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Vakhtang Tevzadze - 90

One of the outstanding scientists in debris flow
studies, former Head of the Department of Natural
Disasters of the Tsotne Mirtskhulava Water
Management Institute of Georgian Technical
University, Chief Researcher, Member of the
Academic Council of the Institute, Corresponding
Member of the Georgian Academy of Agricultural
Sciences, Doctor of Technical Sciences, Professor
Vakhtang Tevzadze on October 24, 2023, would have
turned 90 years old since his birth.

Mr. Vakhtang Tevzadze was born on October 24,
1933 in Thilisi (Georgia). He studied at the Thilisi 7%
Secondary School for Boys, which he graduated with a
gold medal. In 1957, he graduated with honours from
the Faculty of Hydro- amelloratlon of the Agricultural Institute of Georgia and was awarded the
qualification of a Hydraulic Engineer. From 1957 until his death, he worked at the Institute of
Water Management and Environmental Engineering of the Georgian Academy of Sciences
(presently — Tsotne Mirtskhulava Water Management Institute of Georgian Technical University)
and passed from Postgraduate Study to the position of Deputy Director of the Institute in scientific
direction.

In 1968, he defended his candidate's thesis, and in 1986 - in St. Petersburg, he defended his
doctoral thesis and was awarded the scientific degree of Doctor of Technical Sciences.

In 1990-93, he gave lectures at the Department of Hydraulics and Hydraulic Machines of
Georgian Technical University and Department of Hydraulics and Hydraulic Engineering of the
Agrarian University of Georgia, where he was awarded the title of Professor.

In 1982-1999, he was elected as a member and deputy chairman of the debris flow
commission of the Committee on Science and Technology of the former Soviet Union, member of
the Council of the Department of Agricultural Problems of the Georgian National Academy of
Science (since 1994), corresponding member of the Georgian Academy of Agricultural Sciences in
the field of agriculture, erosion, melioration and ecology (since 1995), member of the Dissertation
Council of the Georgian Agrarian University (since 2000), member of the Licensing Council of the
Ministry of Environmental Protection of Georgia, member of the UNESCO National Committee on
“Man and the Biosphere” in the field of floods, erosion-debris flow phenomena and fighting against
them (since 2003).

In the post-Soviet period, as a well-known expert in the field of natural disasters, in 1973 he
was sent on a scientific mission to Japan for a one-year internship to study the country's experience
regarding erosion-debris flow phenomena. In 2007, together with him, we were on a scientific
mission to Israel, in order to study modern bioengineering methods for combating soil erosion in
order to fulfil a joint US-Israel-Georgia grant.
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Photo 1. (on the left) Prof. V. Tevzadze, L. Farkashi, Prof. G. Gavardashvili
Israel Scientific Research Centre for Soil, Water and Environmental Protection, Volkan, St. Tel Aviv
(Israel, 2007)

Together with Academician V. Tevzadze, | had the honour to jointly carry out field-scientific
research in sensitive areas of Georgia, where destructive processes of the earth's surface, such as
soil erosion, debris flows and landslides, etc., were taking place intensively. At a later stage, it
became the basis for us to develop the state program for protecting the country's soils from erosion
under the leadership of academicians - Tsotne Mirtskhulava and Otar Natishvili (2000-2004).

He has published about 200 scientific works on the issues of natural disasters in high-ranking
journals in Georgia and abroad, including about 10 monographs and 5 inventions. Under his
supervision, more than 10 candidate and doctoral theses were defended.

His selfless scientific-research, teaching and expert activity was celebrated by the country by
awarding him the Order of Honora. He was also awarded with many diplomas and medals. Under
his co-leadership, many international and regional scientific-technical conferences and symposiums
dedicated to agriculture and environmental protection topics were held.
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Vakhtang Tevzadze - 90

At the water catchment basin of river Khrami During the expertise activities of the coastal protection
(22.07.2008) wall on the Black Sea coast (Sarpi, 24.08.2009)

& “

To check the stability of the Black Sea shore in Batumi  During the signing of the cooperation agreement with
Botanical Garden, (on the left) director of the the director of the ,,Georoadscience” Institute of
botanical garden, Prof. G. Leonidze, 2009 Georgia, Prof. T. Shilakadze (26.12.2000)

During the visit of the First Secretary of the Chinese During the visit of the Associate Professor S.
Ambassador Mr. I. Shen and the Professor I. Whu of Chernomorets from Lomonosov Moscow State
Central China Normal University (Wuhan, China) to University to the Institute (04.30.2007)

the Institute (19.08.2007)

Photo-material illustrating cooperation with Professor Vakhtang Tevzadze
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Vakhtang Tevzadze - 90

As for the descendants of Mr. Vakhtang Tevzadze, the eldest daughter - Irina Tevzadze -
graduated from the Art Academy with a specialty of artist-designer, lives in the city of Phoenix
(Arizona, USA) and works at the University of Arizona. She has children - Victoria (Vika) Topuria,
28 years old, who lives in the state of California, and Ketevan Topuria, 26 years old - in the state of
Texas (USA). The second daughter, Anna (Nanuka) Tevzadze, graduated from lv. Javakhishvili
Thilisi State University, majoring in tourism management, who currently lives in New York (USA)
and has her own business. Has a son, Irakli Porakishvili, 22 years old, who lives in Budapest
(Hungary).

Mr. Vakhtang's wife, Mrs. Manana Didebulidze, was a senior lecturer at the Faculty of
Fashion Design of Thilisi State Academy of Art; she died on November 6, 2021.

The scientific contribution of the member-correspondent of the Academy of Agricultural
Sciences of Georgia, Doctor of Technical Sciences, Professor Vakhtang Tevzadze to the
development of the field of environmental protection and engineering ecology of our country is
great. He was a worthy teacher, professional, native of Thilisi (from the neighbourhood of Vera),
kind friend, faithful wife of a traditional Georgian family, caring father and loving grandfather.

Givi Gavardashvili

Director of the Tsotne Mirtskhulava Water Management Institute
of Georgian Technical University,

Academician of the Georgian National Academy of Science,
Doctor of Technical Science, Professor,

Honoured Constructor of Georgia
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Management of water resources

GIS TECHNOLOGIES IN THE ASSESSMENT OF THE MORPHOMETRIC
PARAMETERS OF THE MOUNTAIN RIVER

A. Arifjanov, D. Atakulov, U. Vokhidova, M. Osmonova
National research university “Tashkent institute of irrigation and
agricultural mechanization engineers”
Tashkent, Uzbekistan
E-mail: obi-life@mail.ru

INTRODUCTION

Stream processes include various processes related to the interaction between the stream and the river
bed. They are erosion related to the formation of the river bed, river bottom, banks, transport of soil particles
by currents, that is, washing, accumulation of muddy particles, that is, silting and other processes. Under the
influence of anthropogenic factors, this process is accelerating again. These changes are related to the
seasonal, perennial, centuries-long influence of the flow. As a result of this, complex processes occur in the
formation of the river bed and the relief of the river, its morphological parameters. The processes that take
place between the stream and the soil forming the riverbed reflect the hydromechanical nature of the
processes in the riverbed [1,2,3,4,5]. The hydrodynamic characteristics of the stream through its interaction
with the riverbed affect the morphology of the riverbed, causing bends, branches, and various changes in the
bottom and banks of the riverbed. The bed formed under the influence of the flow, in turn, affects the flow,
and various hydraulic changes occur in the flow.

Deformations of the foothill river bed are caused by erosion, sediment transport and accumulation.
These cause the rise or fall of the river bed level, erosion of the banks. The most complex affects
hydrotechnical structures, reducing their reliable and safe use[1,2,3]. Deformation of the trunk can be
directional and seasonal. For directional deformation, the change of the shape or position of the bedrock is
the same over time, that is, it is constant, while seasonal - the change of the bedrock and bedrock relief shape
is repeated over time [1,2,4,5,6].

Vertical deformations - reflect the vertical deformations that occur in the river section as a result of
sediment accumulation or washing to the bottom of the river.

Horizontal deformations are close to slope erosion, which determines coastal erosion, and the
displacement of the riverbed is observed by the accumulation of sediments in another part of the riverbed,
where the accumulation of turbidite particles appears. When horizontal deformations occur together with
vertical ones, branching increases in the river, washing and silting, etc. are observed.

As mentioned above, many factors affect the formation of the river bed. Taking into account these
factors, only theoretical connections are not enough to calculate the morphometric parameters [1,2,3,7,8,9].
Therefore, the morphometric relationships proposed by various scientists are based on data and observations
collected in natural field and laboratory conditions over the years. The essence of this is that the riverbed is
formed as a result of the interaction between the flow and the bottom of the riverbed over the years, and the
morphometric parameters of the formed riverbed are expressed by certain connections [7,8,9]. It is
appropriate to conduct research based on the stated factors in the continuation of research in this direction.

Finding the relationship between the flow hydraulic elements and the shape of the cross-section was
studied in the middle of the 19th century. It was noted that the greater the water consumption in the river, the
smaller the ratio of the average depth to the average width. In flat rivers, this ratio is within the limits of
1/25...1/200 [1,2,3,7,8,9] .

V. G. Glushkov proposed morphometric connections in riverbed among the others [10,11]. Riverbed
established the relationship between mean width B and mean depth h as follows:
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JB
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there: w- cross-sectional area, I"-soil strength coefficient against erosion, I'-1.4 for stony rocks, I'-5.5 for
slightly leachable soils.
S.T. Altunin proposed the following expression for morphometric connections [3,4].

N w

=To (1)

B™ = kh @)

there: m- is a parameter that varies from 1.0 to 0.5, depending on the type of soil; k-coefficient, the
average value is 10 for strong beds, 3-4 for difficult leachable soils; and it is assumed to be equal to 16-20 in
slightly leachable soils [1,2.3.4,5,6,7].
In the above connections, the discharge factor, which has the main effect on the formation of the ooze,
has not been fully taken into account.
The following expression was proposed by M. V. Velikanov [2] on the basis of the theory of units of
measurement to determine the morphometric connections for the river bed:

B 1

B _ 0iz

ad }13 Lﬁﬁ!:‘z .,ml (3)
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there: Az , A, — coefficients, y,, ¥, — degree indicators, d — sediment average diameter, i — channel
bottom slope, Q — water discharge, a = ? — 1, p, —solid fluid average density, p — density of water.

By performing some arithmetic operations on the equations (3) and (4) given above, it is possible to

derive the following relationship:
A = () (5)

Effective use of equations requires determination of coefficients and exponents. Various scientists
have conducted research in this regard in various conditions and determined the resulting values to a certain
extent [1,2.3.4,5,6,7].

From the analysis, it can be concluded that the purpose of this article is to use modern technologies for
rapid assessment of processes, taking into account the kinematic parameters of the turbulent flow, the soil of
the river bed, the amount and fractional composition of the sediments in the stream.

SOLUTION METHOD

In the study of these issues, there is a growing demand to analyze the conditions observed in the river
bed with the help of geoinformation technologies and to ensure their reliable operation [
8,9,10,11,13,14,15,16]. At the time of rapid development of innovative technologies, rapid assessment of
morphometric changes in the river bed, continuous monitoring, prevention of washing and silting processes,
and forecasting for the future are the main issues.

As a solution to the problem of quick and accurate assessment of river morphometric links, it is
possible to show the geographic information system (GIS), widely used in the field of application [19].

The morphometric relationships described above by various scientists have been developed on the
basis of numerous field studies and laboratory data. In most cases, these connections are appropriate for the
conditions under which the research was conducted. But for mountain rivers, it is necessary to improve the
given connections. Today, it is required to study the degree indicators and constant coefficients in the
equations on the basis of accurate, reliable, fast observations.
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GIS TECHNOLOGIES IN THE ASSESSMENT OF THE MORPHOMETRIC PARAMETERS
OF THE MOUNTAIN RIVER

The Sokh stream located in Fergana region was selected as a research object. The results of field
experiments and satellite data were combined and analyzed in order to find out the reason for the sudden
change in shape of the bed and washing in Sokh stream. In this case, the change of the morphometric
parameters of the bed in each section along the length of the stream, the change of the hydraulic elements of
the stream were checked based on the conditions of the dynamic stable bed. On the basis of observation and
analysis, it was determined that the riverbed formation consists of 3 parts along the length of the Sox stream.
These are as follows:

Part 1 — between PK12-PK23. In this interval, the main part (80-90%) of the sediments contained in
the stream is collected;

Part 2 — between PK29-PK55. In this interval, the shape of the riverbed changes very sharply, and
over the years the banks are washed away. In this section, the stream bed does not meet the conditions of a
dynamic solid section bed,;

3 parts — between PK55-PK92. In this part, the riverbed has not changed its shape very much over the
years, and the banks have not been washed, so we can call this part a riverbed with a dynamic solid section.

Level indicators and connection coefficients were determined using the morphometric connections
proposed by M. Velikanov for each selected part of the river bed with solid section.

In order to study and analyze the observed morphometric changes in the river bed, several operations
were performed on the data downloaded through the ArcMap application of ArcGIS software, necessary data
were measured and maps were developed. This was done in the following order:

(a) Water area was extracted from the downloaded daily trapezoidal image using the normalized

difference water index (NDWI) (Figure 1). The following calculation formula was used:
NDWI = J'ﬁi.{R —SWIR ;
NIR+5WIR

There: NTR — Near Infrared layer of satellite image;
SWIR - Short-wave Infrared layer of satellite image.
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Figure 1. Extraction of water area

b) After extracting the water area separately, the Sokh river basin was cut separately from the total
downloaded area in order to facilitate and speed up the performance of several operations on the data of each
studied day (Fig. 2);
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Figure 2. Extraction of the Sox basin

c) The width of the water level in each selected dam was measured in relation to the change in water
consumption along the length of the stream. Based on the measured and calculated values, a 3-year database
was created for the Sox stream.

ANALYSIS OF RESULTS
Using the data measured by the ArcMap software, the unknown constant coefficient and the level

indicators in equations (9) and (10) were determined. Initially, the constant terms on both sides of the
equation were designated by certain letters (K and C):

S
_ad _ Qiz
K= i (ad)? ,I,":zgn!z'
After the notations, the equation (3) looks like this:
B = Ay K[C]*: (6)

In the equation (12) above, Ag - is the coefficient of constancy, y, — is the level indicator, and it was

determined using a graph developed by experiment and the width of the water surface. In order to study the
morphometric relationship in the river, the part where the stream flows relatively inseparable was selected in
each section. The determined values were tabulated and graphs were drawn. It was analyzed based on the
morphometric connections of the watercourse determined by experiment and GIS, hydraulic and
hydrological equations.

A graph was created on the basis of the function Q/Qmax=f(B/Bmax) by relating the change of the flow
level width B along the length of the stream to the flow consumption (graph 1, 2, 3).
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Graph 3. Graph of dependence of river width on water discharge in Sokh riverbed PK 82

Were compared different formulas of river morphometric parameters which proposed by different scientists
with formula which determined through GIS by us.

