference ground water model MOD-
FLOW-2000. MODFLOW was developed by 
the U.S. Geological Survey and is one of 
the most widely used groundwater flow 
models. The HYDRUS Package uses the 
computer program HYDRUS to simulate 
water movement in variably-saturated por-
ous media by numerically solving the Ri-
chards equation. The HYDRUS package 
considers the effects of infiltration, soil mois-
ture storage, evaporation, plant water up-
take, precipitation, runoff, and water accu-
mulation at the ground surface. Being fully 
incorporated into the MODFLOW program, 
the HYDRUS package provides MODFLOW 
with recharge fluxes at the water table, 
while MODFLOW provides HYDRUS with 
the position of the groundwater table that is 
used as the bottom boundary condition in 
the package. The HYDRUS package pro-
vides an optimal trade-off between compu-
tational effort and accuracy of model simula-
tions for coupled vadose zone – groundwa-
ter problems. Being based on two widely 
used models for simulating vadose zone 
flow (HYDRUS) and ground water flow 
(MODFLOW), the coupled software pack-
age has a tremendous potential to become 



widely used in both research and manage-
ment, and to redefine entirely how the com-
plex subsurface flow problems are eva-
luated. 

Expected Results:  

There is a wide range of potential applica-
tions to which the coupled model (the HY-
DRUS package for MODFLOW) can be ap-
plied. These may include, for example: 

• Assessing the threat to water resources 
from pollution  

• Assessing the implications of various cli-
mate change forecasts on local water 
supply 

• Evaluating various pollution control 
measures 

• Evaluating the disposal of treated water 
and its impact on ground water resources 

• Evaluating the potential for water storage 
augmentation by landscape modification   

• Evaluating the potential for various aug-
mentations of the water supply 

• Evaluating the water needs of ecosys-
tems proposed for protection 

• Analyzing existing water supply and de-
mand information to construct a water 
balance for the catchment or region 

• Evaluating the potential for various reduc-
tions in water use by conservation 

• Evaluating the potential for water reuse 

It is indeed impossible to predict at present 
all potential applications to which the 
coupled model can be used and all benefits 
that can follow from its use. When we first 
released HYDRUS models about a decade 
ago, we could hardly imagine the wide 
spread of these models and the diversity of 
applications. It can be expected, partly be-
cause both original models are widely used 
and represent a state-of-the-art in their re-
spective fields, that the coupled model will 
be similarly quickly adopted by the public if 
the four tasks listed above are carried out. 
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