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to varying extents by civilization interfer-
ence, the results of CMD screening were
not sufficiently demonstrable, and — based
on the principle of this method they could
not be representative.

In general, it can be stated that better
readable results of the CMD screening
(but also the other GPH works) were
achieved at most sites (objects) in case
of their processing in the form of maps of
the measured component. Measurement
outputs presented in the form of individual
profiles had a slightly lower level of
information.

2.3.2 Multicabel

The multicable (ERT) method is used
for geoelectric research along marked and
surveyed GPH profiles. The presentation
of results in the form of inverse resistance
models and  geophysical-geologically
interpreted sections is currently the
standard for detailed work in the explored
areas (Fig. 2.9).

Fig. 2.8 CMD screening results — locality 108 Zlaté Klasy (apparent resistivity One of the basic problems of all

[ohm.m] for effective depth range 4.2 m; CMD measurement paths) (compiled by  geoelectric methods is the ambiguity of
Company Sensor, spol. s.r.o. Bratislava, modified by Gluch & Zeman, 2019)

Fig. 2.9 Multicable measurement results —locality 51 Medzibrodie nad Oravou. Legend.: 1: surface layer, eluvial-deluvial sediments; 2a:
anthropogenic fill, prevalence of municipal waste; 2b: anthropogenic fill, predominance of coarse-grained component; 3: predominance
of claystone; 4. limestone, or sandstone, siltstone; 5: failure zone/tectonics (compiled by Company BHF Environmental, spol. s.r.o.
Bratislava, modified by Gluch & Zeman, 2019)
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interpretation of measurement results. In general, the so-
called principle of equivalence, but also anisotropy of the
geological environment are significant, so the computer-
generated model is the only one possible solution. The
refinement of the geophysical-geological interpretation
can be achieved by supplementary data obtained e.g. from
logging results in available supporting boreholes.

In spite of the above, the results obtained from the
ERT measurements sufficiently illustrate the suitability
and justification of their use — detailed and relevant
information on the geometry and stratigraphy of rocks and
deposits on the premises of objects/locations up to the first
tens of meters depth. However, the multicable has found

application e.g. even with the unexpected detection of
unknown subsurface spaces (Gluch in Kordik & Slaninka
etal., 2015).

2.3.3 Georadar

The georadar uses a different principle compared to a
multi-cable, but the measurement outputs in a similar way
— but with a significantly higher resolution (depending on
the antenna transmitting/receiving frequency) — indicate
interfaces with different conductivity and permittivity
(Fig. 2.10).

The advantages of georadar are simplicity and speed
of measurement, high resolution and relatively simple
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interpretation. The limiting factors are in particular: the
transmitted frequency, determining the resolution of
details, specific conductivity of geological environment,
but also water content, density of rocks and deposits, etc. A
necessary assumption is a sufficiently different permittivity,
or specific conductivity of individual lithotypes, but also a
reasonably large reflective surface of explored structures.

Despite the fact that the georadar was used only at 5
sites/objects, it confirmed its justification. Combination
with another suitable GPH method, e.g. using the multi-
cable method (if allowed by environmental parameters and
measurement conditions) and ideally with logging results
on the supporting boreholes is the optimum utilisation of
the georadar.

Fig. 2.12 Charged-
body method mea-
surement  results
— locality 168 Ziar
nad Hronom (com-
piled by Compa-
ny Sensor, spol.
S.7:0. Bratislava,
modified Gluch &
Zeman, 2019)

2.3.4 Spontaneous polarization method

The SP method could be used only at 25 localities/
objects in a total of 8,770 measured points. This method
measures the potential difference between two points on
the profile, or within the exploration area, generated by
various local electrochemical fields. The advantage of the
SP method is its simplicity and speed of measurement.
The limiting factor is the presence of various disturbances
caused mainly by civilization factors. The possibilities
of its use in urbanized areas on a larger scale are thus
significantly limited. The negative SP values indicate the
areas of possible ground/landfill contamination. From the
results of measurementsitis possible to determine the spatial
extent and to some extent also the level of contamination

=——=—— direction of groundwater flow
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of the environment around the environmental burden
(Fig. 2.11). Under specific conditions, it is also possible to
determine the direction of groundwater flow from the SP
measurements.

Despite the fact that the SP method could only be used
on a relatively small number of sites, its merits and benefits
are undeniable.

2.3.5 Charged-body method

Due to the very specific conditions of the possibility of
realization of the CBM (HG variant) method, it could be
used basically only in 7 localities. From the results of time-
consuming measurements it was possible to determine the
direction and speed of the groundwater flow. The limiting
factors are mainly: relatively low effective depth reach,
impossibility to use the CBM method in a rock environment
with high conductivity, depth of the groundwater level
(decimetres up to the first meter) and last but not least the
longevity of measurements in the order of tens of days,
depending upon the groundwater flow rate. When selecting
suitable objects (boreholes, wells), the CBM measurement
results provide reliable data (Fig. 2.12).