3- 90035l Lsbgeedob fgseos 3gm®mbymdols 0bBlGoEwE oL Lsdgzbogmm BMmIsms 3OGgRdwmeo Ne76,2023 . 19



A. Arifjanov, D. Atakulov, U. Vokhidova, M. Osmonova

Table of recommended equation values

Table 1

Source Ag Ay ¥i ¥a
M.A. Velikanov 5,6 0,12 0,4 0,375
N.S. Sharashkina 4,0 0,14 0,51 0,33
0O.V. Andreev 7,9 0,16 0,53 0,3
X.A. Ismagilov 3,8 0,095 0,48 0,28
X. Aidov 2,2 0,2 0,44 0,34
Values determined by GIS 8,5 0,22-0,26 0,39-0,43 0,34-0,40

In the equation proposed by M.V. Velikanov for determining the morphometric links of the bed, it can

be observed that the coefficient of constancy and degree indicators are variable even for certain conditions.
From the results determined by GAT, it appears that these changes depend on the flow rate and the width of
the water table. Based on the analysis of the obtained results, these changes can be proposed in the fore-
mountain part of the river in the following intervals (Table 3).

Table 2
Correlation coefficient of the width of the water surface and table of dependence on level indicators

B, m Ay ¥, ¥z
20-40 0.22 0.39 0.4
40-60 0.23 0.4 0.39
60-80 0.24 0.4 0.38
80-100 0.24 0.4 0.37
100-120 0.25 0.41 0.35
120-140 0.26 0.41 0.34
140-160 0.26 0.42 0.34
160-200 0.27 0.43 0.33

CONCLUSION

A new approach to the assessment of erosion and accumulative processes in open riverbeds was
recommended as a result of the water level increasing with the increase of water consumption to a certain
level.

Based on the application of RS data from GIS technologies, the use of ultra-high-resolution Sentinel 2
images and data obtained in natural field conditions, a map of the Sokh Soy riverbed was developed.

It enables remote management based on the database developed for the assessment of erosion and
accumulation processes in riverbed. As a result of this, we will be able to quickly identify cases of washing
or turbid sediments in the bed and form databases on the object.

The method of determining the morphometric connections of the riverbed using GIS technologies was
developed taking into account the change in the flow level
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Hydraulic Engineering

DETERMINING THE AVERAGE DIAMETER OF SEDIMENTS TRANSPORTED
BY THE DEBRIS FLOW

K. Dadiani, I. Qufarashvili, M. Mghebrishvili, L. Maisaia, N. Nibladze
Ts. Mirtskhulava Water Management Institute of Georgian Technical University
Thilisi, Georgia
E-mail: g.dadiani@gtu.ge

INTRODUCTION

Based on reconnaissance works and field studies conducted on the results of the passage of the debris
flow in the debris flow-generating basins, the need to study the sedimentary processes in the channels, their
stability, and the development of new innovative engineering solutions, building norms and rules are
identified.

Due to the most difficult problems raised in the transit zones of the debris flow channels, the issue
needs to be solved in a complex manner during the selection of various stabilization measures against debris
flows, namely, blind and open structures. The issue of regulation is being carried out with an insufficient
volume and long intervals. This applies both to the construction of run-of-river structures and to their
cleaning works, where the leading role is played by the stream condition.

The assessment of natural disaster events and the quantification of their parameters, which are then
considered as determining factors for engineering decisions, play a special role in the establishment of a
decentralized infrastructure for a sustainable environment.

In order to determine the power of debris flow sand their dynamic impact on structures of different
purposes, determining the average diameter of sediments transported by the debris flow is of great
importance.

MAIN PART

In order to solve the problem, field studies were carried out in the Monastic ravine. Three reporting
sections were selected, samples of sedimentary mass, within 10-12 kg limits, were collected from the
riverbed. The collected samples were analysed in the Hydraulic Engineering Laboratory of Ts. Mirtskhulava
Water Management Institute of Georgian Technical University. Granulometric sieves with different
gradations were selected for the research.

As a result of the study of the soil sedimentary mass, the following indicators were obtained (see
Table 1):

Table 1
Laboratory Tests (Sample I)
. . Weight of the Percentage (?oordinates of the
# Sieve sizes sample (kg) content of sample integral curve of
(%) granulometry

1. >4,0 3,600 30,00 100

2. 4.0+20=30,00 cm 4,400 36,66 70,0

3. 20+10=15,00 cm 2,300 19,17 33,34

4. 10+5=7,50 cm 0,900 7,50 14,17

5. 5+2,5=3,75cm 0,400 3,33 6,67

6. 2,5+1,25=1,875cm 0,100 1,13 3,34

7. 1,25+0,63=0,94 cm 0,090 0,75 2,2
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8. | 0,63+0,315=0,473 cm 0,070 0,58 1,46

9. 0,315+0,14=0,227 cm 0,064 0,54 0,87

10. 0,14< 0,040 0,34 0,34

X =12.00kqg 2. =100% =100
Laboratory Tests (Sample I1)
# Sieve sizes Weight of the conT:;f f)r;ts?riple Ciﬁ(t)er;rlgﬁtt:zsr\(:z tor}e
sample (kg) (%) granulometry
1. >4,0 2,000 1,6 100
2. 4.0+20=30,00 cm 4,000 31,3 83,4
3. 20+10=15,00cm 3,500 28,3 52,10
4, 10+5=7,50 cm 1,270 10,5 23,8
5. 5+2,5=3,75¢cm 0,700 5,8 13,3
6. 2,5+1,25=1,875cm 0,300 2,5 7,5
7. 1,25+0,63=0,94 cm 0,050 4,1 5,0
8. 0,63+0,315=0,473 cm 0,08 0,6 0,9
9. 0,315+0,14=0,227 cm 0,03 0,2 0,3
10. 0,14< 0,02 0,1 0,1
2 =12,00 kg 2 =100% =100
Laboratory Tests (Sample I11)
_ _ Weight of the Percentage C_oordinates of the
# Sieve sizes sample (kg) content of integral curve of
sample (%) granulometry

1. >4,0 0,500 3,1 100

2. 4.0+20=30,00 cm 2,500 18,8 96,9

3. 20+10=15,00 cm 2,400 19,0 78,1

4, 10+5=7,50 cm 3,200 20,6 59,1

5. 5+2,5=3,75cm 1,770 12,7 38,5

6. 2,5+1,25=1,875 cm 0,200 14,6 25,8

7. 1,25+0,63=0,94 cm 0,900 7,0 11,2

8. | 0,63+0,315=0,473 cm 0,500 4,0 4,2

9. | 0,315+0,14=0,227 cm 0,02 0,2 0,2

10. 0,14< 0,01 0 0

2. =12,00 kg > =100% =100

Table 2

Table 3

Using statistical indicators (see Tables 1-3), we construct integral curves of granulometry of debris
flow sediments for all three samples, which are presented on the graphs (see Fig. 1, 2, 3).
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Fig. 1. Integral curve of granulometry of the first sample
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Fig. 2. Integral curve of granulometry of the first sample
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Fig. 3. Integral curve of granulometry of the first sample

Using the obtained data and the known empirical relationship, we calculate the average diameter of
the output according to the following relationship:
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For the I-st Sample: 4 = Zn:% ~26,5mm = 2.6 cm
i=1

For the 11-nd Sample: ; = i% ~14,8 mm=1.5cm
i=1

For the 111-rd Sample: 4 = Z”:Pi_dz ~11,0 mm~=1.1 cm

i=l
Thus, as a result of field studies, laboratory processing and mathematical calculations, the limits of
variation in the average diameter of the samples were determined, and the average diameter of debris flow
sediment in the Monastic ravine in the reporting section is:

Do d +d,+d, _ 2,6+15+11 _ 52 _1,73¢cm
3 3 3
Using the average diameter of alluvial discharge, the average velocity of the alluvium, flow rate,
transportability of solid sediments and specific flow of solid fractions of sediments are calculated at the next
stage.

CONCLUSION

Based on the results of the passage of debris flow, reconnaissance work and field studies make it
possible to calculate the magnitude of the dynamic force of the impact of debris flow on the structure, which
allows us to assess the reliability of the structure and the risk of structural failure at the next stage.
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CLIMATE CHANGE-INDUCED DISASTERS AND THEIR PREVENTION

R. Diakonidze, J. Phanchulidze, L. Tsulukidze, I. Kvirkvelia,
K. Dadiani, N. Nibladze, M. Glunchadze
Ts. Mirtskhulava Water Management Institute of Georgian Technical University

I. Chavchavadze Ave. 60b, 0179, Thilisi, Georgia
E-mail: robertdia@mail.ru

INTRODUCTION
It is widely recognized that Earth is experiencing global climate change, resulting in frequent torrents
and high-intensity precipitation events. Sometimes, rainfall within 1-2 days can equal the monthly norm.
That's why excess water runoff leads to unpredictable ecological problems. Various regions of the world are
affected by these challenges at different levels and results. Countries with mountainous terrain, such as
Georgia, are particularly sensitive to this process.

MAIN PART

Since the turn of the century, the occurrence of natural disasters has increased significantly,
particularly freshets, floods, erosion-debris flows, and landslides. Glaciers in mountainous regions are
shrinking in size over time. On some mountains, the snow cover has disappeared completely. Mount
Kilimanjaro is one example. The warm flow of the Gulf Stream is changing, and the ocean and sea levels are
rising. In addition, vegetation has appeared in some deserts, such as the Atacama Desert in Brazil. In certain
areas, there is a different process occurring where desertification is happening [1,2].

Due to humanity's inability to tackle climate change, it's necessary to conduct large-scale scientific
research directly in the field.

The Tsotne Mirtskhulava Water Management Institute of the Georgian Technical University has been
conducting research in the field of natural disasters for almost 100 years. Since the institute's establishment,
the "Department of Natural Disasters and Environmental Protection” has been formed and functions as the
only and oldest relevant department in the Republic. It is enough to enumerate the experts who are working
in the mentioned above direction: Doctor of Science, Professor Mikheil Gagoshidze, Academician Otar
Natshvili, Doctor of Science Vakhtan Tevzadze, famous scientists father and son llia and Yuri Sarkeulidze,
Levan Sulakvelidze, Zaliko lordanishvili, Dato Fruidze, Lia Sokhadze, Bedineir Kaladze. Scientists working
today are successfully continuing the footsteps of the above-mentioned scientists: Academician Givi
Gavardashvili, Dr. Eduard Kukhalashvili, and the article authors.

Scientists of the institute have been conducting field scientific research in nature for several decades.
In addition to the thematic program research, they conduct research almost every year directly in the disaster
zone, investigate the causes of the disaster, and present appropriate preventive measures.

Below are presented the field studies conducted in 2023 in Sighnaghi Municipality. The research
objects were studying the causes and making relevant conclusions of the Bodbe St. Nino Nunnery flooding
and the damaged section of the Sighnaghi-Dedoflistskaro highway.

The employees of the Tsotne Mirtskhulava Water Management Institute of the Technical University
of Georgia Chief Scientist, Professor Robert Diakonidze, Head of the Natural Disasters and Environmental
Protection Department, Jumber Phanchulidze, Levan Tsulukidze - Chief Scientists of the same department,
and Irakli Kvirkvelia, the scientist of the innovative research group, to study the flood caused by the high-
intensity rainfall in Sighnaghi municipality on June 20, 2023, and already mentioned ecological problems,
were in the disaster zone.

First, we began to study the flooding of the Bodbe St. Nino Monastery, an outstanding monument of
the spiritual life of Georgia. On the instructions of Igumenia Theodora, the monastery abbot nun Tamara
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guided and consulted us during the familiarization with the problems caused by the natural disaster. We were
shown a video recording of the flood (picture 1).

Picture 1. Flooded yard of Monastéry

The flood caused damage to the waterdrainage system. The intense rainfall also damaged the nearby
"Pilgrim" building. Some agricultural and decorative plants on the monastery grounds were also affected. In
addition, the bypass at the back of the monastery (picture 2) has been damaged and requires rehabilitation
work, especially as it is located in the landslide zone.

As the research showed, the disaster caused high-intensity heavy rain (according to nun Tamar, the
rain fell for about 30 minutes), which led to the formation of a critical amount of surface water runoff. The
road on the slope to the northwest of the monastery appeared as an artificial water-flow bed on which the
water easily moved (the slope of the road is directed towards the entrance road to the monastery). The main
part of the formed water rushed into the territory of the monastery. Despite the water drainage system at the
entrance, it was unable to handle the water flow efficiently, resulting in a significant amount of water
entering the monastery's territory and causing the aforementioned issues.

L8 ¥ e T TR i
Nl i WiEs :
e - v = : e “‘: St .‘ 3

Picture 2. The damaged bypass at the back of the monastery

Based on all of the above, our goal was to determine the predicted values of the surface runoff of water
formed on the monastery's surrounding area (the so-called catchment basin) for different percentage provisions
(for repetition) so that additional drainage systems can be designed according to the obtained results.

Based on relevant studies and calculations, the recommended method of hydrological investigations
(G. D. Rostomov - Technical instructions for reporting the maximum runoff of rivers in the Caucasus,
Thilisi, 1980, p. 71) was used to determine the prognostic values of surface water runoff expected in the
territory of Bodbe Monastery (with 1000, 100, 50, 20, and 10-year recurrence) [3]. The obtained results are
presented in Table 1.
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Table 1
Bodbe Monastery territory surface water runoff prognostic values
# Hydrological Recurrence in years
characteristics 1000 100 50 20 10
1 Water consumption (m%/s) 4,67 1,95 1,49 1,05 0,81
2 | Runoff volume (m%30 min) 8406 3510 2682 1890 1450
3 Drain layer height (mm) 65 27 21 14,5 11,2

The damaged road section is on the new road connecting Sighnaghi and Bodbiskhevi village along the
Jabaantkhevi water channel bed. This water channel joins an unnamed ravine from the south, and the road
sharply bends and the place of join. The water flow formed in these ravines damaged the embankment of the
highway - a gabion of stone piles (Picture 3).

Picture 3. Damaged embankment of highway - stone pile gabion

It is important to note that the local population relies on drinking water from the mentioned ravines,
where water intake wells are installed. A water catchment construction is located in the bed. In order to
protect the mentioned structure from damage, the bed of Jabaantkhevi was redirected from the right side to
the left side of the road by means of a bridge. We believe that the bridge in question was designed and
constructed incorrectly. The stone pile gabion on the road connecting Sighnaghi-Dedoflistskaro failed to
protect against excess water flow due to incorrectly settled parameters.

Even though the gabion protecting the road bank was built violating technical regulations, without
support pads, causing its damage, we still calculated the predicted values of the maximum water
consumptions expected on the ravines for a recurrence of 100 years i.e. 1% guarantee, because, in recent
years, the surface runoff of water, formed in the background of climate change, reaches such high levels that
in dry ravines (water channels) the formation of water flows of critical magnitude often occurs.

