
Fig. 2A. Axisymmetrical flow model with radi-
ally finite, 3D geometry, applied to each of the 
conceptual models.

Fig. 2B. Conceptual models used in the axisym-
metric flow calculations. Vertical dimensions (in 
metres) refer to model coordinates.

CONCLUSION
The field constant head infiltration The field constant head infiltration 
test applied in the present study has 
proven to perform successfully espe-
cially for clayey gravel and highly-
carbonated layers. Field-scale hydrau-
lic parameters obtained at different 
locations were con-
sistent, with little special variability. 
The use of a field infiltrometer set-up 
in which a relatively large volume of 
soil is affected by the constant head 
infiltration process average out the ef-
fects of special variability.
The hydraulic parameters determined 
here can be readily used for a large 
scale calculation of flow patterns in 
variably-saturated media in the mod-
elling of radionuclide migration in the 
region of Kozloduy NPP.

RESULTS
Initial optimization with three parameters, Initial optimization with three parameters, α, Ks and 
n, showed high correlation between α and Ks, and a 
high standard error coefficient for n indicative of 
non-uniqueness of the solution. Therefore, the pa-
rameter n was excluded from being optimized. The 
automatic parameter optimization routine provided 
in HYDRUS (2D/3D) was invoked to further opti-
mize the parameters α and Ks (Fig. 3A, B).
The parameter n is kept constant at its initial value 
of 2 (obtained from initial trial runs). The results 
from parameter optimization for each of the mod-
elled infiltrometers F-1b, F-1a, F-2, and F-3 are 
shown on Table 1. Overall good fits
were obtained with hydraulic parameters representa-
tive for several m3 of soil.
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Fig. 1A. Cross-sectional profile of Marichin Valog site 
with approximate location of test sites indicated.

Fig. 1B. Observation borehole T1 for water content 
measurements using TRIME probe, and infiltrometers 
F-1a and F-1b. Elevations in m above sea level.

Fig. 1C. Time-domain reflectometry apparatus TRIME 
(T3-44) for volumetric soil moisture measurements.

METHODOLOGY
By means of an inverse optimization routine implemented in the finite eleBy means of an inverse optimization routine implemented in the finite ele-
ment code HYDRUS (2D/3D), field-scale soil hydraulic parameters θs, α, 
Κs and n were derived for particular layers. The inverse optimization is 
based on simulating the expected soil water redistribution history while 
adjusting the soil hydraulic parameters until the best possible agreement is 
obtained between measured and calculated cumulative infiltration and soil 
moisture profile. An axisymmetric model was developed in HYDRUS 
(2D/3D) for each of the four infiltrometers ((2D/3D) for each of the four infiltrometers (Fig. 2A). The vertical dimen-
sion of the model was limited to the soil layers that would be immediately 
influenced by the infiltrating water (Fig. 2B). 

INTRODUCTION
The characterization and numerical modeling of the unsaturated zone is among the key factors in the prognostic fate and transport studies of the contaminants migration in the environment.The characterization and numerical modeling of the unsaturated zone is among the key factors in the prognostic fate and transport studies of the contaminants migration in the environment. The study deals with the use 
of the HYDRUS (2D/3D) code for determination of hydraulic parameters of the 10-m deep vadose zone from borehole infiltration tests by inverse modeling. The investigated soil profile is located in the Pleistocene 
loess complex (Fig. 1A) near the town of Kozloduy, Northern Bulgaria, in the vicinity of the Kozloduy Nuclear Power Plant (NPP). Constant-head infiltration tests were carried out for determining field-scale soil hy-
draulic properties.  Infiltration tests provided data on cumulative infiltration and progression of the wetting front in the initially unsaturated sediments surrounding the infiltrometers.draulic properties.  Infiltration tests provided data on cumulative infiltration and progression of the wetting front in the initially unsaturated sediments surrounding the infiltrometers. A cylindrical time-domain reflecto-
metry TRIME-IPH/T3 probe operated by the TRIME-HD device was used to measure water content variations with time during the progression of the wetting front. Special polycarbonate access tubes for the TRIME 
probe were installed at 0.3 to 0.5 m from the infiltrometers (Fig. 1B, 1C).
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Table 1. Parameter values 
from inverse optimization 
using HYDRUS(2D/3D)

Fig. 3A. Best fit simulation for the measured 
cumulative infiltration (F-3).

Fig. 3B. Calculated soil water content after 
0.1 day of constant head infiltration (F-3).
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