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In August 2024, significant deformations (vertical cracks with an opening of up to 5 cm and
wall displacement, separation of wall blocks, wall tilt towards the slope, etc.) were recorded
in area of section 2 of the Defensive Wall around the Near and Far Caves. In order to
determine the factors of deformation, a set of electrometric research methods, including
electrotomography and the method of natural electric field, was carried out to study areas of
high humidity in the area of the Guest courtyard of the "Kyiv-Pechersk Lavra" National
reserve along section 2 of the Defensive Wall around the Near and Far Caves. The site is
located in the sloping (eastern) part of the reserve, where the combination of complex
engineering and geological conditions and anthropogenic development creates conditions for
the development of dangerous engineering and geological processes.

The results of electrotomography were interpreted using two- and three-dimensional models.
Zones of increased humidity, which vary in length and intensity, and their spatial
confinement to local depressions, underground galleries, buried structures, a 600 mm
diameter drain, and a water supply system near building No. 55, have been identified and
often coincide with negative anomalies of the natural field. The necessity of developing
compensatory measures to strengthen the emergency sections of the Defensive Wall is
proposed.
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Introduction

The main role in the study of historical and architectural legacy is played by non-destructive testing
methods, which primarily include geophysical methods: gravity survey, magnetic survey, electrical
survey and ground georadar survey. They allow to quickly solve engineering and geological tasks and
carry out direct express analysis and preliminary interpretation of the results directly at the work site.

According to engineering and geological surveys (Khilko, Duganets, 2017), the foundation of this
section of the Defensive Wall is strip, made of yellow brick with cement mortar, the depth of
foundation relative to the modern day surface on the eastern side is 1.1 m, on the western side - 2.6 m,
the absolute mark of the sole is 158.9 m, the wall serves as a retaining element. Groundwater levels
are recorded at absolute levels of 158.2 m on the eastern side and 160.7 m on the western side, i.e.
above the foundation soles, with a significant tilt of the groundwater table towards the Lavra ravine.
The monument is located in a flood zone (Cherevko et al., 2024).

Method and Theory

Systematic monitoring of historical sites has been carried out on the territory of the Kyiv
Cave Monastery for many years (Khilko, Duganets, 2017; Cherevko et al., 2024; Cherevko et al.,
2024). One of the most unstable areas for the preservation of historical and architectural
heritage is the Protective Wall.

The height difference of the surface is about 3 m (varies between 162-165 m) on the western
side of the Defensive Wall (artificially terraced slope), and the surface, slightly sloping in the
southeast direction on the eastern side, is about 160 m, i.c., the Defensive Wall within the
research area acts as a retaining wall.

Today, the leading role in the study of historical and architectural heritage is played by non-
destructive testing methods, which primarily include geophysical methods: gravity survey,
magnetic survey, electrical survey and georadar survey. They allow to quickly solve
engineering and geological tasks and carry out direct express analysis and preliminary
interpretation of the results at the work site (Bondar et al., 1998).

The method of electrotomography has found wide application in the study and monitoring of
cultural and historical heritage sites, due to the ability to carry out electrical measurements in
limited areas in a short time with simultaneous visualisation of observations and the
possibility of making the necessary changes to the observation methodology. In recent years,
studies using this method have shown the effectiveness of its application in the study of
landslide massifs (Pasichne Valley), compaction zones in the headwaters of power plant
dams, and archaeological research (Bondar, 2021). On the territory of the Kyiv-Pechersk
Lavra, such studies were first carried out in 2023 in the Metropolitan Garden of the Upper
Lavra (Cherevko et al., 2024), revealing the sources and factors of watering of the soil massif.

Results

Electrotomography Method

It was successfully applied to determine the area of distribution, depth and determination of
overmoistening factors in the Metropolitan Garden of the Kyiv-Pechersk Lavra (Cherevko et al.,
2024).

In determining the position and extent of the anomalies, we took into account both the
geomorphological, hydrogeological and technical conditions of the site (saturation with engineering
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networks), which significantly affected the intensity of the anomalies and caused the interruption of
anomalous zones, and the results of observations by other methods, primarily by electrical profiling.
The approximate depths of the groundwater surface were determined. Based on the results of the
quantitative interpretation of the natural field anomalies, the direction of groundwater discharge and
the filtration sites of man-made leaks were determined, and their approximate location was
estimated based on the ET results.
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Figure 1 a-c. Vertical sections of apparent resistivities along profiles (from top to bottom) I-1, 1I-11, 11I-
1.

Sections of vertical apparent resistivities along profiles I-1, II-II and III-III on the territory of the
study area are presented in Fig. 1.a-c, the orientation of the sections in the figure is south-north;
profiles I-I and II-II are located on the western side of the Defensive Wall, profile III-III on the
eastern side. The height difference of the surface is about 3 m (a.s.d. varies between 162-165 m) on
the western side of the Defensive Wall (artificially terraced slope), and the surface slightly sloping
in the southeast direction on the eastern side is about 160 m, i.e., the Defensive Wall within the
research area acts as a retaining wall.