The results of the measurements of the charged body
method at the site (Fig. 2.12) confirmed the propagation
of the electric field in the geological environment, and
this field was deformed. The deformation was caused by
the spread of contaminated groundwater in the direction
shown by the arrow.

2.3.6 Logging

The geophysical measurements in a borehole (logging)
are probably the most extensive set of methods and
methodologies, the results of which give detailed and
relevant information about the physical properties of the
geological environment along the well axis. The limiting
factors of logging work are mainly too low depth of the
well, steel casing of the borehole (to some extent also
PVC), deep groundwater table level or dry well, etc. One
of the limitations in the implementation of this project was
the fact that a significant number of boreholes were drilled
only during the first half of 2015, but the logging (part of the
GPH works) was contractually concluded in early January
2015. The logging outputs allowed to separate lithological
boundaries of rocks caught by borehole, hydrogeological
aquifers and aquitards, places of inflows and losses in the
borehole, hydraulic conductivity values, temperature and
specific resistance of drilling mud, etc. (Fig. 2.13).

2.3.7 Radiometric methods

The radiometric methods — gamma spectrometry (SG)
and radon survey (RVA) — were used at all 161 sites in
a number of 10 points SG and RVA in the vicinity, but
also directly in the EB object. Results of the radiometric
determination of concentrations of natural radionuclides
“in situ” by measurements of SG, or the radon volume
activity in the soil air indicate their very good mapping

RESULTS OF LOGGING OBJECT: VN 18-3 (Neslusa)
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Fig. 2.13 Logging results — location 18 Neslusa. Legend — 1: water level; 2: vertical movement of water; 3: filtration of water over time;
4: permeable rocks, collectors; 5: rock interface; GK: gamma logging [cps]; TM: thermometry [°C]; RM: resistivimetry [ohm.m];
W: vertical rate [m.s"']; Va: hydraulic conductivity coefficient [m.s'] (compiled by Company KORAL, spol. s.r.o. Spisska Nova Ves,

modified by Gluch & Zeman, 2019)
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capability, which was also confirmed by the results of
measurements at several locations/objects. Significantly
increased levels of equivalent uranium (eU = 9.0 — 12.3
ppm), which correspond to increased (eU > 4.0 ppm) to
high (eU > 10.0 ppm) natural radioactivity of the rock
environment, were identified, e.g. in clay and loess clays
at 21 Nové Mesto nad Vahom — KO MneSice — Tuskova
landfill (Gluch in Kordik & Slaninka et al., 2015; Fig.
2.14).

=100 )0

Fig. 2.14 Radiometric survey results — locality 21 Nové Mesto nad

2.3.8 Atmogeochemistry

The atmogeochemical measurements were not part of
the design work and were not carried out experimentally
until the second half of 2015 at several selected locations.
The advantage of atmogeochemistry is the rapid and
sufficiently accurate determination of the detected gas
concentrations (depending on the equipment of the
detectors) in the landfill air. The limiting factors are mainly

Point K eU eTh eUt Da OAR
(%] [ppm] [ppm] [ur] nGy.h™] [kBa.m’]

1Z 1.1 12.1 8.6 19.3 104.6 12
2z 0.9 11.4 7.8 17.8 96.6 12
3z 14 10.8 6.9 17.4 93.8 15
4z 15 12.3 7.6 20.2 109.0 16
5Z 1.1 11.7 4.5 17.0 92.4 14
6R 0.8 10.0 12 12.8 70.5 11
7R 0.9 9.7 1.9 13.2 72.0 15
8R 1.0 10.2 1.6 13.8 75.4 11
9R 0.9 9.4 1.0 12.5 68.4 11
10R 0.9 9.0 1.3 12.1 66.1 7

Limits 22.0 24.0 212.0 217.0 280.0 220

LEGEND:

1 o1z

Conceptual model:
2l s 4

Vahom. 1: measurement point SG and RVA; 2: source zone (Z);

3: indication zone; 4: reference zone (R) (compiled by Company BHF Environmental, spol. s.r.o. Bratislava, modified by Gluch &

Zeman, 2019)

Source zone represents the source(s) of the pollution,
in this case environmental burden; indicative zone denotes
the area where the pollution occurs/could occur from the
EB; the reference zone delineates the territory not affected
by the EB (natural conditions).

