About search for sources of drinking water on Zmeinyy island
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(Dnipropetrovsk Geophysical Expedition “Dniprogeofizika™)

Introduction

Zmiyinyy island is located 40 km east of the mouth of the
Danube River and is an important part of the maritime
economic zone of Ukraine. In plan, Zmiyinyy island looks
like a rhombus. Its largest size from southwest to northeast
Is 630 m, the smallest, from south to north, is 360 m. The
area is 0.225 km?,

Geological structure and hydrogeological features

In the geological structure of Paleozoic sediments,
including the Silurian and Devonian, as well as Cenozoic
formations, are taked part. The rocks are represented by a
thick flysch-like stratum, which consists of conglobreccia
layers and thin layers of sandstones, conglomerates,
mudstones, and siltstones. Rocks are characterized by the
formation of voids and cracks of different shapes and sizes,
which have a tectonic and lithogenetic nature. Tectonic
cracks are rectilinear with a systematic arrangement. Such
features characteristic of both micro- and macro-cracks are
caused by the constancy of tectonic stresses within
individual — megablocks.  Lithogenetic  cracks are
subhorizontal and, as a rule, coincide with layering
surfaces. The width of the cracks, depending on the
strength of the rock layers and their strength, varies from
0.01 mto 0.1 — 0.2 m. The sizes of the blocks in individual
areas of the island may differ significantly - from 0.1 — 0.2
m to 6.0 — 8.0 m (Fig. 1).
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Fig. 1 Geological structure of Zmiyinyy island

Hydrogeological features of Zmiyinyy island is determined
by its geostructural position, geological and geomorpholo-
gical conditions and natural and climatic factors that affect
the mode of feeding and discharge of groundwater.

Along the coastal cliff, periodic exits of groundwater in the
form of small springs are observed.

Methodology of geophysical research (data processing
and interpretation) Detailed comprehensive geophysical
research on the Zmiiny island were performed in 2002.
Gravimetric observations were carried out according to the
one-time method, by one operator with one gravimeter of
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Figure 3 Magnetometric map

Electrometric observations by the method of dipole
uniaxial sounding (DUS - IP). Electrical prospecting faced
the task of mapping the supporting marker layers of rocks
in order to identify lenticular zones with relatively high
permeability in conglomerates, which can serve as
reservoirs of fresh water. Observations of DUS - IP were
carried out on a grid of 40x5 m.

For measurements, an equal-dipole setup AB=MN=5 m
was used, distances starting from 10 m and up to 55 m
were changed by the size of the dipole (5 m). The current,
potential difference, and phase parameter measurements
obtained at the observation point were processed using the
DUS - IP program.

The informational parameters were displayed in the form
of pseudo-sections p, and Ag and in the form of maps for
separate distances. In general, relatively low values of
apparent resistivity and slightly increased values of the
phase parameter are noted for samples of mainly clayey
rocks, while conglomerates, on the contrary, are
distinguished by high values of apparent resistivity and
background values of the parameter Ae. The obtained
results were used to map under the deluvium a supporting
electrical horizon of variegated clays with a thickness of
17.5 m, which crosses the island from south to north. In
addition, the created apparent resistivity maps at distances
of 10 m and 40 m (Figs. 4a,b) characterize, respectively,
the geoelectrical resistance of the upper waterless part of
the section and the section of the "lower" conglomerates
lying under the layer of variegated clay.

Brief information about the results of the research
According to the electronic reconnaissance data of the
DUS-IP, the exit to the surface of a layer of variegated
clays, which is key to understanding the structure of the
island, has been mapped. On the map of apparent
resistance for a distance of 10 m, a linear anomaly of
reduced pk values (50-100 Ohms) against a background of
200-500 Ohms is clearly visible along the western coast of
the island (Fig. 4a). This anomaly is connected with the
coming to the surface of a layer of variegated clays. On the
apparent resistivity map at a distance of 40 m (probing
depth approximately at sea level), a zone of reduced values
of apparent resistivity stands out quite confidently, given
the high level of geological and electromagnetic
disturbances (Fig. 4b). The detected zone of increased
electrical conductivity is identified with lenses of weakly
cemented, cavernous water-containing conglomerates.
According to the results of the search for sources of
drinking water, three wells No. 1 were drilled; 2; 4 (Fig.
4a,b) with a flow rate of fresh water up to 10 m3 per day
each one. For physical and chemical control of the sampled
water, they were equipped with special autonomous
Sensors.

