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SUMMARY

The purpose of this work is to analyze the data of long-term observations of surface and groundwater
regimes to determine the factors that lead to disturbance of hydrogeological conditions and the
development of exogenous geological processes (EGP) in the Kyiv-Pechersk Lavra and the
determination of areas characterized by negative EGP processes.

The urgency of the work is to identify potential areas of development and spread of EGP, identification
and forecasting of changes in groundwater regime with subsequent leveling and elimination of negative
factors.
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Introduction. Underground and ground water is the most dynamic and vulnerable component of the
geological environment, which responds in real time to changes in natural and natural-anthropogenic
factors and causes the emergence and activation of dangerous geological processes, such as landslides,
subsidence, flooding, etc. (Koshliakov, 2011).

The purpose of this work is to analyze the data of long-term observations of surface and groundwater
regimes to determine the factors that lead to disturbance of hydrogeological conditions and the
development of exogenous geological processes (EGP) in the Kyiv-Pechersk Lavra and the
determination of areas characterized by negative EGP processes.

The urgency of the work is to identify potential areas of development and spread of EGP, identification
and forecasting of changes in groundwater regime with subsequent leveling and elimination of negative
factors.

Method and Theory. The initial data are long-term regime observations of underground and
groundwater levels on the territory of the National Kyiv-Pechersk Historical and Cultural Reserve,
which were conducted by a network of regime water points. In particular, the data of measurements of
the groundwater level (GWL) in the wells drilled on the territory of the reserve, which were carried out

1995 (¢ - 20pusonm) in the period from September 1990 to March 2020,
g were used. The frequency of measurements of this
e , ' array is, on average, 3-4 times a month for each of the
2 wells. Accordingly, this information base is a fairly
o large array of values (31 wells, each of which is about
” secno nimo ocine 1300 values), which in order to optimize further work

1998 (Q - 20puzonm) . .
1740 must be analyzed and interpreted. According to these
iﬁ;‘} L data, graphs were constructed with the extraction of

which illustrate the seasonal course of variability.

75 ' \\/\/"\4 anomalous wells in the Tableau software (Figure 1),

H : ‘ Graphs show that fluctuations in groundwater levels

e e o are usually cyclical. Thus, the highest levels are
- ol o observed in the spring of each year, and the lowest - in
5o — /| the winter. After analyzing the actual data, the
pred N\ |- = following was established (Hudak et al., 2020). GWL
o o (ground water level) within the Upper Lavra are at
w0 : 178.0-181.0 m, for the whole period the highest levels
b e pimo ocin were observed in 1996 and 2008-2009. In recent years,

long-term rises in levels have been recorded in wells
located closest to the street Lavrska (wl, w2, w102,

yom w103). The graphs also clearly show the dependence of
a the groundwater regime on the nature of nutrition -
340 =\ infiltration of precipitation, mainly snowmelt. Every

o0 year in the spring due to the supply of the aquifer with

2019 (Q-20puszonm)

e o - o melt and rainwater GWL increases by 0.5-1.5 m and
Figure 1 Measurements of ground water the area of the aquifer expands (or the formation of a
level of Kyiv Pechersk territory temporary happens).

The next step is the preparation of the study area, which
is performed in software ArcMap. First, a database is created in which further operations will be
performed. A bitmap of the area with the appropriate geographical reference (GCS_ WGS 1984) is
being uploaded. The image is used as a basis for interactive vectorization of the boundaries of the study
area and wells (Figure 2).
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Figure 3 Extract of attributive information of wells class

EAGE

As mentioned above, the initial
information is the data of regime
observations of GWL in wells that
operate groundwater aquifers in the
studied area. Each structural unit of
the database contains the serial
number, the number of the well, the
date of measurements and the actual
GWL. Below is a fragment of the
structure of the table, where the
attribute information of the well
class includes data on the GWL
(Figure 3).

The next step in processing the
original data is surface modeling.
Interpolation  tools create a
continuous surface based on a
discrete sample of measured
values, such as height values. To
choose an interpolation method, it
is necessary to understand how the
surface can be represented by
means of geographic information
systems (GIS) in vector or raster
systems. The Spline method is the
most acceptable for performing the
set task - construction of GWL
surfaces.

The Spline tool interpolates values

using mathematical functions that minimize the overall curvature of the surface. This makes it possible
to build a smoothed surface that passes through the entry points. Spline sets the mathematical function
to a given number of the nearest entry points when passing through reference points (Mitas and
Mitasova, 1988). Two basic conditions must be met: the surface must pass exactly through the data
points and the surface must have a minimum curvature. Also, the accumulated sum of squares of other
surface derivatives taken for each surface point should be minimal (ESRI ArcGIS Documentation).