High concentrations of soil radon were found e.g. in
the area of the EB 117 Slia¢ (Kordik & Slaninka et al.,
2015). All 10 points, measured in both the reference and
source areas (RVA = 30 — 208 kBq.m™), are bound to the
failure zone, overlain by polymictic coarse and medium-
grained, sand-covered gravel. Pursuant to Annex no.
6 of the Decree of the Ministry of Health of the Slovak
Republic no. 528/2007, which lays down the details of
the requirements for limiting the exposure from natural
radiation, the object falls under high radon risk.

An overview of field geophysical measurements
carried out in the course of the project is shown in Tab. 2.2.

Tab. 2.2: Overview of realized geophysical field measurements

the thickness of the overburden, the high groundwater
level and the use of sealing foils for landfill reclamation.
The Dréager X-am 7000 measuring unit (of the Company
Dragerwerk AG & Co. KGaA) was used for measurements,
equipped with detectors for the determination of CH,,
CO, and O, content [vol. %], which was connected to the
sampling probe (Fe-pipe, ¢ = 12 mm, length approx. 1 m)
via silicone tubing through a washer (to prevent water from
entering the instrument). The landfill air was continuously
pumped by an integrated pump from a depth of 70 — 80 cm
and subsequently “in situ” analyzed by the evaluation unit.
The measured or the support points on the profiles/
routes were geodetically levelled by the professional GPS
receiver Trimble Geo 7X (Trimble Navigation Limited,
USA); the levelling accuracy reached about 10 cm in the
X and Y directions, up to 25 cm in the Z axis. The assay
results were then processed and visualized in the SURFER

0 z T g
fosin PE | 5% | Bz | 52 | g2 | 21| &=
Bratislava and Trnava 222,683 1,775 29,909 320 320
Banska Bystrica 231,954 1,768 25,673 350 350 285.3
Kosice and Presov 180,709 2,176 29,043 400 400 211.2
Nitra 200,121 1,520 23,415 270 270 3109
Trenc¢in and Zilina 252,249 1,531 23,353 290 290 292.8
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software application environment (GoldenSoftware Inc,
USA,; Fig. 2.15).

present, the environmental burdens and information on their
location and potential risks are recorded in the Information
System of Environmental Burdens
(ISEZ), which is part of the public
administration information system.

The output of the geological
task, the geophysical part of which
is the subject of this article, is a set
of geological-geophysical data and
information used in the creation
and implementation of an optimal
monitoring system of the selected
environmental burdens in the Slovak
Republic.

The use of the applied geophysics
methods has been limited in many
cases by civilization influences to
various extents, but in most cases
the structure of the GPH exploration
works has been operatively modified
so that the requirements, objectives
and goals of the project were met as
far as possible.

Based on the analysis of the
described GPH works, including
a critical assessment of possible
adverse impacts on these activities,
it can be concluded that the project-

B designed and realized complex of
:9 _ :- the GPH measurements proved
= SN WA OO N ®©O© = oS s NN . R R
Coooooo0o0Q2PRYAONON®OO R to be suitable, rationally designed
O O O OO o o o o o o o
and to some extent also generally
Fig. 2.15 Atmogeochemistry results — location 144 Spisska Beld (O, concentration [vol. %])

(compiled by Gluch & Zeman, 2019)

At the locality 144 SpiSska Bela the atmogeochemistry
was realized at a distance of about 120 m southeast
of the old reclaimed landfill in a regular network of
measured points (10 x 10 m). The results of the “in-situ”
determination of oxygen concentrations in landfill air are
documented in Fig. 15.2.

The measurements confirmed good detection capabil-
ities of the measuring apparatus for the above mentioned
(landfill) gases. Based on the acquired knowledge, it was
recommended in the future to purchase a Smart PID sensor,
which would enable to significantly increase the usability
of “in situ” atmospheric chemistry determinations, e.g. in
areas of various chemical plants and treatment plants, fuel
storage and handling, etc.

2.4 Conclusions

The environmental burden is defined in terms of the
Geological Act (Act 569/2007 Coll.) as contamination
of the area caused by human activity, which represents
a serious risk to human health or the rock environment,
groundwater and soil. The solution of the issue of
environmental burdens came to the attention especially in
the early 1990s in connection with their elimination in the
territories abandoned by the former Soviet Army troops. At

applicable in monitoring (not only)
of the old EBs.

In similarly structured explorato-
ry projects we recommend for the future:

e in the methodology of the GPH survey to use
so-called complex profiles on which all project-
specified GPH methods and methodologies would
be implemented, including the use of the logging
results from suitably situated supporting boreholes;
to include the atmospheric chemistry in a standard
set of monitoring works (at least on the complex
profiles);
in justified cases, to include works the profile and/or
area magnetometry in the range of the GPH (at least
on complex profiles);
to increase the share of multi-cable (ERT) and/or
georadar (GPR) measurements in the EBs;
to make more extensive use of radiometric
measurements (SG and RVA).
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