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Introduction Method

Agriculture is a major source of groundwater pollution in Slovenia (MOP, 2015), GPR is a geophysical method based on the principles of electromagnetic waves

therefore groundwater vulnerability assessment Is important for a sustainable
food production. Two main parameters used for this assessment are the
thickness of the top solil and the depth to the groundwater table (Ravbar, 2007).

emitted from the transmitting antenna into the subsurface and reflected from the
boundaries between rock and sediment layers and other objects with different
electromagnetic properties. Due to its efficiency and non-destructive nature, the
use of the GPR method has been increasing rapidly in geological studies, e.g. In

Both are determined either with diiferent devices (piezometers, wells, the analysis of faults and fractures, in the detection of karstic structures and
boreholes) or by excavations, however these only give information on specific cavities, in the mapping of sediments as well as in the watertable depth
points Iin the field. Due to the heterogeneity of the hydrogeological conditions In determination (Blindow et al., 2007). It enables easy and rapid data collection,
the environment, especially in karst areas (Ravbar, 2007), they do not represent while the results provide subsurface information also in areas where no outcrops or
the overall situation. Consequently, the vulnerability assessment can be either boreholes are present (Neal, 2004). Lower antenna frequencies allow for greater
over- or underestimated. By using the ground penetrating radar (GPR) method, penetration depths while higher antenna frequencies provide results with higher

we can Investigate the subsurface in a non-invasive way and track both sol
thickness as well as water table depth in a continuous way across the fielc
(Kirsch, 2009). By conducting a comprehensive study of selected agricultura
areas In Western Slovenia we can contribute to a more precise assessment of o
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groundwater vulnerability and a more sustainable food production. S

The project was selected for funding by the Ministry of Education, Science and -,
Sport within the public call for the Promotion of researchers at the beginning of
their career 2.0. The project is a collaboration between the Geological Survey of
Slovenia and the Vitrum Laser company.
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Figure 1: GPR equipment used. Left — 250, 500 and 800 MHz antennas; Right — GPR cart with 250 MHz antenna, operating unit and monitor.

resolution (Jol, 2009). For the research conducted within this project, GPR
equipment from Mala with three different antenna frequencies are being used,
namely 250, 500 and 800 MHz (Fig. 1).

Preliminary results

In order to test the GPR method, measurements were carried out in agricultural areas where different
horizons have been previously defined by excavations and soil profiling in the Goriska Brda region

Table 1: Characteristics of the soil profile in the BRDA 6 area (after Glavan, 2011) and corresponding horizon labels in the GPR profile.

(Glavan, 2011) Figure 2 ShOWS the reSUItS of a par’[ of the GPR pI‘Ofile BRDA 6, recorded W|th two Depth Horizon | Lower boundary Lower boundary GPR
different antennas (250 and 500 MHz) between two rows of a vineyard (Fig. 3). The soil profile of this form distinctness horizon
area Is described in Table 1. The GPR results correlate well with the soil profile characteristics. All three
horizons can be seen in profiles recorded with both the 250 MHz and the 500 MHz antenna, with the 0-23cm |Ap Smooth Clear (2 — 6 cm wide) |
latter prov_ldmg a much higher resolution image of the subsurface._ In ac!dltlon_, GPR resqlts alsc_) shc_)w a 53 —ct cm | A Smooth Gradual (5— 15 cm wide) |1
fourth horizon below the depth of 1 m, which was not reached with soil profile excavations. Significant
changes Iin the thickness of the horizons Il and Il can be observed along the profile, indicating a > +cm CA / / I
heterogeneous setting with laterally changing hydrogeological conditions.
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Figure 2: Part of the GPR profile BRDA 6 measured with two antenna frequencies (left - 250 MHZ; right — 500 MHz). In both cases three horizons (I — violet, 1l — blue and Ill — green) are marked.
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Figure 3: Location of GPR profile BRDA 6.

As the GPR results can be highly dependent on the soil moisture content, the same profiles were also recorded in a dry season and after a rain event. Figure 4 shows a
comparison of profile BRDA 8 recorded with the 250 MHz antenna in dry (left) and wet conditions (right) between two rows in a vineyard (Fig. 5). Zones with higher
attenuation of GPR signals (red frames) are more pronounced in the wet conditions, which could indicate that these are areas with higher clay content and therefore have a
better ability of retaining water in comparison to more coarse-grained solils with faster water drainage. Consequently, such areas do not require as much irrigation and

fertilisation as other parts of agricultural fields.
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Figure 4: Part of the GPR profile BRDA 8 recorded in dry (left) and wet (right) conditions. Red frames indicate areas with high signal attenuation.

Figure 5: Location of GPR profile BRDA 8.

Discussion and conclusions

Based on GPR results obtained in the Goriska Brda region (W Slovenia) it is evident that heterogeneous settings allow for hydrogeological conditions in agricultural fields to
change rapidly. Point information about the subsurface characteristics (e.g. from soll profiling, boreholes and piezometers) is therefore insufficient for a detailed groundwater
vulnerability assessment. GPR results can provide continuous information about the changing thickness of different horizons within agricultural fields as well as additional
Information about the lateral changes in soll types and moisture content. By conducting a comprehensive study of selected agricultural areas we can contribute to a more

precise assessment of groundwater vulnerability and a more sustainable food production.
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