The maximum water consumptions for the above-mentioned ravines were determined by G.D. Rostomov
method and compiled:
1. Jabaantkhevi Qio = 12.5 (M%/s);

2. Unnamed ravine Q1%=12.3 (m?/s).

CONCLUSIONS

e The Bodbe St. Nino Monastery experienced a water flow intrusion due to intense rainfall, which led to
excessive surface runoff from the surrounding slope (it can be called a water catchment area). The water
drainage system at the entrance of the monastery was unable to cope with the excess surface runoff,
resulting in a significant amount of water entering the monastery grounds. The flow of water caused
flooding in the courtyard, leading to damage to the sewage system, decorative plants, and a portion of
the garden. At the bypass road at the back of the monastery, at the head of the dry valley, where the
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landslide has developed, the road soil has moved from the reinforced concrete structure and the road
support girders to become exposed. The Pilgrim Cafe bar, owned by the monastery and intended for
visitors, was also damaged.

o To tackle the issues at hand, we have identified the anticipated predictive maximum values of surface
water consumption for various percentages (recurrence in years). That will help us determine the
parameters of the water drainage system for potential future rehabilitation projects (see Table #1 in the
text).We believe that it is essential to install more water drainage collectors along the entrance road
leading to the monastery grounds (ideally, in two places), and the water should be directed towards the
ravine situated in the southeast of the monastery territory. Diverting the surface runoff into the ravine
would help to reduce the risk of landslides.Regarding the water that entered the "Pilgrim™ cafe bar, it
was caused by heavy rainfall that exceeded the capacity of the pipes on the roof, possibly due to
garbage clogging the pipes. With the onset of climate change, it is necessary to address the issue of
frequent high-intensity precipitation events that produce almost as much precipitation as a typical
month. Installing an additional drainage system on the roof of the building could solve the problem.

The damaged section of the road is situated on the new road that connects Sighnaghi and
Bodbiskhevi village. This particular section runs along the bed of Jabaantkhevi, a water channel that is
joined by an unnamed ravine from the south. At the point where they converge, the road has a sharp
bend. During the flood, the water flow formed in these ravines caused damage to the road's
embankment - a stone pile gabion.

It's important to note that the local population relies on drinking water from the ravines, where water
intake wells have been installed. A water catchment construction is situated in the ravine bed. To avoid
its damage, the bed of Jabaantkhevi was redirected from the right side to the left side of the highway by
means of the constructed bridge. However, we believe that the bridge was poorly designed and built.
Incorrectly set parameters for the stone pile gabion on the Sighnaghi-Bodbiskhevi village highway
resulted in the road being vulnerable to excessive water flow.

e According to the research, the stone gabion embankment in the Sighnaghi-Bodbiskhevi village section
of the highway was damaged. Due to heavy rain, a significant amount of runoff formed in the
waterways at the junction of Jabaantkhevi and its right tributary - the unnamed ravine, which led to the
damage. The main reason for the gabion's damage is a gross violation of construction regulations,
specifically the absence of support pads.

¢ Adjacent to the mentioned highway, there is an incorrectly designed and built bridge, through which the
bed of the Jabaantkhevi River is redirected from the right side of the road to the left side to protect the
drinking water intake facility.

o Despite all the above, we take into account that in recent years, against the background of sharp changes
in the climate, in a short period, there has been an increase in the frequency of high intensity and
abundant precipitations, as a result of which large volumes of water runoff are formed in so-called dry
ravines, and we considered it expedient to determine a 1% guarantee of the maximum water runoff
prognostic values (100-year repeatability), which was Q1= 12,3 (m/s) for Jabaantkhevi, and Q15 = 12,3
(m/s) for the unnamed ravine.
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INTRODUCTION
The Georgian military road, starting from Thbilisi and running to Larsi for almost 170 km, is a
mountainous and piedmont landscape where natural disasters such as floods, water erosion of mountain
slopes, debris flows, landslides, snow avalanches, and mountain slope collapses are active every year (Fig.
1). This area is the catchment basin of the rivers Aragvi (Black Sea basin) and Tergi (Caspian Sea basin),
which is often called the natural laboratory of origin of natural disasters.
The Aragvi River in the territory of Georgia flows as four different rivers: Tetri Aragvi, Shavi Aragvi,
Pshavis Aragvi and Khevsuretis Aragvi. Presently, the catchment basin with most active natural disasters is
the erosiove-debris flow basin of the Mleta River gorge, the right tributary of the Tetri Aragvi River. This
very basin is the object of our scientific study (see Fig. 2), where floods occur at least 4 times a year.
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Fig. 1. Geographic Iocatioh of the study object
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Fig. 2. View of the talus train filled with sediments of the Mleta River gorge
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The debris flows formed in the Mleta River gorge channel often block the Tetri Aragvi Riverbed (Fig.
3), thus forming a natural barrier with a micro-reservoir. In case of critical parameters, the water mass
disrupts this barrier and solid fractions, together with the debris flow mass, flows towards the Zhinvali
reservoir thus reducing the lifetime of the Zhinvali HPP.

Besides, the debris flows formed in the Mleta River gorge channel put the St. Georgia Church of
Mleta dated by 1876 to the risk of destruction (Fig. 4), and the local population of Kvemo Mleta (Dusheti
Municipality, Georgia) are also in danger.

Fig. 3. Debris flow formed in the Mleta River Fig. 4. Yard of the Church of Mleta covered with
gorge channel blocked the Tetri Aragvi Riverbed debris flow mass and solid fractions

Following the above-mentioned, regulation of the Mleta gorge channel, the right tributary of the Tetri
Aragvi, is of great strategic importance for Georgia, as sediment accumulation in the riverbed through the
facility is the only engineering and technical solution for stabilizing the riverbed.

In order to determine the amount of solid sediment transported by a debris flow, field expedition studies
were conducted and it was found that the average diameter of solid fractions transported by the flow varied
between 15 and 45 cm (Fig. 5).

- e, T LS ks

Fig. 5. General view of solid sediment transported to the Mleta River gorge
channel by the debris flow
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2. STRUCTURAL DESCRIPTION OF THE ELASTIC
DEBRIS FLOW-REGULATING BARRAGE

Natural anomalies, debris flows in particular, are of a particular importance for designing efficient
engineering solutions. Debris flow is a terrible phenomenon of the natural calamities and the regulation
measures are associated with their genesis and dynamics.

The rigidity and structural solutions of the barrages used in practice fail to transform the flow on the
pressure surface or redistribute the dynamic force.

By considering the above-mentioned, an innovative structure of the elastic debris flow-regulating
barrage was designed by the joint efforts of the scientific workers of Ts. Mirtskhulava Water Management
Institute of Georgian Technical University and NGO Ecocenter for Environmental Protection, with its
Know-How approved by the Patent License of Georgia [2].

The sections of the elastic debris flow-regulating barrage are made of triangular prisms of the same
height inserted in the bed, tight packed with their side faces. The base heights of the prisms increase along
the debris flow current and form a springboard. The structure’s top is directed against the current and there
are elastic ropes stretched between the edges above the prisms connected with one another with the lateral
ropes forming pockets between the edges to receive the debris flow mass. This type of barrage allows
receiving debris flow smoothly (See Fig. 6).

Fig. 6. General view of the elastic debris flow-regulating barrage

Elastic debris flow-regulating barrage (1) is made of sections connected to one another, which are
made of triangular prisms of equal heights (2); the sections with side faces (3) are inserted in the bed in close
sequence. The base heights of the prisms (4) increase in the debris flow direction and form a springboard.
The top of the facility is directed against the current. The upper edges of the prisms have holes (5) or clamps
to stretch elastic ropes (6) between them, while there are lateral ropes (7) stretched across the elastic ropes
forming pockets between the sections to receive the debris flow mass. The ropes are attached at the bases
with the openings (8) to fasten the ropes.

The sizes of the elastic debris flow-regulating barrage are calculated by considering the expected
strength of debris flow and topographical properties of the location. When the structure is used as an elastic
debris flow-regulating barrage, the current flows up the elastic surface and the impact force is distributed
along its length as follows:

As the debris flow moves, the debris flow-retaining pockets in the first section of the facility receive
the major dynamic impact force at the time of the flow passage, while the energy is further damped on the
surface of the springboard, gradually and smoothly under the action of the elastic surface. The sizes of the
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network of the debris flow-retaining pockets are designed by considering the diameters of the stones drifted
by the expected debris flow.

The technical-economic advantage of the existing structures is the opportunity of removing the ropes
of the facility and cleaning the facility making it possible to use it for many times.

Besides, the construction elements with less complex shapes are used to build the facility thus
reducing the cost of construction. In addition to the above-mentioned, the technical-economic efficiency of
the structure is high due to its trouble-free and long operation making it possible to avoid additional
operational costs.

3. LABORATORY MODELING OF THE ELASTIC
DEBRIS FLOW-REGULATING BARRAGE

For the sake of laboratory modeling of the elastic debris flow-regulating barrage, a hydraulic duct was
selected at the hydraulic laboratory of Ts. Mirtskhulava Water Management Institute of Georgian Technical
University with sizes: width: 0,36 m, height: 0,29 m, length: 12 m, duct gradient alteration: 0,01-0,06, [6-8].

Fig. 7. Laboratory model of the elastic debris flow- Fig. 8. Model of the elastic debris flow-regulating
regulating barrage

barrage in the hydraulic duct

Fig. 9. Debris flow regulation elastic barrage during the laboratory tests
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As for the model of the elastic debris flow-regulating barrage, by considering the parameters of the
hydraulic duct, they are as follows: length of the model barrage: 0,60 m, width: 0,36 m, maximum height of
the barrage: 0,15 m, number of steps: 3, step base length: 0,20 m, sizes of the open-end network to be
installed in the elastic pockets: 5-7 mm with the first option, 4-5 mm with the second option and 2-3 mm
with the third option.

By considering the above-mentioned, a laboratory model of the elastic debris flow-regulating barrage was
made with its general view given in Fig. 7. Figure 8 shows the laboratory model of the structure in the
hydraulic duct.

Experiments on the laboratory model of the elastic debris flow-regulating barrage will be done during
the motion of the turbulent debris flow through the debris flow duct by observing the following parameters
of modeling similarity[3,8]: the laboratory experiments will be done for debris flow motion through the
hydraulic duct for dynamic similarity (Fr = ident), geometrical similarity (bed gradient: i = ident), drift
motion (Vwater / Vsediments = ident), bed resistance coefficient (Chezy coefficient C = ident).

4. CONSTRUCTION DESIGN AND BUILDING

The dynamic impact of the flow on the innovative debris flow control structure is calculated with the

following dependence:
2

p=7 “’;/ siny f(m),  (N/m?) &)

Where » is the volume weight of the debris flow (N/m?); @ is the area of the effective cross-section
(m?); V is the flow velocity (m/s); y is the gradient angle to the structure base (°); w is the internal friction

coefficient and equals to:

v :tgz(45° —gj ; 2

Where N, is the equivalent depth of cohesiveness (m); H is the depth of current (m); a is the coefficient

(1— h,/H )t//- f(m) is the coefficient and depends on the rheological properties of the debris flow:

f(m)=16—(a3 +4a«/gx2+\/;)z

(a3 +4aJZX2+\/Z)2 ©)

The innovative debris flow control structure is a bearing frame of a metal structure with steel details.
Considering the technical characteristics of the structure, a point foundation was selected for it, and
waterproof concrete W8, Class B25, made with Portland cement was used for the foundations. The structure,
which is in contact with the ground and the river filtration current, is waterproofed with up-to-date insulating
materials. The bearing structure of the anti-debris flow control barrage, as a single spatial system, is designed
for permanent and temporary dynamic loads. The calculation was performed with software ,,Lira Sapr 2019”
(License Number 1/7165).
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The detail project is developed in accordance with normative documents effective in the territory of
Georgia: Concrete and reinforced concrete structures (03.01.-09); Building Foundations (DN 02.01-08);
Building climatology (DN 01.05-08); SNiP 2.01.07.85 Loads and Impacts; SNiP 11-23-81: Steel structures;
SNiP 2.03.11-85: Protection of structures against corrosion. The calculation results are given in Figure 10.
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Fig. 10. Longitudinal section of the debris flow regulation structure

The volume of solid fractions accumulated in the headrace of the debris flow regulation elastic barrage
is calculated as a function of time according to the following dependence:

w,/wr =090 +0,10(d/4)""]

(£/T)**, (5)
Where W, is the volume of solid fractions retained by the structure at a given moment of time (m®), W, is

the total volume of fractions retained at the headrace of the structure (m®); ( Wr=0gs.B.T), (m®), B - width of
the river bed (m); A is the permeability factor of the structure, t is the elementary time period (min), T is
the time of complete filling of the structure with sediments in its headrace (min). There are metal cables
suspended from the steps of the structure to make the barrage open-end by providing square holes (0.15 x
0.15 (m?). According to the design data, the structure carries water mass with solid fractions less than 0,15 m
to the tailrace, while the solid fractions greater than 0,15 m remain in the headrace of the structure.
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Fig. 11. Construction view in plan and nodes

Based on the conducted theoretical, laboratory and field studies, in order to regulate the solid
fractions in the Mleta riverbed at 1600 m asl, in October of 2022 an experimental model of the debris flow
regulation elastic barrage was built by us, and the debris flow formed in May of 2023 filled the first step of
the structure with solid fractions. The general view is given in Figure 10.

i

h - o . ""‘"

View of the structure before the debris flow passage View of the structure after the debris flow passage

Fig. 12. General view of the debris flow regulation elastic barrage regulating solid fractions
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The expedition and field scientific studies and their analysis in the headrace of the elastic debris flow
control barrage have yielded the following results: the structure contained the debris flow mass together with
solid fractions in the headrace along a 30-m section, the volume of which is 112 m3 and the height of the
debris flow mass at the first step of the structure was 1.0 m (Fig. 11). The weight of the largest stone
transported by the debris flow and retained in the headrace of the structure was 1.19 tons. The riverbed slope
was 15° in the headrace of the structure before the debris flow passage in the riverbed, and the slope of the
longitudinal profile of the surface of the debris flow mass accumulated in the headrace of the structure after
the debris flow passage decreased by 4° to 11°.

4. CONCLUSIONS

Based on the theoretical, laboratory and field scientific studies conducted under the financial support of
the grant project of the Shota Rustaveli National Science Foundation of Georgia "Debris flow regulation
elastic Barrage" in 2020 — 2023, the following basic conclusions can be made:

e An innovative design of an debris flow regulation elastic barrage, the priority of which is confirmed
by a Georgian patent, has been developed to stabilize mountain riverbeds;

e In order to effectively regulate sediments in riverbeds, laboratory experiments were conducted on the
model of the debris flow regulation elastic barrage, when two-phase flows loaded with sediment of different
diameters were flowing in the hydraulic channel;

e Based on the conducted experiments, the methodology as well as hydrological and hydraulic
calculations of turbulent debris flows were worked out and used to develop a working design of the debris
flow regulation elastic barrage;
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e By using the working design, an experimental structure of the debris flow regulation elastic barrage
was installed in the Mleta riverbed in September and October of 2022;

e In May 2023, turbulent debris flow was formed in the Mleta River gorge bed, and the flow affected
the experimental model of the debris flow regulation elastic barrage with a dynamic impact force. The
structure did not collapse and is operable to date proving its reliability.
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INTRODUCTION

Protection of the environment and maintenance of ecological balance is the primary task, for which it
is necessary to rationally use natural resources, preserve and improve its components.

Among the components of the environment, the most common and important are water resources,
which can be used by building reservoirs. We should consider the reservoir as a factor of human well-being
and the development of the public economy, which depends on the impact of the environment. The creation
and operation of water reservoirs leads to undesirable and inevitable changes in the environment, including
the deterioration of water quality, which is caused by a sharp decrease in the speed of the river and the
inevitable accumulation of pollutants; by reducing self-cleaning possibilities; with the increase of eutrophic
processes, etc. [1,2,3,4].