It was found that all electrical sections are low-impedance, i.e., represented by rocks of low apparent
resistivity, among which various sandy loams, loams and clays prevail. Moreover, even the first bulk
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layer, which is represented by loess sandy loam with minor inclusions of construction debris
(fragments), is characterized by resistivities ranging from 46 to 155 ohm m, which also makes it
impossible to classify it as a layer with medium apparent resistivity. In all the presented sections,
there is a gradual decrease in apparent resistivity with the depth of the study from an average of 70
to 85 ohm m for the first bulk layer to 10 to 12 ohm m for clays that lie from the base of the section.
According to the field studies and preliminary interpretation, the upper three layers are most clearly
distinguished, which are represented by more powerful thicknesses and characteristic apparent
resistances. The next three layers of rocks, represented by various loams, were dismembered both by
the initial inversion data and drilling data. They are distinguished to varying degrees on the sections
of vertical apparent resistivity.

Natural electric field method

According to the results of field observations by the natural electric field (NEF) method on three
profiles at the research site and the qualitative and simplified quantitative interpretation of the
research data, it was established:

e - the field can change its sign, is variegated, which indicates the presence of both zones of
moderate and increased filtration and zones of water resources discharge in the study area. The
values of the natural field potentials vary from -50 to +48 mV. The rooting of negative field
anomalies in positive ones is observed, which is usually an indication of the complicated
behavior of groundwater at the site;

e - unloading zones are confined to the northern and central part of the site in the area of buildings
No. 55, 60 and the garage and their sloping areas and are characterized by a gradient increase in
intensity in the northern and northeastern direction towards the protective wall

e - zones of moderate filtration (water inflow) are confined mainly to the western part of the site. In
fact, the entire western part of the site is a filtration zone characterized by negative potentials;

e - the two most intense negative field anomalies are confined to PC 30 of profile III-III (40 m
north of building 63) and to PC 65-80 of the same profile at the turn of the Defensive Wall. The
filtration direction changes from sublatitudinal to latitudinal in the southern part of the site. In the
eastern part of the site, filtration processes are much more intense than in the western part;

e The small apparent width of the natural field anomalies makes it possible to assume that the
groundwater level is near the surface, the aquifer has different thickness in different parts;

e Quantitative interpretation based on the q parameter (distance between half-maxima of
anomalies) showed that the depth of groundwater levels within the site varies from 1.5-1.7 m in
the western part to 1.8-2.0 m in the eastern part, which is in fact consistent with previous studies.

In December 2024, a hydrogeological observation well was installed at the survey site (opposite the
northwestern corner of the building No. 55), the groundwater level was recorded at a depth of 2.0 m,
which corresponds to an absolute mark of 163.25 m.

Conclusions
The complex of electrical exploration studies conducted using the methods of electrotomography
and natural electric field on the territory of the study area allows us to draw the following
conclusions:

1. According to the ET data, two lithological horizons were identified: in profile I-I - two, in
profiles II-II and III-III - three lithological horizons (due to the difference in the daytime surface
elevation). Technologically, it is impossible to split into layers the first horizon from the surface,
which is represented by thin layers of Neogene, Quaternary deluvial and modern anthropogenic
Holocene formations, since the parameters of the measuring unit were much larger than the
thickness of the layers. The second horizon, which is represented by loams and sandy loams, has
insignificant fluctuations in thickness and is characterized by the lowest apparent resistivity values
(4-20 Ohm*m). The third layer of fine kaolin sand with apparent resistivity values from 15 to almost
50 Ohm*m, variable power.
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2. On all three profiles, there are zones of increased moisture content of different length and
intensity, which are confined to the second layer of sandy loam and loam. All of them are spatially
confined to local depressions of the relief, underground galleries, buried structures, a 600 mm
diameter drain, a water supply system near the building No. 55 and often coincide with negative
anomalies of the natural field.

3. On profiles II-1I and III-111, they are most concentrated near the turn of the Defensive Wall,
where there is a combined effect of several of these factors. All this leads to the gradual destruction
of the foundations of the Defensive Wall and requires work to strengthen them. Bussneni 3a
nmaanmu [1EIT momipHi Bix’emMHI anomarii mprupogHoro nois (1o -50 MB) npuypodeHi, B OCHOBHOMY,
IO 3aXigHOT YacTWHHM MAUISHKH, A€ (UIBTpaliifiHi NpOoLecH NpPUCYTHI CKpi3b 1 € HacliAKoM
nepeniueHnx BUIe 3a3HaueHuX ¢akropiB. lle miaTBEpIKye MPUIYIIEHHS PO BipOTiTHHIMA
OapaxHult epeKT 3araudIeHHX KOHCTPYKITiH OOOPOHHOI CTiHU.

4, The two most intense zones of high humidity (waterlogging) are located in the western part
of the study area and are confined to the intersection of various engineering networks (brick
drainage gallery No. 3 of the KP SUPPR, a 600 mm diameter drain, shallow drainage galleries)
opposite the southeastern corner of Building 60 and the main water supply system along the
southern and eastern facades of Building 55.

5. Groundwater levels within the site vary from 1.5-1.7 m in the western part to 1.8-2.0 m in the
eastern part.
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