The construction of the initial surface by the Spline method is performed by using an automatic script,
where the Z coordinate is the height spatial position of the wellhead. Next, the surface classification is

performed. In classification, similar spatial objects are grouped
symbol to each object that falls into the same class (Figure 4).

s T N

$358 §23
HIIRU2TRITL LT

BEZBem~onew

L EECCELEREEeet et tCLLLEreet]

REZRRESEE

S¥SBZRS

B,

PVRE VIR Y Y

CERRVNARRUNRRI S
3%

2zz3353853

BUBNANBUNNBISIZZE SRS
£a

> u S ©outof 31 Selecred)

Figure 4 Comparison of actual data vs received of the wellhead

into classes by assigning the same

To study the subsidence
of  the soil, the
construction of surfaces
according to GWL was
performed on the basis of
average arithmetic values
in two samples - 1995
and 2010, followed by
further  analysis  of
aquifers common within
the studied area. Since
both horizons directly
affect the development of
subsidence processes, it
is advisable to combine
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them into one surface, followed by reclassification of ranges. The following results were obtained
(Figure 5).

a b
Figure 5 Areas of distribution of aquifers in 1995 (a) and in 2010 (b)

Results. Over a period of time, the distribution ranges of aquifers have changed. Actual data also points
to this. For example, in well Ne 14 (w14) the average annual GWL in 1995 was at the level of 3.11 m,
in 2010 - 4.11 m. A similar situation occurs in each of the wells. Such lowering of the surface of aquifers
can be caused by a number of factors that occurred in the area: leaks from aquifers, significant inflow
from adjacent urban development, construction of buildings on deep pile foundations, elimination of
existing drainage galleries, etc. (Cherevko, 2019).

The most prone to flooding territory in the studied area is the garden above the Near caves. A dense
network of observed regime wells is arranged in the Near Cave Garden, according to which it is possible
to construct the surfaces of the upper aquifer and track its spatial-temporal changes. For example, the
construction of the surface is executed according to the data as of 25th of February, 2019 (Figure 6).
Research on flooding processes is important, as it affects cave complexes. To analyze the current state
of flooding processes, a mathematical-cartographic method of research based on GIS was used.

Using a Map calculator (ArcView GIS), the surfaces of groundwater expansion and occurrence were
compared, created at different periods of time. After performing a series of constructions for the
samples, and comparing the obtained results with geological and lithological data, the following was
obtained. In the garden of the Near Caves, a permanent aquifer is distributed only in the upper part. In
the rest of the territory, the aquifer has the character of a peak, i.e. temporary, and occurs on the surface

of the waterproof layer g B

(thickness of brown and - @- %® [ 1w sz
variegated  clays) after Mg x m:':':"::w e
snowmelt and prolonged or Py Eunel 2205 | » & 041 091
heavy rainfall. Groundwater - {5 07 i 0 091 - 141
spreads down the slope o ihm e ih o
along the basins of the = jhmia — in @ 242292
eroded surface of brown - iiuE o in s

and variegated clays filled - 1on s 1% 0 392 - 40

with permeable soils. In the =~ = #7040~

years of high waters (2008, AT

2010, 2013) the aquifer is

formed on the surface of

the waterproof layer of Figure 6 The surface of the temporary aquifer in garden on Near
brown and variegated Caves which leads to the development of flooding processes (as 25"
clays in a continuous of Februarv. 2019)

layer.
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Conclusions. The study of various materials of surveys of previous years (Skalsky et al., 2007;
Cherevko and Kutsiba, 2011) allows us to conclude that the formation of the groundwater horizon in
the garden of Near Caves is due to infiltration of precipitation. Infiltration of atmospheric precipitation
leads to overwetting of the soil mass, raising of groundwater levels and further spread of the aquifer
towards the cave labyrinths by lateral paths. Water-bearing rocks are man-made sediments; sands and
loams of temporary watercourses that fill the basins; diluvial clays.

Having constructed surfaces on the basis of regime data about GWL, in the study area of the Kyiv-
Pechersk Lavra, it is possible to identify potential areas of distribution of dangerous EGP, in particular,
such as subsidence and flooding of the soil. Using the obtained results of constructions and taking into
account the data on previously recorded phenomena of this nature, as well as data on previously
conducted monitoring work, the generalizing scheme (Figure 7) is supplemented with relevant
information.

Of course, there are currently a
number of techniques used to
Q“;“ :z‘;"’l’ N study EGP. Most of them are
A nidmonne p a aimed at solving more local
o cyositini npoyecu . .
[:] NidMOonneHHA 2pyHMOosUMU 600GMU taSkS’ m partlcular, such as
D NpuUxoBaHe NIGMONNEeHHA Il’lOl’litOI'il’lg the condition of
buildings and historic sites. The
territory of the Kyiv-Pechersk
Lavra is located on the slopes of
the Dnieper Valley and the
Lavra Gorge with complex
geological, hydrogeological
and engineering-geological
conditions and is characterized
by the presence of intensive
man-made load on the
Figure 7 Generalized plan-scheme of development of exogenous  geological environment, which
processes on the territory of Kyiv-Pechersk lavra (according to  usually complicates the
results of constructions and other actual data) monitoring process. Therefore,
the creation of a single geobase
for the study area can optimize the process of monitoring and forecasting the development of hazardous
geological processes, as well as allow to respond effectively to the development of such phenomena
and reduce their spread. There are a number of tasks that can be solved more efficiently with the help
of such a database, if we talk about its maintenance in ArcMap software:

- creation and maintenance of a geoinformation database can serve as a fact-graphic basis for the
implementation of various mathematical models;

- use in filling and maintaining the database of with all available information (for example, for a
certain area using logical queries from the geo-base to select observation points that are within the site
and contain information about the groundwater level at a user-defined time);

- preservation of the results of various constructions and modeling in the form of layers for further
improvement of existing models and creation of new models of the territory;

- performing spatial analysis and modeling with integration into other GIS and using other
software.

As can be seen from the wide and diverse set of tools available and used in this work in ArcGIS
software, creating and maintaining such a geo-database in combination with other software can be quite
acceptable and effective.
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