The content of dissolved oxygen in water (O, mg/l) depends on two groups of processes taking place
in the reservoir: water enrichment with oxygen and reduce oxygen in water. Oxygenation depends on
photosynthesis of algae, which in turn depends on temperature and light. Therefore, the amount of oxygen in
the upper layer of the reservoir water, which is illuminated and warmed, is greater than in the depth. Water
enrichment with oxygen is also carried out by absorbing oxygen from the atmosphere, this process is
enhanced by water currents and wind in the reservoir.

The reduction of oxygen depends on the respiration of aquatic organisms, the decay of organic matter,
and the oxidation of inorganic and nitrogenous matter.

Carbon dioxide (COy) dissolved in the water reservoir is distributed free and in the form of ions, it is
formed from the atmosphere by oxidation of organic residues in water and soil and respiration of aquatic
organisms, during which the carbon dioxide formed joins water and is transformed into carbonic acid -
COz+Hz; < H2COs. The regime of CO; in the reservoirs is determined by the water flowing from the
tributaries and the vitality of zooplankton, the temperature regime of the water and biochemical processes.

The active reaction of water in reservoirs depends on the ratio of different forms of carbon dioxide in it.

ca’*, Mg, Na', K*, HCO3, SO, % and CI™ - ions play an important role in the formation of water
guality in reservoirs.

In reservoirs, biogenic elements are formed from phosphorus and nitrogen compounds. Phosphorus is
the most important element for the development of life in the reservoir. It exists in water as phosphate of
phosphoric acid compounds. An increase in the amount of phosphate indicates the pollution of the reservoir.
Nitrogen is one of the necessary and important biogenic elements. In reservoirs it is found in the form of
ammonium nitrogen (NM), nitrates (NO3) and nitrites (NO) ions. The increased amount of ammonium
ions is explained by the discharge of domestic and industrial polluted water into the reservoir. Waters
flowing from agricultural lands are also promoted.

The composition of the water in the reservoir depends on the self-cleaning ability of the reservoir, the
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intensity of which is determined by a number of factors - the vital activity of bacteria, fungi, algae, animals
and microorganisms, solar radiation, water acidity, temperature and intensity of water change. Self-cleaning
of mountain water reservoirs is more intensive by diluting them multiple times with clean water. In the
middle part of the mountain reservoirs (in deep water), the self-cleaning processes are sharply slowed down,
these processes are more intense near the shores - in the area of the agora on the slope of the waves. The
dynamics of self-cleaning processes in reservoirs depends on the mixing of water during storms, periodic
emptying-filling of reservoirs, flushing of reservoirs, water falls, chemical and physical processes,
precipitation, ion exchange of water, sorption of polluting substances, biological self-cleaning, generation of
free oxygen, etc. There are two types of water exchange processes in reservoirs - external water exchange
and internal water exchange. The value of the external water exchange coefficient of the full volume of the

reservoir (K{') is determined by the relationship:

out __
K ful _Wrunoff

/Vful1 (1)

where W is the volume of water flowing into the reservoir.

runoff

Accordingly, the value of the external water exchange coefficient of the useful volume of the

out

usefur) 1S determined by the dependence:

KOut :W

useful runoff

reservoir (K

/ Vuseful’ (2)

The present paper deals with the investigation of water quality and water change in reservoirs, in
which the assessment of the hydro-ecological condition of one of the important reservoirs in Georgia -
Thilisi Isani-Samgori filter station.

MAIN PART

Thilisi Reservoir is the main node in the Zemo Samgori irrigation system complex. The reservoir is
of filling type, created at the base of three saline lakes - Avlabari, Kuki and llgunyan, and is fed by the river.
Through the main channel of lori Zemo Samgori - flow - 130 m3/s and from the Zhinvali reservoir - flow -
9.8 m¥s, fig. 1,2. The depression formed by the lake basins stretches from the northwest to the southeast, 8
km long and up to 2 km wide, maximum depth - 35 m, average - 26 m. Its bottom is filled with deluvial-
proluvial sediments, is represented by clay and is bounded by flat terraced elevations. The design total
volume of the reservoir is 308.0 million m®, useful volume - 155 million m®. Due to the negative events that
developed in the 70s of the last century (water filtration from the perimeter of two earth dams and flooding
of Thilisi residential district - TMC), the water level was reduced by 10.0 meters - from 548.0 m to 538.0 m.
The maximum full capacity of the reservoir The volume has decreased and is 215.0 million m®, and useful -
65.5 million m*. The reservoir was created in the hollow of the former Lake Avlabari with two concrete
dams 9 and 12 m high and two earth dams 10 and 12 m high. The structure includes sandstones and shale
clays of Tertiary age. Its southern part is covered by Quaternary sediments. In the northern part, near the
surface, there are karst rocks. The main rocks are represented by sandstones, argillite and siltstone rocks.

The Don mode is non-stationary. The processing depth is 13 m, fig. 2. The wind disturbance is
directed along the reservoir. Wind speed is 23-24 m/s, wind speed - 2.55%, wave height - 1.2-1.4 m. Anxiety
is characterized by strong irregularity. The intake of water in the lower irrigation main channel for irrigation
is carried out in the south-eastern part of the reservoir, with a tower-type water intake. In the same area,
water is taken for the drinking water supply of Thilisi and Rustavi.
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Fig. 1. Joint operation scheme of Sion, Thilisi and Zhinvali reservoirs
1 - reservoirs; 2 - channels; 3-watershed of river basins; 4-aqueducts; 5 - Hydroelectric power station.

The curves of the Don regime, volume and mirror area of Thilisi Reservoir are shown in fig. 2, and the
morphometric and water change index of the reservoir in Table 1.
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Table 1

Reservoir level
The volume of the mark. N m External water exchange coefficients Reservoir
reservoir ! type
according to
nfl, avl, the tide
Full volume Useful volume
Name of the m m
reservoir Useful R o .
, R v3 - — O §
No Full Vs, Vise, min o %‘E _ - S o N %"E E S 8’ c
min m3 3 T .2 3 68 |8S2 § ©8o
m B8L 3 P 88 3 25 8
=g E N 8° g =S % g E < g
] c o > 39X > S
o S ES‘ 3 o g 3
Z=a
1 2 3 4 5 6 7 8 9 10 11
1 |Thilisi (Project)| 308,0 155,0 548,0 535,0 1,69 0,59 5,61 0,18 11
1% | Thilisi (actual) | 215,0 65,0 538,0 535,0 1,18 0,85 2,35 0,43 11

2022 to assess the water quality of Thilisi Reservoir. Field studies were conducted in January and
July, during which water samples were taken on the pre-planned profile (I-1) of the water reservoir, from
which the city is supplied. Thilisi and Rustavi with drinking water, Fig. 3. The results of chemical analysis of
water from the Thilisi reservoir are presented in Table 2.

Concrete

Dams Spiltway from the Zhinvali

reservoir

N

Spillway from the Paldo

Canal

Fig. 3. Location of water sampling from Thilisi Reservoir, I-1 sampling profile

Table 2

Dynamics of the chemical composition of water in the Isani-Samgori filter station of the Thilisi
reservoir according to the period of the year (2022) (Profile I-1)

Unit of . Number of
L Normative| Results .
Ne | Research indicator measure- . Normative
no more | obtained
ment document
1|2 3 4 5 6 7
Organoleptic indicators
05.01 1 1 0
05.07 2 Smell 20°C, 60°C Ball 1 0 3351-74
05.01| 2 1,0 0
05.07 2 Taste 20°C Ball 10 0 3351-74
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EIT O | o [0 TS0 T o
828; jl Turbidity O/ - 13’:353 7027-1:2016
General indicators
8:8; :1 Hydrogen Index PH 2232 3% 10523:2008
828; :1 Permanganate oxidation 813' 2 82471 8467:1993
828; 771 Dry balance mg/l 1888 ;iig 18164-72
Inorganic substances
e I S p—
o7 g Boron (B toa mg/l 32 gi; 11885:2007
828; 11(?1 Arsenic (As, total) mgl/l ggg 888i 11885:2007
05.01/11 Silver-water 0,0005 0,0002 | "AGILENT" method
05.07|11* (Hg, inorganic) Mg/ 0,0005 0,0002 | of the manufacturer
wois e | ™ oo | usesa0r
L R NPV . L 30 e
oTie] (o, Tot) mol o o0t 11885:2007
s o7l (Nri],l(':ll'(stlal) mg/l 31 gggi 11885:2007
L =
05.01| 17 i 45 0,34
05.07|17*| (short eglctrsitre; onoy| MY 45 0,36 10304-1:2007
05.01| 18 h;;:g;zzfep)l;zlilngze)d gl 3,3 <0,075 10304.1:2007
05.07|18* 3,3 <0,075
828; 11:1 Selenium (Se, total) mg/I 8881 zgggi 11885:2007
8:8; 22(())1 Copper (Cu, total) mgl/l i 888; 11885:2007
8:8; 22111 Lead (Pb, total) mgl/l 883 8882 11885:2007
8:8; 22221 Fluorides (F) mg/I 8:82 8:83 10304-1:2007
8:8; 22331 Chrome (Cr®") mgl/l 81 28881 11885:2007
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05.01] 24 . 0.05 <0002 .
05.07[247 ~ “eium(Sh) mg/l o5 T <0001 11885:2007
05.07/25t  Cyanides (CN) mg/l o <0.008 | HACH Method 8027
05.01| 26 500 65,37

It 3 ! : 10304-1:2007
05.07126 Sulfates (SOs) mg/ 200 5575 030 00
05.01] 27 _ 350 274 .
05,0727  chordes(C) mg/ 250 508 10304-1:2007
05.07/28! Overall stiffness mg-equi/I - 3.05 6059:1984
05.01[ 29 - _ - 131 .
05.07|29" Alkalinity mg-equi./I - 208 9963-1:1994
05.01| 30 . ) 37.39 |
507301  caldum (Ca) mg/I - et 11885:2007
05.01] 31 _ - 66 .
o5.07/31%]  Magnesium (Mg) mg/I - 858 11885:2007
05.01[ 32 _ - o1 .
5073z  Sodium(Na) mg/l - 1073 11885:2007
05.01|33 ) N 1 <0001 |
0507033 @) mg/l . 0,003 11885:2007
05.01| 34 0,3 0,005 .
os.073q  '"on (e total) mg/l 03 0,007 11885:2007
05.0135 ; 3+ 0,5 0,01 _
05.07[35 Auminum (AT) mg/l 05 515 11885:2007
05.01| 36 - ) _ 11 |
05.07|36* Silicon (Si, total) mg/| - 10 11885:2007
0501 37 3- 3,5 <0,2 .
0507137 Polyphosphates (POs™) mg/I 35 <03 10304-1:2007
05.01|38 ) ) 3 <20 |
05.07|38? Weighted particles mg/I - % 1SO 11923:1997
05.01] 39 Dissolved oxvaen ma/l - 91 HACH Method 8166
05.0739° " ) : 9,0 (IS0 5814)
0501140 cop (Chemical oxygen - 1,21 HACH LCK500

demand) mg/l The maker's method
05.07/40* ) 15
05.01/41| BOD (Biochemical mg/l - 0,81 1SO 5815-1
05.07laf]  ©xygen demand) - 0.03 The maker's method
05.01/ 42 _ - - 21
05.071222 Electrical conductivity uS/cm - 338 ISO 7888

Organic substances
05.01) 43 .. 0,05 <0,0044 _
05.0723 Total pesticide content mg/I 0.05 <0.0044 6468:1996
05.01| 44 0.3 <0.04
petroleum products, total mg/I ’ ' 9377-2:2000

05.07|44! 03 <004
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05.01| 45| Surfactant substances, 0,1 <0,1 _
05.07|45! anionic agents mg/l 0,1 <0,1 7875-1:1996
Microbiological indicators
05.01| 46 Total coliform b ) MPN 10000 1652 0308.2:2012
05.07|agt| TOt®! coliform bacteria |-, 5 10000 1396 -
05.01] 47 1in - 170
Mesophilic aerobes and A
. milliliter, :
05.07|47*| facultative anaerobes . - 50 6222:1999
37°C
05.01| 48 - lin - 290
Mesophilic aerobes and milli:iter 6222:1999
05.07|48'| facultative anaerobes 2900 ’ - 125 '
05,049 | g o0+ coccus faecatis |MPN 20000| - 't]‘c'gzsngm 7899-1:1998
0507129 milliliter - 22 ENTEROLERT E
It was not
05.01/50 Salmonella lin | Not allowed found 19250:2010
05.07/50" Not allowed It was not
found
It was not
05.0)51 . . 100 found 4.2.1884-04
Coliphages linl 100 1 was ot
1
05.07|51 found
Parasitological indicators
05.01| 52 Number of |Not allowed It was not
05,0752 Cysts of lamblia i,iy;; Not allowed|  found 4.2.1884-04
05.01| 53 Cysts of dysenteric Number of |Not allowed It was not
05.07|53" amoebae if]yzsésl Not allowed|  found 4.2.1884-04

CONCLUSIONS

Thus, the gaseous regime in the Isani-Samgori filter station of the Thilisi reservoir is determined
mainly by the oxygen regime, which depends on the high amount of dissolved oxygen (0.2>9.1 mg/l), which
is connected with the high value of water exchange of the reservoir water (the water exchange coefficient of
the full volume is K™ =1.2 and of useful volume — K, "**=2.35 - times/year). A high value of oxygen
determines the decomposition of anaerobic products (ammonia, hydrogen sulfide) and the redistribution and
accumulation of chemical elements (iron, phosphorus, zinc, manganese, etc.) at the bottom of the reservoir.

Mineral and organic substances enter the Thilisi reservoir mainly from river and surface runoff -
from agricultural fields and industrial areas. Water samples of the Thilisi reservoir, which were taken on the
profile, from which water is supplied to St. In the drinking water supply of Thilisi and Rustavi, the chemical
indicators of a number of elements do not exceed the norm, except for the fluoride (F) indicator, the amount
of which is 0.09 mg/l in winter and summer (normative <0.05 mg/l) and the total coliform bacteria, the
indicator of which , both in winter and summer exceed the norm - 1659 - in January, in winter - 1396
(normative - 1000).

The amount of some elements increases in the summer, but is within the normative limits, such as:
nitrates - 0.34 mg/l in winter, 0.36 mg/l in summer; copper 0.001 mg/l in winter, 0.002 mg/l in summer;
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Lead - 0.001 mg/I in winter, 0.004 mg/l in summer; barium - 0.02 mg/l - in winter, 0.03 mg/l - in summer;
magnesium 0.002 mg/l - in winter, 0.01 mg/l - in summer; Chlorides - 4.74 mg/l in winter, 5.05 mg/l in
summer; total hardness index - 2.41 mg-eq/l in winter, 3.95 mg-equi/l in summer; Alkalinity index - 3.05
mg-equi/l in winter, 1.31 mg-equi/l in summer; Calcium - 37.39 mg/l in winter, 65.5 mg/l in summer;
magnesium - 6.6 mg/l in winter, 8.28 mg/l in summer; sodium - 9.1 mg/l in winter, 10.73 mg/l in summer;
iron - 0.005 mg/I in winter, 0.07 mg/l in summer; Aluminum - 0.01 mg/l in winter, 0.18 mg/l in summer; The
amount of weighted particles - 2.0 mg/l in winter, 8.2 mg/l in summer.

