4

: C=p
&%
i i‘; p
‘ Geozs m A 10th International
Geoloski zavod nri1 Workshop on Advanced
Slovenije | : ;i " : | :
IELARV] v Ground Penetrating

Radar

Using GPR on a problematic agricultural field for
groundwater protection in a karst environment

Marjana Zajc & Janko Urbanc, Geological Survey of Slovenia

- REPUBLIC OF SLOVENIA VITRUM

CabGOEAN BECIGHAL. @ MINISTRY OF EDUCATION
EEEEEEEEEEEEEEEE 4
. RS HINESTRY OF B LASER,




Introduction

; Poznan
=} Be‘t;h n ) =
A stgrdam Hanover i
] (=]

Problematic agricultural field Fokker Temminal Oye.

oWolfsburg
=]
Brunswick cMagdeburg

therlands

K . f _ o ¥, Dortmund Leipzig Wroctaw
arst aquirer ey 4 Dee e\ |-
q Brussels Germany . £ LEAE S
ol Veiie A
Groundwater vulnerability | Belgium ¥, P
} {0 J Czechia
G P R Su rvey i 'I:.Tf_-'mh?’mg Nuremberg \ Brno
-.-"’_\H's o \_\\.\ [s]
G P R It Paris \h\""x £ NN
results : v 3 ;
. </ Vienna',
H Augsburgh 2 ,
Borehole televiewer data e S
S'ai%:urg o \ -
. A ’ 4 Austria -'
Conclusions N R -
P Iiikg_cht‘enstein
France /5 Switzerland R B
Genevagr’ \ﬂ ,f { ) XS
Clermont-Ferrand L):-?n ;‘;___,__/—\._ 74 b’
\‘: Milan Verona




Problematic agricultural field

* Situated in a karst area

* No problems on
neighbouring fields (yellow)
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Problematic agricultural field

Situated in a karst area

No problems on
neighbouring fields (yellow)

Patchy and poor growth
despite additional irrigation
and fertilization (red)
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Karst aquifer

* Classical karst aquifer:
o important transboundary aquifer
o vital source of drinking water for Slovenia and Italy
o specific hydrogeological conditions
- complex and heterogenous area
== high groundwater vulnerability

o remains inadequately protected (Turpaud et al., 2018)
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Turpaud, P. et al. 2018. Development of a protocol for the karst water source protection zoning. Application to the
Classical Karst Region (NE Italy and SW Slovenia), Water Resources Management, vol. 32, 2018, pp. 1953-1968
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Karst aquifer + agricultural field + pollutants

* Thin soil cover

* Karst features

irrigation _
fertilization * Perculating water

Infiltration
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Higher groundwater pollution risk!
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GPR survey

* 22 GPR profiles across the entire field

* Mala ProEx recording unit,
* Parallel profiles 1 m apart
* Wheel aquisition mode 0.02 m

* Top soil thickness calibration:

* Processing in ReflexW Sandmeier

250MHz, 500 MHz antennas
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GPR results

only 17 to 32 cm!
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GPR results

Profile 16

DISTANCE [m)

DEPTH [m] atv = 0.1 [m/ns]

T

b e

o

brrd e T A,
1 A ..r@.h..a__a..ﬂu
i anCES

Fl

Y e gl

i T

n. wu.ﬁ.. : H.n..._ s
P <)

ol
e N
o

[su] 3L

o

ol

DISTANCE [m]

1

o ~—

DEPTH [m] at v = 0.1 [m/ns]

R

M

=
L

L3

s Sk
N
- _.ﬁﬂ.r,.mﬂ

e

T R L
Sa1 TICEAYRRRL) ot
m-.}.. “a..h. e .Mf-ﬂﬁm .
aifhes i P
SRR A s

] ._. -..._H w -n_M:.mw.w_..arru_erpf .u.n..nu..._. £ b _fm\a i

(=] (=] o

o =
[su] 3L

* Top soil depth (green line), south-dipping (black lines) and north-dipping (orange lines)
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Borehole televiewer (OBl — optical borehole imager)

* Produces a continuous image of the borehole wall in 360°

* Unwrapped image shows sine wave patterns of dipping discontinuities
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Comparison of GPR and borehole televiewer results
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Borehole televiewer results

* Schmidt plot of discontinuities in borehole (196 m deep)
with average azimuths and dips

~ 55/75
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Conclusions

500 MHz - top soil thickness more accurate (32 cm to 17 cm)
250 MHz - discontinuities more pronounced (different sets)
Both antennas == presence of karst cavities

Reduced crop growth = thin soil cover + Kkarstified limestone
GPR results confirmed with borehole logs

Additional irrigation and fertilization would increase groundwater pollution risk

-> owner will no longer use this land for agricultural activity

GPR useful for more accurate groundwater vulnerability and risk assessments
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Thank you for your attention.

marjana.zajc@geo-zs.si
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