Based on the results of hydrologging studies of wells
performed by DGE "Dniprogeofizika", the intervals of
water-bearing rock strata have been established, namely:
38.0 — 54.6 m; 57.6 — 74.0 m; 80.8 — 109.4 m. The two
upper strata contain groundwater with a mineralization of
1.9 — 2.3 g/dm?3, which increases with depth. This indicates
that within the conglomerate layer there are two water-
bearing sub-horizons, which are separated by rocks of
reduced fracturing — a relatively waterproof layer. The
static level of groundwater is established depending on the
relief at depths of 32.0 — 36.9 m, that is, at values close to
sea level.

Time analysis of the variability of hydrodynamic and
physicochemical parameters of groundwater. The
results of hydrological and meteorological observations
(sea level, atmospheric pressure, atmospheric precipitation)
conducted from 2003 to 2013 by employees of the "Zmiiny
island" research station of the Center for Integrated
Monitoring and of environmental studies of the National
University named after 1.I. Mechnikov. Monitoring of the
level, temperature and mineralization of groundwater on
the island was conducted by DGE "Dniprogeofizika® in
order to assess the impact of economic activity on the
underground hydrosphere of the island, changes in the
regime of groundwater in well No. 2 with a depth of 56 m
were analyzed. At the same time, it was found that the

: _ a duration of pumping from the well is on average 8-9 hours,
the GNU-KV type on a previously instrumentally prepared sometimes with breaks of several days, in the summer
grid of profiles (_20X10 m). In places. with man-made season — almost every day. The decrease in the level of
obstacles, observatlgn_s were made on an irregular network. underground water during the pumping period reaches 7-8
The error of determining Ag at the points of regular survey m with the recommended mode of water withdrawal up to
was 0.032 mGal. In general, the root mean square error of 5 m3 per day.
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Figure 2 Gravimetric map in Bouguet reduction with an
intermediate layer density of 2.67 g/cm3

Analysis of the created gravity field map shows the
presence of gradient zones from 0.3 to 0.5 mGal in the
western and eastern parts of the island. The presence of
Aga gradients reflects the fine structure of the field with a
local minimum in the center of the island (Fig. 2).
Magnetometric observations of the full vector of the
magnetic field Ta were carried out on a grid of 10x5 m.
Measurements were carried out according to the one-time
method by one operator with a T-magnetometer MMP-203
while moving on foot. The accuracy of the magnetic survey
+2.16 nT made it possible to make a map of the magnetic
field AT of the surveyed area with a minimum cross section
of 5.0 nT. Large man-made obstacles on a large part of the
island's area prevented the investigation of its geological
features by magnetic surveying. A calm magnetic field,
was recorded only in the northwest and southeast of the
island (Fia. 3).
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Figure 4 Map of apparent resistance (p,) at a distance of
10 m (a), MAP of apparent resistance (p,) at a spacing of
40 m (b). Notes: isolines of apparent resistance (Ohm.m) —
1; anomalous zone of polarizability and conductivity — 2;
scheme position of the search well for water

On the p, map at a distance of 40 m (Fig. 4b) in the central
part of the island, a "U-liked" area of reduced values of
apparent resistance stands out quite confidently. This
anomaly is associated with lenses of increased
"decompression” in the lower conglomerates, which are
probably filled with water.

Figure 5 A fragment of the combined graph of fluctuations
in the relative level (H, cm) and temperature (7, °C) of
groundwater in well No. 2

Conclusions. 1. Based on the results of the performed
geological and geophysical studies, the presence of three
water-bearing strata in the depth intervals: 38.0 — 54.6 m
was established; 57.6 — 74.0 m; 80.8 — 109.4 m. The value
of the static level of the island's groundwater is in the range
of 32.0 — 37.0 m and exceeds the detected depth of the
roofing of the upper water-bearing stratum. Therefore,
groundwater stored in separate reservoirs can be classified
as interlayer pressure.

2. According to the results of the complex interpretation of
geophysical studies, three wells No. 1 were drilled; 2; 4.
The flow rate of fresh water in each was up to 10 m3 per
day. For physical and chemical control of water sampling,
the wells were equipped with special autonomous sensors.
In order to prevent an increase in the mineralization of
water in the well, it is suggested to program the CTD-Diver
to register the parameters of the specific conductivity of
water after 1-2 minutes, which will make it possible to note
the moment of abrupt increase in the mineralization of
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