On the contrary, the amount of some elements is higher in winter than in summer, these are: boron -
0.21 mg/l in winter, 0.17 mg/l in summer; Arsenic - 0.002 mg/l in winter, 0.001 mg/l in summer; Stibium -
0.002 mg/l in winter, 0.001 mg/l in summer; sulfates - 65.37 mg/l in winter, 58.75 mg/l in summer; zinc -
0.001 mg/l in winter, 0.003 mg/l in summer; silicon 1.1 mg/l in winter, 1.0 mg/l in summer; dissolved
oxygen - 9.1 mg/l in winter, 9.0 mg/l in summer; Coliform bacteria - 1652 MPN - in winter; 1396 MPN - in
summer; Aerobes and anaerobes at 37 °C - 170 kc/ml - in winter, 50 kc/ml - in summer, and at 22 °C
respectively - 290 kc/ml in winter, 125 kc/ml - in summer. As for the parasitological elements in the
intersection of the Thilisi reservoir, from which water is taken in St. It was not found in the drinking water of
Thilisi and Rustavi.
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INTRODUCTION

Human civilization thrives during challenging periods, such as global climate changes and
microclimatic shifts, which directly impact the sensitivity of territorial regions and the population density.
These phenomena intensify geophysical processes and lead to a substantial increase in population.

According to the United Nations, more than 10% of the Earth's land surface is affected by various
extreme events. At the same time, their number, intensity and repetition are increasing and they appear
where they have never been before.

Considering that around a billion people inhabit extremely sensitive areas, it becomes evident that
extreme events significantly impact their lives. These events are more frequent and intense, and their
recurrence is more pronounced, leading to considerable socio-economic consequences. To illustrate, densely
populated urban centers, numerous major metropolitan areas, and expansive agricultural regions suffer losses
equivalent to 10-15% of their national income. In the last 30 years, extreme events have been documented to
have surged fourfold in the United States.

This underscores the reality that, despite escalating investments in infrastructure development and
improved preparedness for extreme events, the frequency and severity of such occurrences continue to grow.
There is no guarantee that human populations will be better equipped to withstand these challenges.

MAIN PART

The primary cause of extreme events is the convergence of multiple geophysical factors, including
force and velocity, in practical terms, which leads to a heightened level of vulnerability.

In the context of emergencies, this becomes one of the causes of the unexpectedness of these extreme
phenomena is inadequate consideration of physically grounded models of fluctuations of runoff, evaporation
and rainfall, in particular, the beat-and-moisture exchange instability of evaporation from the surface of river
basins, leading to auto fluctuations of moisture reserves in the basin and river runoff [1].

At present for standard treatment of time hydrological series use is made of distributions from the
family of exponentials [5]. In other words, according to the central limit theorem of the probability theory,
the water level in rivers assumes values conformably to the Gaussian distribution. And in this case in more
than 99.7% of occurrences the random value (tails of distribution) deviates from the mean value less than by
3s (standard deviation), and rarer from the limit 5s in one case in a million. This means that one may
disregard very great events when the random value reaches values sufficiently higher than average, as
practically impossible, i.e. the tail of distribution corresponds to the so-called hypothetical floods, the
possibility of whose occurrence is not taken into consideration in practice [2].

The above approach means that from the standpoint of the thermodynamics of irreversible processes,
description of long-term fluctuations of river runoff by linear equations presupposes steady stability of the
hydrological system over the entire range of its parameters, and does not take into consideration the
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specificity of hydro physical processes in the catchment area, which under definite conditions may lead to
extreme phenomena [3].

At the same time, an overwhelming majority of hydrodynamic systems, at a definite distance from the
state of thermodynamic equilibrium, represent instabilities with essentially nonlinear effects and they do not
vanish at averaging. Even small nonlinearities in a dynamic system appreciably alter precisely the tails of
distributions, and the assessment of the probability of catastrophic phenomena.

A river basin constitutes a complex system whose state depends on inter-influence of many, also
interdependent, climatic and hydrological factors. The runoff depends on the moisture reserve; moisture
reserve itself depends on precipitation and water-permeability of the soils of the basin, which in turn depends
on porosity, composition, heat conductivity, heat capacity, humidity, etc.; in their turn, these factors affect
the temperature of the earth surface and the close-lying layere of air, and accordingly the value and intensity
of evaporation, etc.

The mechanism of the interinfluence of moisture reserve and evaporation is connected with the
considerable difference of the thermophysical properties of water and the dry components of the soil.

The heat conductivity of dry porous soils totals 0.24-0.40 J, heat capacity 0.80 J, and for water 0.60 J
and 4.19 J, respectively.

At humidification, air of small heat capacity and small heat conductivity is ejected by water, the land
layer heats up slowly and cools slowly. Hence the land temperature depends directly on the moisture reserve
of its active layer, the depth of which in turn depends on the depth of penetration' of heat waves, on the
average amounting to 10m. Therefore, at humidification of soils, their thermodynamic condition changes: the
considerable difference between the thermophysical properties of water and dry soils tells on the mechanism
of the influence of moisture reserve on the rate and magnitude of evaporation. Numerous experimental
investigations of the dependence of evaporability on the degree of humidification of the territory (moisture
reserve) confirm the above said. It has been established also that evaporation from a unit of surface of earth
saturated with moisture is 50% greater, on the average, than from a reservoir situated on this territory [4].

As is known, the elasticity of water vapors depends exponentially on temperature and the effects of
heating are more important than of cooling, while the elasticity of water vapors is an increasing function of
the amplitude of temperature fluctuations. As is known, the elasticity of water vapors depends exponentially
on temperature and the effects of heating are more important than of cooling, while the elasticity of water
vapours is an increasing function of the amplitude of temperature fluctuations. An analogous picture is
observable for evaporations as well. Therefore, the greater the differences in temperature, the stronger the
evaporation of water from land surface; the increase of evaporation in turn leads to a still ,greater
temperature difference, i.e. a positive feedback is observable, leading to a temperature instability of
evaporation. Physically this means that at a definite reserve of humidity the river basin may progressively
accumulate water, at unchanged quantity of precipitation.

Water permeability of unsaturated soils also grows exponentially with the increase of humidity.

The so-called "soil paradox" is known, connected with a different mechanism and specific
peculiarities of movement of moisture in dry and moist soil.

According to the general phenomenological law, transfer of substances and energy occurs in a
direction opposite to the gradient of the motive force that is directed from smaller value to greater.

In application to dispersive media, to which soils belong, the motive forces constitute the pressure
gradient of soil moisture, which causes the transition of water in the soil — from point of greater pressure to
that of lower and on which the coefficient of moisture conductivity depends, i.e. the capacity of soils to
conduct moisture, which in its turn is a characteristic of the material state, composition and saturation of
soils.

In the course of movement of water the pressure gradients between the moist and dry pats of soil are
almost equal for both less dense and more dense soil. Absorption of moisture is primarily determined by the
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capacity of the soil to conduct the flow (coefficient of moisture conductivity). In dry soil, in an area of a
higher pressure of moisture (pressure is a negative value) the coefficient of moisture conductivity of dense

soil is several times higher (and occasionally by orders) higher than of a loose one. This coefficient is
not constant for each soil, but depends on the pressure of moisture in the soil,  this dependence being of
nonlinear character. It is this coefficient that determines the well-known soil effect: the drier the soil the
lower its moisture conductivity; at the same time moisture conductivity increases with increased
compactness [4].

Therefore water moistens a compact soil quicker, and moves slowly along a loose one. In soil already
moistened the movement of moisture has a reverse dependence. Thus, the specific dependence of moisture
conductivity on water pressure leads to specific effects, which are of major practical value, in particular the
rates of moisture saturation of water basins with which the formation of runoff and its magnitude is directly
connected.

The larger the volume of a river basin the longer the process of its moistening over time. In application
to large basins this process may be drawn out over months and more.

Naturally, the movement of maximum moisture capacity (maximum reserve moisture) will also be
extended in time. At the same time, the more compact the soils the quicker this process passes. How much
heat arrives in the atmosphere in latent (evaporation) or overt (turbulent stream of heat) form depends on the
extent of moistening of soil, as well as on the temperature of the soil itself. Experiments in which the
influence of soil moistening on the microclimate of the territory showed that great evaporation from soil
exerts a direct influence on the circulation of the atmosphere and rainfall. At the same time, humidity, once
arisen, is capable of preserving itself in definite conditions at the expense of precipitation, formed at the
expense of evaporation and in this case major rainfall may lead both to explosive accumulation of moisture
and to an increase of runoff at the expense of surface waters.

Even under a small change of the random value, the amplitude of fluctuations of the process near an
equilibrium state may reach very large values. Consequently, river runoff and moisture reserve of the river
basin may change also with a wide range under the influence of many variable random factors. At the same
time it is natural to presume that there exists a reverse interrelationship. In the aggregate, the above-said
exerts a substantial influence on the formation of the climatic characteristics of the basin. The physical
mechanism of this may be accounted for by the fact that if there is a small quantity of rainfall for a number
of years, the moisture reserve of the active layer will fall drastically, while its heating will accordingly
considerably increase because of the reduction of effective heat volume. This will lead to still greater
diffusion of moisture in the atmosphere, and the strongly heated surface of land may turn the falling rain into
vapor while still in the atmosphere. Naturally enough, such mutual influence must be of nonlinear character.
The wide range of change of the thermophysical properties of catchment areas is one of the causes of
fluctuations of moisture reserves; at cyclic change of the amount of precipitation the amplitudes of variations
of moisture reserves and runoff may grow drastically. A large amount of precipitation will increase the
reserve of moisture and reduce the intensity of evaporation, i.e. both factors act jointly, which may lead to an
explosive accumulation of moisture in the basin [5].

The growth of moisture reserve increases the heat capacity and heat conductivity of the catchment
area. Therefore, at an unaltered arrival of heat the catchment heats up weaker, evaporation reduces and the
water saturation of the catchment increases, i.e. evaporation may decrease with the growth of moisture
reserve, as a considerable part of solar heat will be spent not only on evaporation but on heating the
increasing volume of water.

Thus, the two major factors entering the equation of the balance of a river basin: increase of moisture
reserve and decrease of resistance to movement of water in the basin, as well as all other numerous factors,
are not independent but are interconnected and in active mutual influence. Obviously, the random process of
runoff fluctuations cannot be Gaussian. Naturally, if precipitation follows the Gaussian law, then the "heavy
tails" of distribution, in the emergence of which many interconnected factors take part, are formed by
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mutually influencing processes at the catchment. The behavior of moisture reserves river runoff, evaporation,
temperature fluctuations of the surface of soils are of auto fluctuation character. Therefore, description of
long-term fluctuations of the river runoff by linear equations cannot be satisfactory from the physical point
of view, as their solutions, according to the thermodynamics of irreversible processes presuppose that a
hydrological system never loses its stability over * the entire range of change of its parameters.

At the same time, the overwhelming majority of physical systems, at a definite departure from the
state of thermodynamic equilibrium, constitute instabilities with substantially nonlinear effects, and at
averaging they do not disappear; while the hydrogeological system (including the river basin)
correspondingly is also in a constables state. Therefore, the behavior of the average values of moisture
reserves, amplitudes of temperature actuations, evaporation and other parameters have an autofluctuation
character. In view of this, from the physical standpoint, description of long-term fluctuations of river runoff
and prediction of extreme floods cannot be carried out on the basis of linear equations (laws).

Even nonlinearities in a dynamic system appreciably alter precisely the tails of distributions, and
consequently, the assessment of the probability of catastrophes. Increase of the potential energy of water and
decrease of resistance to its movement in aggregate lead to a nonlinear increase of discharge, i.e. increase of
moisture reserve and decrease of the resistance of water movement in the basin are mutually dependent, and
the random process of runoff fluctuation is not Gaussian. In the period of heavy rainfall resistance to water
movement may diminish so much that the runoff will be formed not only at the expense of the last
precipitation but at the expense of preceding rains that had not entered the river because of great resistance.
Naturally enough, in this case too only precipitation follows the Gaussian law, while extreme phenomena
must be subject to step-by-step distribution.

Thus, a river basin obviously constitutes an oscillator generating fluctuations of moisture reserves and
river runoff, by which the asynchronous and synchronous fluctuations of river runoff may be accounted for.
The physical cause of this is the strong dependence of the coefficient of resistance of the river basin on
moisture reserves.

Numerous full-scale studies have demonstrated that the extreme of moisture reserve in a river basin
lag by one to two years from the extreme of runoff, while river waters constitute a mixture of various age,
primarily underground waters, aged 10-12 years. The formation of river runoff is also closely linked to the
magnitude of precipitation (frequency and volume) and the regime of evaporation from the surface of its
basin.

The complexity of the variability of hydrological processes and the mutual influence of the numerous
factors participating in them should be really taken into account in physic-mathematical models rather than
applying them as formal statistical characteristics (average dispersions, correlation functions, etc). In order to
give a correct description of hydrological items one should bear in mind the non-equilibrium of the
thermodynamic processes of heat exchange and moisture and their nonlinear character.

An anomalously large number of extreme have been discovered in the time series of runoff. It is by
this effect that V. Naidenov accounts for the phenomenon of the drastic rise of the level of the Caspian Sea.
On the basis of an analysis of over 50 stations, he has ascertained that over decades the content of moisture
in the active layer of soil in the river basin of the Caspian is constantly increasing, with simultaneous
decrease of evaporation. Having accumulated moisture the Caspian basin began to give it away to the sea,
which found expression in a drastic increase of the runoff of rivers and rise of the water level [6].

The American statistics of catastrophic phenomena (tornadoes, earthquakes, floods, hurricanes) shows
that the data obtained practically exactly obey stepwise statistics, which is distinguished for the fact that
major phenomena taking place at the tail occur much more frequently than at normal distribution, i.e.
catastrophic floods are not extraordinary events but have a sufficiently high probability.

The table 1 presents some catastrophic floods the recurrence of which took place over the past one
hundred years, and the probabilities of their recurrence, calculated by gamma and stepwise distributions [7].
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table 1
Probability of flood (years) Probability of flood (years)
Name of river By gamma By stepwise Name of river By gamma By stepwise

dist. Distr. distr. distr.

1 2 3 4 5 6
Neva 3000 256 Terek 406 106
Yangtze 667 367 Kuma 28000 85
Missouri 121 38 Podkumok 8800 102
Western Dvina 526 88 Elbe 1000 100
Kuban 1000 70 Volga 260 46

Thus, in designing hydraulic engineering structures consideration should be made of statistics that is
described by stepwise distribution; the more so that the expenditure on the building of structures becoming
more expensive cannot compare with the possible future damage.

However, even optimally designed for maximum possible high waters, engineering structures cannot
ensure reliable protection from floods. The cause of this is the growing rates and scale of anthropogenic
impact on the natural environment.

The psychological factor is of special importance in this. After the construction of these or those
hydrotechnical systems and structures, in people living in the immediate vicinity or on territories subject to
floods there arises confidence of security. It is in such areas that new lands are developed, residential
buildings and industrial enterprises are erected, roads are built, etc. Attention is not given to the possibility of
a new, greater flashflood, the rise of which they themselves contribute to with their activity.

Constant enhancement of the reliability of engineering flood control measures, with all its
attractiveness, has its limit, for it is connected with a drastic increase of its size, volume of work,
complexity of technological processes, which in the final analysis leads to such an increase of expenditure
that are unaffordable even to the majority of developed countries.

Therefore, such combination of engineering and non-engineering methods should become an
optimum solution in whose selection maximum account is taken of the natural and economic peculiarities of
the territory and which are implemented not at local sections of the catchment but throughout the territory.

CONCLUSIONS

The multifaceted nature of water-related disasters is predominantly influenced by various factors and
typically results from the confluence of different extreme events (floods, landslides, hailstorms, and others).
This complexity adds to the challenges associated with the overall impact of these disasters, including
infrastructure damage, vertical and horizontal displacement, plasticity, casualties, internal displacement,
critical vulnerability, and others. In addition, these disasters are compounded by significant contributors such
as earthquake, storm, drought, etc.

It is worth noting that predicting the timing, speed, and intensity of extreme events constitutes a
formidable challenge. Even in the realm of non-precise mathematical models, the accuracy of forecasting
remains within the range of 50-60% in practice.

As for the present day, the practical possibility extends to the recording of only two facts - the
occurrence of sensitive areas and extreme processes' identification. Georgia is situated in an area
characterized by a particularly sensitive location, closely monitoring extreme events such as floods,
avalanches, landslides, and similar occurrences, especially in the regions of Samegrelo, Svaneti, Gurjaani,
Racha, and Gori.

To prevent and respond effectively to extreme events and related emergencies, establishing
comprehensive databases and a geoinformation system (GIS) with accessibility for the public is imperative.
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An important detail should be considered here: the current approach, which involves the investor
drawing up the project, financing it and preparing an expert opinion, which hides the danger of adapting the
project to the client's interests. Examples of such an approach are - imposition of taxation on the private
investor, processing and subsequent approval by the private investor.

In the context of maximum risk, it is imperative to enforce legislation that prohibits any commercial
activities, including land sales, on sensitive territories, regardless of the ownership, the type of construction,
or any other activities.

As Academician Tsotne Mirtskhulava aptly pointed out, "There is no guarantee of safety after any
extreme event" [8].
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INTRODUCTION

Kvemo (Lower) Kartli region is located on the borders of semi-desert, dry subtropical and high
mountain alpine zone. The landscape is mainly represented by fields and forest-fields. The Kvemo Kartli
region is located between the temperate and subtropical zones; the climate in the Kvemo Kartli region is
quite dry, which is determined by the peculiarity of the terrain.

Marneuli municipality is located on the bank of Algeti River and is bordered by Bolnisi municipality
to the west, Tetri Tskaro municipality to the north, Gardabani municipality to the northeast, Azerbaijan and
Armenia to the south.

Table 1
Agroclimatic Indicators of Marneuli Municipality
Agroclimatic Months
Ne Characteristics
[ 1 11 v Vv VI | VII | VI IX X X1 | Xl
1 | Duration of sunlight (hours) | 147 | 144 | 192 | 216 | 256 | 287 | 312 | 288 | 230 | 188 | 141 | 119
2 | Average air temperature | 0.0 | 1.9 | 6.0 | 115 | 16.8 | 20.6 | 22.9 25" 19.0 | 13.4 | 7.0 | 1.9
g | Absolute maximum air 20 | 23 | 27 | 31 | 34 | 37 | 39 | 40 | 37 | 33 | 27 | 24
temperature
4 | Absolueminimumair 1 ool g9 | g5 7 | 4 | 4 | 7 | 7 | 4|7 |02
temperature
5 Total atmospheric 21 | 26 | 38 | 56 | 75 | 73 | 37 | 30 | 40 | 41 | 40 | 19
precipitation (mm)
Number of days with >0.1
6 mm atmospheric 51 70|89 |105|132|112| 76 | 61 | 74 | 80 | 76 | 6.3
precipitation
Number of days with strong
7 wind (>15 m/s) during the 23 | 2.2 19 | 21 | 17 | 14 11
warm period

Marneuli municipality is characterized with moderately dry subtropical warm steppe climate. The
average annual temperature is 12°C, and 0-0.3°C in January, 23.9°C in June, an absolute minimum is
10.3°Cand an absolute maximum is 40°C. The average amount of precipitation per year is 490-550 mm. The
maximum amount of precipitation falls in May and minimum - in December.
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MAIN PART

As a result of the summary of climatic and soil conditions, the irrigation requirement for the
municipality was determined. For evaluation of irrigation water supply in the municipality, G. Selianinov's
method is used [1]:

Where

ZP is the sum of atmospheric precipitation for three summer months;
2.t — the sum of temperatures of three summer months. G. Selianinov emphasizes eight zones in Georgia

according to the value of the water balance coefficients:
1. Dry, especially the irrigation zone, when the water balance K < 6;

Very drought, when the water balance fluctuates within 0,6-0,8;
Droughty — 0,8-1,0;
Insufficiently humid— 1,0-1,2;
Moderately humid — 1,3-n1,6;
Humid — 1,6-2,0;
Excessively humid —2,0-2,4;
Highly humid—>2,4.
The Water Balance Coefficient, which was processed by G.T. Selivanov’s method for Marneuli

Municipality of Kvemo Kartli region, was determined using the following equation:
XpP 140

T Tei0 23250 0.6 @)

According to the obtained data, the municipality of Marneuli belongs to the Highly humid zone.

On the meadow brown soils of the Tamarisi village, the irrigation indicators of soil were studied and
determined, and the irrigation rate was determined (see Table 2), which have been studied at the Agricultural
Land Reclamation Laboratory of Agro-Engineering Department of the Faculty of Agricultural Science and
Biosystems Engineering of Georgian Technical University(maximum molecular moisture of the soil, seepage
coefficient, maximum retentive capacity and 80% of it), on the basis of which the irrigation rates and the
values of the water duty were established, and an uncompleted graph of the water duty was built, after

completing which, the water demand curve was built taking into account the relevant conditions.

© NP OA N

Table 2

Irrigation indicators of the meadow brown soil in village Tamarisi

mE _
S ‘S e 5E ® = @ %X
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S) = S £ = g o S 33
= = EDT Em ] E o
= <) == X O o X ©
3 £ s E ! 8 < ©
- = = c 2 » =

>

0-16 1.08 12.01 40,36 0.004300 32.29

16-32 1,30 13.64 34,39 0.000700 27.51

32-48 1.34 14.40 32.28 0.000610 25,83

48-64 1.40 14,09 30.25 - 24.20

0-80 1.28 13.53 34.1 - 27,28
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| Volumetric weight, g/cm3

Sample depth, cm

Sample depth, cm
Soil water retention (field capacity)

| Volumetric weight, g/cm3
Soil water retention (field capacity)
I Volumetric weight, g/cm3
Soil water retention (field capacity)

_Sample depth, cm

| Volumetric weight, g/cm3
Soil water retention (field capacity)

[ sample depth, cm

Fig. 1. Irrigation indicators of meadow brown soil
(village Tamarisi, Marneuli Municipality)

The area occupied by the agricultural fields of Tamarisi village is 720 ha. The percentage of occupied
area by each agricultural crop was determined:
a=%% )
Where
@ is an area occupied by each crop, %;
w, - area occupied by agricultural crops, ha;

w - the whole area occupied by agricultural crops, ha.
m Vegetable garden

7%

w Orchard

w Vineyard

w Maize

= Legume

= Winter wheat

« Perennial grass

Diagram. 2 Areas occupied by agricultural crops of the village Tamarisi, %

The irrigation rate has been determined:
m = 100Ha (1, — 1, go9,)M*/ha (3)

Where
mis an irrigation rate, m*/ha;
H- soil active layer, cm;
a- soil volumetric mass, g/cm?;
TR -S0il water retention (field capacity) by weight percentage;
Tz a0, - lOWer soil water retention capacity before irrigation.

The volumetric mass of the soil is obtained - a=1,28g/cm*.The soil water retention (field
capacity)rg =34,1. The lower soil water retention (field capacity) before irrigation for the plant - g =
34,1x0.8=27.28.
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The water duty for each plant (vegetable garden, orchard, vineyards, maize, legumes, winter wheat,

perennial grass.) is determined:

(vegetable garden) m;=100%0,51,28x(34,1-27,28)=436,48~400, m*ha;

(orchards) m,=100%0,8x1,28x(34,1-27,28)=698,368~700, m*/ha;

(vineyards) ms=100x0,8x1,28x(34,1-27,28)=698,368~700, m*ha;

(maize) m4=100x0,7x1,28x%(34,1-27,28)=611,072~600, m*ha;

(legumes) ms=100%0,6x1,28x(34,1-27,28)=523,776~500, m*/ha;

(winter wheat) me=100x0,7x1,28%(34,1-27,28)=611,072%600, m*/ha;

(perennial grass) m;=100x0,7x1,28x(34,1-27,28)=611,072~600, m*/ha.
The water duty, i.e. the amount of water to be supplied per unit of time (I/s per ha), for irrigating one

hectare, is calculated by the following equation:
m X1000

q = ———a %,l/s per ha, 4)

TX86 400

Nog ko P

Where
g is water duty, I/s per ha;
m — irrigation rate, m%ha;
T — crop watering period per day;
& - % of area occupied by each crop out of total area, where the sum of percentages of the area occupied by
86400-number of seconds per day;
1000 —metric conversion coefficient, m*to litters.
The data obtained as a result of the water duty’s calculation are inserted into Table 3 and, accordingly,
an uncompleted water duty graph has been built. If the same crop is irrigated on the same day, then an
uncompleted graph is created by summing the water duties of the specified crops (see Table 3 and Graph 3).
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Graph 3. Water duty’s uncompleted graph
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Taple 3

The Initial Data of uncompleted water duty’s graph

c
area S | Irrigation periods | S 2 & & '% g | Waterduty
2 o == S value
© 2 2= SE E£E
k=) e [<) o w o = o = % of
Crops 2 = S | 52 =58 8| Per
= 5 2 |0g=% BF| ha |l
ha % 7 ) ~ area
1. | 1-Iv 30-1V 30 0,154 | 0,020
1. | Vegetable 2. | 1v 31V |31 | | g |0149 0019
garden % 013 3. | 1-VI 30-VI_ | 30 | €| 8 [0159 0,02
4. | 1-vil 31-VIl | 31 ~ 0,149 | 0,019
5. | 1-vin [ 31-vin | 31 0.149 | 0.019
1. [ 1-1v 10- IV
2. | Orchard 2. | 10-v 20-V o
140 | 0,19 3. | 5V 15-VI 10| 8 3 | 0810 | 0,153
4. | 20-VIl 30-VII ®
5. | 20-vIIl | 30-ViII
1. | 20-1V 30-1V 0,810 | 0,113
3. | Vineyards 2. 5-V 15-V 10 0.810 | 0.113
100 | 0,14 3. | 10-vI 20-VI = S | 0810 | 0.113
4. | 1-vi 5-VII ~ <
5. | 25-vII 30-VII 5 1,620 | 0,226
6. | 10-vill | 20-vil | 10 0,810 | 0,113
Maize 1. | 5Iv 15-1V 10 0,694 | 0,201
4. 2. | 10-v 20-V 10 o | 0.694 | 0,201
210 | 0,29 3. | 5V 15V | 10 | S| 8 [069 | 0201
4. | 10-vIl 20-VII 10 ® 1 0.694 | 0.201
5. | 5-vil [ 15-vil | 10 0,694 | 0,201
1. [ 101V 20-1V
Legumes 2. 1-v 10-V o
5. 70 010 [3 | svi | 1swvi | 0| 8| g | 0°78 |00
4. | 10-vIl 20-VII o~
5. | 5-vil [ 15-vil | 10 0.578 | 0,057
Winter 1. | 10-IX 25-1X s | 8
1. [ 1av 10-1V
7. | Perennial 2. 20-V 30-V o
grass 50 0,07 3. | 10-VI 20-VI S S | 0694 | 0,048
4. | 1-VIl 10-VII ®
5. | 15-vIll [ 25-VIII
8. | Total 720 100 %

An uncompleted water duty’s graph shows the amount of water available for Tamarisi farm, per
hectare per time unit in I/s per ha. The graph describes which crop was irrigated in what amount of time. It is
clear from the uncompleted graph of the water duty that the water requirement during the vegetation period
is uneven. Since the irrigation network is calculated on the maximum consumption of water, during a certain
period of time the system operates with incomplete load, in order to avoid unprofitability of the system, it is
necessary to align and complete the water duty’s graph (aligning the ordinates of a graph) (see Table 4 and
Gr. 4).
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Table 4. The Initial Data of completed water duty graph

c ©
area g Irrigation periods '% % < Water duty
= Ry o =
2 .;’J? % %mg [
5 > 55 -|EE S
Crops e | o | B S £1587 gz £| =
=3 — +— [ o
£ g 5| S| 2|F g 2
°© 1= S
1 1-1V 30-IV_| 39 0,154 | 0,020
Vegetable 2 1-v 31-vV 31 o 0,149 | 0,019
1. gardens 9 | 013 | 3 1-VI 30-VI 30 |8 |8 0,154 | 0,020
4 | 1-Vii 3LVl | 31 | T |~ [0149 | 0,019
5 | 1-vin | 31-vin | 31 0.149 | 0.019
, 1 1-IvV 10-1V
: 2 10-V 20-V =
Orchards | 140 | 019 [3 [ 1-vi 0V | 19| S| @ | 0810 | 0153
4 | 20-vIl 30-VII N
5 | 20101 | 30-VII
1 | 20-Iv 30-1V
3. 2 1-V 10-V
Vineyards 3 15-VI 25-VI o | 8| 0810 | 0,113
100 1 024 = yn [ 1ovn | 0| R| §
5 | 20-VIl | 30-VII
6 | 5VII | 20-VIIl | 15 0,540 | 0,075
1 | 101v 20-IV | 10 0,694 | 0,201
4. 2 10-V 25-V o
Maize | 210 | 020 [ 3 | 1ovi | 25vi | 15 | S| 8 | 0462 | 0134
4 | 10-VII 20-VII 10 “ | 0,694 | 0,201
5 | 5VIII | 20-VIIl | 15 0,462 | 0,134
1| 151V 25-1V
2 10-V 20-V o
5. Legumes 70 | 0.10 | 3 1-VI 10-VI 10| 8| B 0578 | 0057
4 | 10-VII 20-VII A
5 | 1-vill | 10-VII
o
6. | Winter wheat | 60 | 0,08 ! 10-1% 251X 3 & | 0462 | 0,037
2 1-1vV 51v | | ©| -
1 1-1V 10-1V
7. Perennial 50 2 20-V 30-V o
grass 007 [ 3| 15VI | 25vI | 10 | S| S| 0694 | 0048
4 | 1Vl 10-VII
5 | 20-VIIl | 30-VIII
8 Total 720 (100 %
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Graph 4. Completed water duty graph

The mentioned graph generally shows the required amount of water per unit of time for the entire area
of Tamarisi village and its variation throughout the vegetation period. The amount of water (I/s per ha)
needed for Tamarisi farming was determined based on the completed graph of the water duty and a water
demand curve was created.

The amount of water supplied for farming was determined as follows:

Qnet=0X® (5)
where Qnet is the water flow supplies to the irrigation area;
g — maximum ordinate of the completed water duty graph, I/sec per ha;
o — irrigation area of the farm, ha.

The total area of the farm, in turn, consists of the irrigated plot, which is directly occupied by
agricultural crops, including an unused area, which contains canals, roads, hydraulic engineering, civil and
industrial structures, windbreaks, gullies, etc. The area given in the article represents the irrigated area.

Crop Water Requirement (CWR) calculated by all ordinates of the water duty graph (equation 6) is the
net water flow, which must be directly supplied to the irrigated area. The water requirement calculated for
the entire vegetation period will be applied to the completed graph of the water duty. The gross flow from
the water source of irrigation water takes into account all losses (seepage, evaporation, etc.) that reduce the
volume of water supplied. These losses are taken into account by the so-called irrigation efficiency for the

irrigation system. (ie), which depends on the type of irrigation system and its technical efficiency:

Quross = c’:*"l/s ha 6)

where
Qgross are losses of irrigation waters from canals of irrigation system due to see page, evaporation and etc.;

n-is irrigation efficiency (ie) of internal farmin system.

Since the irrigation network is lined, therefore the system's irrigation efficiency is equalled to 7= 0.75.
Table 5 represents the net and gross water flow values required for Tamarisi farming, and a water demand
curve is created accordingly (see graph 5).
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Table5
Irrigation water flow required for farming
Net
Irrigation Ma_ximum Farm area water _ Gross water
period ordinate of Iis per ha’ flow, i.e. flow,
water duty I/s per I/s per ha
ha
1/ 1V -10/1vV 0.221 159 212
10/ IV -15/IV 0.315 226 302
15/1V -20/ IV 0.278 200 266
2 0/IV- 301V 0.113 82 109
1/V-10/V 0.113 82 109
10/V-20/V 0.308 221 295
20/V-25/\V 0.258 185 247
25/ V-30/V 0.124 89 118
1/VI1-10/VI 0.230 216 288
10/VI-15/VI 0.154 110 147
15/VI-25/V| 0.315 720 226 | 07O 301
25/V1-30/VI 0,019 14 18
1/VII-10/VII 0.180 129 172
10/V11-20/VII 0.132 96 128
20/VI11-30/V1I 0.285 205 273
1/VII-5/VIII 0.076 54 72
5/VIII-10/VIII 0.285 205 273
10/VII-20/VIHI 0.228 164 218
20/VI11-30/ VI 0.220 158 211
10/1X-25/1X 0.037 27 35
273 E
218 211
o
o
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DETERMINING THE WATERREQUIREMENTS OF AGRICULTURAL CROPS FORTAMARSI VILLAGE
OF MARNEUL I MUNICIPALITY IN KVEMO (LOWER) KARTLI REGION

Periods

Vegetable garden|

Orchard
Vineyard DR [ I O
Maize 159 q 050 EP ad
Logume 75 i 7 Z
Winter wheat °°°°=l Eggggr
Perennial grass| | == E

Graph 5. Completed water duty graph including water demand curve
CONCLUSION

As a result of the summary of climatic and soil conditions, the need for irrigation was determined. In
order to evaluate water supply, Prof. c. Selyaninov's method was used.

It was determined that Marneuli municipality belongs to a severe drought zone.

The percentage ratio of the area share occupied by individual agricultural fields in the village of
Tamaris of Marneuli municipality in relation to the total area, was determined. Irrigation indicators of the
soil of Tamaris village were determined; the irrigation rate for each agricultural crop was defined water
demand was determined according to the irrigation periods, the values of which differ significantly from the
existing ones.
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Hydro-amelioration

AMELIORATIVE INDICATORS OF SOILS IN THE IRRIGATION ZONE
OF THE CASPIAN AND MTSKHETA MUNICIPALITETS
OF THE SHIDA KARTLI PLAIN OF GEORGIA

O. Kharaishvili, E. Kechkhoshvili, F. Lortkipanidze
Ts. Mirtskhulava Water Management Institute of Georgian Technical University
I. Chavchavadze Ave. 60°, 0179, Thilisi, Georgia
E-mail: xaraishviliolga@gmail.com

INTRODUCTION

The main task of agriculture is to increase the production of products to meet the needs of the
population and raw materials for the light and food industries. Fulfillment of this task from farms requires, in
order to increase soil productivity on developed and new areas, to outline and implement a set of
agrotechnical measures that will sustainably ensure the obtainment of high vyields. In addition to
agrotechnics, an important factor is the correct selection of irrigation regime.

Recently, irrigation systems have been rehabilitated in Georgia, however, meeting the demand for
agricultural products depends not only on the scale of irrigation construction; it requires proper operation of
the systems, rational use of the received water based on appropriate irrigation techniques and irrigation
regime.

Irrigation regime, unlike irrigation technique, requires specification for each irrigation district and
microdistrict. If the natural-climatic conditions of irrigated areas are not taken into account when planning
reclamation measures, irrigation can reduce soil fertility to such an extent that crop yields fall to the
minimum.

MAIN PART

The purpose of the article is to determine ameliorative indicators of soils of Mtskheta and Kaspi
municipalities for the purpose of correct selection of irrigation regime elements.

We do not provide all those indicators that should be determined during soil ameliorative study. We
mainly consider those of them, which are necessary for selection of irrigation regime elements: ultimate
water holding capacity, maximum molecular water holding capacity, volumetric mass and character of water
absorption into soil.

For determination of soil ameliorative indicators, samples (4 samples at each point) in the form of
monoliths in natural state with height of 16 cm and diameter of 12 cm were taken at the depth of 64 cm from
the ground surface with gradation of 16 cm. The samples were investigated in the laboratory of agricultural
melioration of the Georgian Technical University. According to the obtained data, the irrigation rate was
calculated (taking into account the investigated soil depth, the irrigation rate was determined for field crops).

The following soil categories can be distinguished in the irrigation zone of Mtskheta and Kaspi
municipalities:

» Forest brown carbonate clayey soil;

* Forest brown carbonate loamy soil;

* Forest brown carbonate heavy to medium loamy soil;
» Gray-brown carbonate heavy loamy soil;

* Gray-brown carbonate heavy to medium loamy soil;
e Sod-alluvial carbonate heavy to medium loamy soil;
* Complex of sod-carbonate saline and sodic soils.
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AMELIORATIVE INDICATORS OF SOILS IN THE IRRIGATION ZONE OF THE CASPIAN AND
MTSKHETA MUNICIPALITETS OF THE SHIDA KARTLI PLAIN OF GEORGIA

The forest brown carbonate clayey soils are distributed on the northern slopes of Kvernaki
Mountain, in the upper strip of areas of Tezi-Okami irrigation system, in the southern part of Mukhrani
valley, on both sides of Thilisi-Gori highway. In the upper horizons these soils are characterized by dusty-
compact structure.

Humus content in the upper soil layers varies within 2.44 - 3.16 %. By mechanical composition the
soil is clayey throughout the depth (amount of physical clay 65,05 - 86,50 %). The exception are soils in the
southern part of Mukhrani valley, which are close to heavy loams. In them the amount of physical clay in
the upper layers reaches 62.25 % and at the depth of 70-80 cm decreases to 51.65 %.

Table 1
Ameliorative indicators of forest brown carbonate clayey soils

§ = 2 . g i % % Filtration coefficient % %‘ g
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@ = © B 2 X2 =D 2 o=2° Q S8 S 2 o =%
S = £E> |83227¢ E-C&< R TS5 SEC S E
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& 2 S S £ 2 ° s E £ 2 =
0-16 1,01 15,30 47,60 0,001944 682 38.08 -
g 16-32 1,12 17,01 46,03 0,001380 500 36,82 -
§>; 2| 3248 1,29 16,17 33,92 0,001980 716 27,14 -
— X | 4864 1,36 16,16 31,79 0,001339 482 25,43 -
> 0-70 1,19 16,16 39,83 - - 31,86 663
0-16 1,00 16,01 47,19 0,001888 680 37,75 -
'g 16-32 1,12 16,44 42,04 0,002768 996 33.63 -
S 32-48 1,57 16,73 33,32 0,000837 30 26,66 -
= 48-64 1,43 16,80 31,02 0,000858 308 24,82 -
> 0-47 1,23 16,40 38,39 - - 30,71 664
= 0-16 1,09 16,24 50,71 0,002281 821 40,47 -
g 16-32 1,12 18,32 44,79 0,001494 538 35,83 -
3 32-48 1,26 15,41 31,23 0,002251 810 24,98 -
O 48-64 1,27 15,33 31,41 0,002455 884 25,13 -
= 0-70 1,18 16,50 39,53 - - 31,62 653

As can be seen from Table 1, these soils are loose from the surface and slightly compacted in depth.
Volumetric weight of 0 - 32 cm layer is equal to 1.00 - 1.12, lower layers 1.26 - 1.43.

Among water properties, due to heavy mechanical composition of soil, high values of maximum
molecular moisture capacity should be noted, which can be misleading when visually assessing the moisture
content of the soil to determine the timing of irrigation. This is explained by the fact that in such cases the
soil looks sufficiently moist, although most of the soil moisture is in a form inaccessible to the plant.

According to the given data these soils retain moisture well - the ultimate water holding capacity is
31.02 - 50.71 weight percent. Such an indicator of ultimate water holding capacity requires a high irrigation
rate. For these soils for 1 ha of crops for each irrigation approximately 650 m* of water is required.

The table shows values of 80 % water holding capacity, which is the lower limit of the optimum
amount of soil moisture for the plant. According to this, watering should be carried out when the water
holding capacity drops to 31%.

Physical and water properties of these soils fully correspond to the value of their filtration coefficient.
According to the table, at the whole investigated depth the filtration of these soils is rather high, numerically
- 0.00276 - 0.000837 cm/sec, which corresponds to 996 - 301 m%hour per 1 ha.

The forest brown carbonate loamy soils are distributed in the upper strip of the southern part of the
Caspian region. Table 2 shows that the upper 0-32 cm layer of these soils is loose (volume mass 1.04-1.18
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g/cm®); with increasing depth due to strong compaction, the volume mass increases to 1.53 g/cm?. The
exception is the soil of Telatgori village, which remains loose throughout the profile, due to which its
volume mass does not exceed 1.47 g/cm®,

Table 2
Ameliorative indicators of forest brown carbonate loamy loamy soils
Filtration coefficient
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_ 0-16 1,04 13,48 40,18 0,012476 446 32,14 -
§ 16-32 1,18 14,77 35,24 0,000767 276 28,19 -
Q 32-48 1,40 13,89 36.61 0,000052 19 29,29 -
= 48-64 1,53 13,85 30,77 0,000006 2 24,62 -
> 0-70 1,29 13,02 35,09 - - 28,56 589
s 0-16 1,04 15,04 43,43 0,011985 4314 37.74 -
2 16-32 1,16 15,68 39,09 0,006678 2403 31,27 -
=3 32-48 1,58 13,91 28,11 0,000150 54 35,14 -
> % 48-64 1,63 14,28 26,38 0,000073 25 21,10 -
4 0-70 1,35 14,73 34,38 - - 27,50 650
0-16 1,04 13,00 44,50 0,004303 1549 55,63 -
5 16-32 1,31 14,66 36,44 0,000722 260 29,15 -
=2 32-48 1,37 15,45 34,33 0,000515 221 27,46 -
3 48-64 1,47 15,10 31,37 0,000039 14 25,10 -
- 0-70 1,20 14,55 33,65 - - 26,92 662

As it is evident from the data of maximum molecular moisture, these soils are characterized by lighter
mechanical composition in comparison with the above described soils. Indices of maximum molecular
moisture in 0.7 m layer range from 13.92 to 14.77 %. Also these soils have lower values of ultimate water
holding capacity, although the average value of this indicator in 0.7 m layer is rather high - 34.38%.

When irrigating these soils, due to high water holding capacity, irrigation rate should be 650 m®/ha,
and watering should be done when soil moisture decreases to 28 - 29 %.

As for the filtration properties of these soils, according to the table, the upper horizons are
characterized by strong filtration - 0.012476 - 0.004303 (per ha 446 - 1549 m*/hour), and from the depth of
0. 32 m (for Telatgori 0.48 m) filtration decreases significantly - in the layer 32 - 48 cm to 0.000052 cm/sec
(per ha 19 m3/hour), 32 m (for Telatgori 0.48 m) filtration decreases significantly - in the layer 32 - 48 cm to
0.000052 cm/sec (per ha 19 m*/hour), and in the next layer 48 -64 cm - 0.000006 s/sec (per ha 2 m*/hour).
On this basis, the elements of irrigation technique should be selected in such a way that the water on the area
for a long time stagnated to moisten the active layer of soil to the required depth. Horizontal filtration
irrigation with a small irrigation flow gives good results, and on high gradients - the use of oblique furrows.

The forest brown carbonate heavy to medium loamy soils are found in the northern part of the
Mukhrani valley and in the upper strip of the Saghuramo massif. They are characterized by fine lumpy
structure; humus amount is 3.78 - 2.24 %. The mechanical composition is heavy and medium loams - the
guantity of physical clay (particles <0.01mm) in the whole profile is 45.65 - 55.22 %. Such mechanical
composition causes characteristic relatively small value of maximum molecular moisture.
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Table 3
Ameliorative indicators of forest brown carbonate heavy to medium loamy soils
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= 16-32 1,30 12,13 30,13 0,000516 103 24,10 -
P 32-48 1,46 12,21 30,28 0,000377 125 24,22 -
= 48-64 1,50 11,35 20,63 0,000436 137 16,50 -
> 0-70 1,33 11,97 32,39 - - 25,91 603
-2 _| 016 1,16 13,65 32,65 0,001078 388 46,85 -
S ; 8| 16-32 1,31 12,05 32,17 0,001122 403 25,75 -
§ 2= % 32-48 1,47 12,65 28,84 0,000659 237 23,07 -
= <~ &| 48-64 1,49 13,63 28,46 0,000622 224 22.77 -
b é Z| 0-70 1,36 12,99 30,83 - - 24,42 581
0-16 1,06 14,46 40,54 0,001100 396 32,43 -
g 16-32 1,17 13,83 36,32 0,001355 488 29,06 -
= g 32-48 1,45 14,22 29,33 0,000385 139 23,46 -
> = 48-64 1,47 14,53 22,69 0,000505 182 18,15 -
» 0-70 1,29 14,23 32,22 - - 25,78 582

In the whole profile the maximum molecular moisture is 11.35-14.53 %. These soils, in comparison
with the above-described brown forest soils, are characterized by lower ultimate water holding capacity,
which does not exceed 32.39 % in 0.7 m layer. The irrigation rate should not exceed 600 m*/ha, and it is
necessary to irrigate when soil moisture decreases to 25 - 26 %. According to the data of Table 3, these soils
have approximately the same filtration properties in the whole profile. The data of layer 16 - 32 cm are of
special interest. Mainly these soils are spread on slopes with large gradients, therefore, horizontal filtration
irrigation along oblique furrows is a good result for them.

The gray-brown carbonate heavy loamy soils are spread along both banks of the Tedzami River in
the Kasp district, up to the border of forest brown carbonate heavy loamy soils. They have gray chestnut
color, humus content 0,48 -1,65 %, carbonates - 13,33 - 15,91 %. The structure in the upper 10 cm is fine-
grained, in the next 10 cm - finely lumpy-grained. In water extract dry residue is high - 0,043 - 0,053 %, total
alkalinity at the depth of 70 - 80 cm is rather high - 0,466 %, that is explained by 0,0023 % presence of soda
in this layer. These soils are loose from the surface: volume mass of layer 0-32 is approximately 1 g/cm? and
at the depth of 0,7 m - 1,19 g/cm®.

As for maximum molecular moisture, the average values in the 07 m layer are 12.61 - 15.93 %. Soils
on the left bank of the Tedzami River have higher values of maximum molecular moisture than on the right
bank, which indicates their heavier mechanical composition. These soils are characterized by high water-
holding capacity. Its average value in 0,7 m layer is 38,58 - 40,48 %. This determines the necessity of rather
high irrigation rate, approximately equal to 650 m®ha, and it is necessary to irrigate when soil moisture in
0.7 m layer decreases to 31 - 32 %.

Filtration indices are of special interest. As can be seen from Table 4, these soils are characterized by
the best indicators. Filtration coefficient of soils on the right bank of Tezami river is higher, which can be
explained by inclusions of mineral rock particles. In the 0-32 cm depth layer the value of the coefficient is
0,008449 - 0,008871 cm/sec, which in recalculation per hectare gives 3042 - 3134 m3/hour. The filtration
coefficient decreases with depth, but still remains significant. Due to the large filtration, in order not to
increase the irrigation rate, irrigation should be carried out by furrows with flowing water. At the same time,
the flow rate of the furrow should be maximal, so that the water on the field did not stagnate for a long time.
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Table 4
Ameliorative indicators of gray-brown carbonate heavy loamy soils
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a 32-48 1,22 14,41 38,90 0,000836 301 31,12 -
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> 0-70 1,19 15,93 40,48 - - 32,38 674
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s 0-70 1,18 12,61 38,58 - - 30,86 637

The gray-brown carbonate heavy to medium loamy soils are distributed in the Caspian region
along the left bank of the Kura River on the massif of western and eastern Ashuriani. Soils are characterized
by gray-brown color, humus content 3.51 - 1.54 %; mechanical composition is heavy and medium loams.

Table 5
Ameliorative indicatorsof gray-brown carbonate heavy to medium loamy soils
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> 5 48-64 1,55 13,55 25,88 0,000616 185 20,70 -
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These soils are compacted from the surface and are characterized by high values of volumetric mass.
At the depth of 0 - 32 cm this indicator is equal to 1.22 - 1.27 g/cm?®, and in the underlying layers it reaches
1.53 - 1.57 g/cm®.

Accordingly, the indicators of ultimate water holding capacity also change. If at the depth up to 0.32
m it is equal to 33.91 - 36.69 %, then below it decreases significantly to 25.83 - 26.00 % due to soil
compaction and easier mechanical composition.

On these soils irrigation rate should not exceed 600 m*/ha, and irrigation should be carried out when
the soil moisture in the layer up to 0.7 m will be 24 - 25%.

As for filtration, different indices were recorded in these soils, in particular, soils of eastern Ashuriani
in 0 - 32 cm layer are characterized by high index (2261 m®hour per ha), which sharply decreases with
increasing depth to 0.000109 - 0.000259 cm/sec (39 - 93 m%hour per ha). Filtration in soils of western
Ashuriani is more uniform - 0.001364 - 0.000516 cm/sec (491 - 186 m*/hour per ha). The exception is the
layer of 16-32 cm, in which, due to weak solonetization, the indicators of maximum molecular moisture and
limit moisture are increased, while the filtration coefficient is sharply reduced.
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When irrigating these soils, for uniform moistening of the entire active layer, irrigation should be
carried out in furrows with flowing water with a low water flow rate.

The sod-alluvial carbonate heavy to medium loamy soils are spread in a narrow strip on both banks
of the Kura River in Kaspi district, on the Tezi-Okami massif, on the right bank of the Ksani River, on the
Mukhrani valley south and east of the villages of Ksovrisi, Dzalisi, Tsilkani, Natakhtari up to the Georgian
military road in a strip 2 - 4 km wide and on the Saguramo massif in a narrow strip 0.5 - 4 km wide along the
Aragvi River. The color is gray, dark gray and gray-yellow; the amount of humus in the 0.5 m thick layer is
1.86 - 3.21 %, carbonates in the upper layer 19.28 - 26.65 % increase with increasing depth and at a depth of
1 m reach 32.90 %.

Table 6
Ameliorative indicators of sod-alluvial carbonate heavy to medium loamy soils
= ) o < Filtration coefficient e
c e a S > & - 5
o - e = > > 2 <]
= 5 £ £2g S 2 @ == IS
8 2 S o 52D =8 = =Sz g
3 3 2'E EET E S 2 £ 3 S99 S<
@ o oL X 3 o S o v o C O =
5 £ g 3 S g € o £ = 5SS S E
IS o S =032 '3 £ G C o o= © 2
< £ 5 25 85 g < S 2 =
> g | > g 3 Es @ &
0-16 1,22 11,15 34,32 0,002640 950 27,46 -
g 16-32 1,24 10,98 30,11 0,000551 199 21,97 -
= ; 32-48 1,39 11,20 28,10 0,000251 94 22,48 -
> § 48-64 1,49 12,01 27,78 0,000144 52 22.22 -
0-70 1,33 11,33 30,08 - - 24,06 560
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= > | 48-64 1,45 11,36 28,09 0,000569 203 22,47 -
o4 0-70 1,36 11,14 29,99 - - 23,99 561

As it is evident from Table 6, these soils in the whole profile have rather significant volumetric mass:
in the 0-16 cm depth layer - 1.17-1.22 g/cm?, and in the 48-64 layer - 1.49 g/cm?®. The ultimate water holding
capacity in the 0-32 cm layer is 30.11-34.32 %, and later it decreases to 27.78 %

Together with small value of ultimate water holding capacity these soils are characterized by low
values of molecular moisture, which does not exceed 10,02 - 12,01% in the whole profile. Irrigation norm
for these soils should not exceed 550 m3/ha and watering should be done when soil moisture decreases to
24%. Filtration characteristics of these soils are rather high - in the upper horizon the filtration coefficient is
0.002640 - 0.004222 cm/sec (950 m®/hour per ha), with increasing depth it decreases, but still remains quite
significant.

The Complex of sod-carbonate saline and sodic soils are mainly spread in the halves and
depressions of the central part of the Mukhrani plain. Their overwatering, sometimes turning into water
logging, is a result of high groundwater table as a result of excessive irrigation rates or improper irrigation.
According to the results of water extraction in saline soils total alkalinity in soil layer 38 - 46 cm is high
(0,61%), which is explained by the presence of 0,0063 % of soda in it. Dry residue in the upper layer of 10
cm is 0.099%, with increasing depth it increases and reaches 1.83% below 1.0 m. Both overwatered and
sodic soils are carbonate. Soils of the central part of Mukhrani plain are heavy loams by mechanical
composition, and soils of the southern and south-eastern part are medium loams.

These soils are loose in the upper arable horizon. Volumetric mass of 0.32 m layer is 0.99 - 1.17 g/cm?®
and below it increases up to 1.55 g/cm®. The 0.5 m thick layer has a high water-holding capacity. The
maximum water holding capacity on horizonts is 30.77 - 40.73% (average in 0.7 m layer is 33.85 %).
Irrigation rate should not exceed 600 m®/ha, and irrigation should be carried out when the moisture content
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of the soil layer 0.7 m deep decreases to 26 - 27 %. As for the coefficient of filtration, in the upper horizons
it is rather high, and with depth, it decreases significantly.

Table 7
Ameliorative indicators of sod-carbonate saline and sodic soils
- . % 8’\0 Filtration coefficient o B
25| 25| 55 |E&eg | Ez2 w5 | 5532 | 85
&= | B £ |EZ22g E22 8 928 ©E2% | BE
Es £5 Sy |X2Z2E9 XTG K Ss 3| SXCa =
w2 s @ S8 |23 ESQ £ e=c °°§$8 s
n o S e S £ § g 5] ®E g - =
= 0-16 1,10 15,81 31,75 - - 25,40 -
g 16-32 1,15 13,80 36,92 - - 29,54 -
2 32-48 1,49 14,28 30,77 - - 27,69 -
= 48-64 1,55 14,77 26,94 - - 21,55 -
B 0-70 1,32 14,66 31,59 - - 25,27 503
0-16 1,10 12,12 37,04 0,001166 420 29,63 -
= - 16-32 1,17 11,26 35,14 0,001006 362 28,11 -
E k= 32-48 1,47 10,51 33,37 0,000609 219 26,70 -
S & 48-64 1,48 12,34 29,61 0,000048 17 23,69 -
= 0-70 1,30 11,62 33,79 - - 27,03 606
0-16 0,99 16,59 40,73 0,00346 1233 32,58 -
g - 16-32 1,09 15,81 33,78 0,003705 1334 27,02 -
; 'z 32-48 1,41 15,16 32,53 0,000414 149 26,02 -
S 2| 4864 1,52 14,51 28,37 0,000219 79 22,70 -
= 0-70 1,25 15,51 33,85 - - 27,08 592

Special attention at irrigation of these soils should be paid to the size of irrigation rate and correct
selection of irrigation technigque elements. They should be selected so that water on the area did not stagnate
for a long time and the soil did not receive water, more than the calculated norm. It is also necessary to
control irrigation of neighboring, especially overlying areas, because excessive water received by them, in
the considered soils can cause rise of groundwater table and increase overwatering.

CONCLUSION

Based on the conducted research and relevant calculations, it was established that in Kaspi and
Mtskheta municipalities of Shida-Karli Plain 600-650 m®/ha should be accepted as irrigation norms for field
crops; similarly, compared to the existing irrigation norms, irrigation norms for perennial plantations (650-
700 m*/ha) and vegetable crops (400-450 m*/ha) should be changed. The proposed irrigation rates differ
significantly from the current ones, which will save water and help farmers in proper selection of irrigation
regime for stable generous yields.
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INTRODUCTION

The problems related to maintaining the stability of slopes are so relevant that researches related to
this issue are often conducted. In some cases, the situation is catastrophic and requires radical measures,
while in other cases, the danger is less severe.

Recently, due to the deterioration of the ecological situation around Thilisi, which is caused by the
activation of erosive processes, landslides and mudslide events, and all this is due to the presence of a water
catchment area around the capital, which includes more than 50debris flow ravines, up to 60 small rivers and
more than 60 landslide zones, and all this poses a threat to the city's population and infrastructure [1].

From the ecological point of view, one of these small rivers is important. Gldaniskhevi, which has a
high risk of natural disasters. In our case, the object of consideration is the river. A rolling slope, the stability
of which requires the determination of appropriate parameters. Based on the laboratory processing of the
samples taken as a result of the field work, the values of the search parameters were determined.

Internal friction angle @ = 18% porosity n = 0.4; mineral density ps = 2,71 t/m?; liquid density p. =
1t/m?; density ¢ = 2.1 t/m?,

Let's use the formula we know [2,3,4]

1/z < = sina— tgp-cosa, 1)
pgz

wherez = %is the relative thickness of the sloppe layer, o — is the slope angle. This image is from

elementary soil equilibrium analysis:

|t2| = |oltgp + ¢, where 6, = pgzcosa and 1y, = pgzsina there are normal and shoulder stresses
respectively.

In case of saturation with water, we have the following image:
1

= (1- £ )(sina. — tgpcosa) + 2% sina- — (2)
e Pa

1-n

c

1z, =
pPgEy

whereZ,—is the relative thickness of the slope layer in the case of soil saturated with water.

Taking formulas (1) and (2) into account, we obtain the following expressions based on our
parameters:

1/Z < = =sina - 0.32cosa (3)
paz
=1.25sina — 0.2cosa 4)

i: c

1
Z;  pgz

Let'sbuild a graph according to the relations (3) and (4) between the critical relative depths of the slope and
the slope.
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Table 1
a 20° 30° 40° 50° 60° 70° 80° 90°
1/z 0 0.22 0.39 0.56 0.7 0.83 0.93 1
Table 2
a 9Q° 30° 40° 50° 60° 70° 80° 90°
1/z, 0 0.45 0.65 0.33 0.98 1.1 1.2 1.25
1,4
1,2
1
0,8
0,6
0,4
0,2
0
0 10 20 30 40 50 60 70 80 90 100

1
1/z=sina. -0.32cosa — =1.25sina — 0.2cosa

2y

Fig. 1. A graph of the relationship between the critical relative depths of the slope and the slope

The graph is constructed using the given tables. The solid line corresponds to the critical condition of
"dry" soil, and the dashed line to saturated soil. Area I in the figure corresponds to the steady state of the
slope, z.m. — is the limit state, and the Il area is the boundary state, that is, when the slope is moved.
For "dry" soil, we get for a = 30° from formula (3); = 0,215, from which followsz>6.1m.

fora =40°2> 4,0 m, for 0=50°2>2,7m.
In case of saturation with water for o= 30%/p(1-n)z; < 0.447, from wherez,> 2.8 m,
fora = 40°2,> 2.3 m, but for o = 50°2;>1.8 m.

As we can see in this case it is possible to climb the slope.
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It can be seen from the figure that water reduces this critical slope angle (when movement starts) by
approximately 11+25°.

Cohesive strength is known to be low in sandy soils; It's shaking in the interval 0+0.8 t/m?, and in clay
soils it is important and fluctuates in the interval of 0.5+9.4 t/m?

To simplify the calculation, for comparison, let's take the tension of 0,21 t/m?, while
o= 30°2>0.61 m; when o = 40°, z>0,40m, and o = 50°, z>0.27 m; for all these cases, "dry" soil will be
moved.

In case of soil saturated with water when o = 30°, z:>0.29 m; when a = 40° z:>0.23m; And when a =
50°, z:>0.18 m — ground shaking will occur.

As we can see, in the case of a small compressive force (especially in the case of water saturation), a
layer of the ground only a few tens of centimeters thick can move and form a landslide.

Now, also for comparison, let's take a hypothetical density of 21 t/m®. We take ten times more to
simplify the account.

"Dry” soil for a = 30° will move when z>61 m; for a = 40° when z > 40 m; and for a = 50°2>18 m.

After saturation for o = 30°2:>29 m; for a = 40°2;>23 m and for a = 50°z;>18 m.
As we can see, in this case, practically impossible to climb a slope saturated with water.

CONCLUSION

Based on the above calculation, it can be concluded that the mentioned slope is prone to landslides,
because in the case of a slope of about 40°, the presence of a ground mass of about 2 m is enough to move
this mass in case of saturation with water.

In the article, we also saw how important a role the ground grip plays.

In the case of a small grip, the slope can be moved even in the "dry" state, while in the case of a large
grip force, even its saturation with water is not a danger.
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1. INTRODUCTION

At the present time, artificial intelligence is becoming ever more widely used tool in various human
activities. Today's construction industry is also increasingly impacted by artificial intelligence, which is
based on the technology of implementing construction processes by using numerical tools that enable the
creation of digital twins in BIM technology [1], and effectively seeks to implement the construction process
autonomously, i.e. without direct human involvement. This issue is discussed in paper [2], in which the
automation of the design process is reviewed, with a particular focus on its application in the design of
building structures. The authors presented examples of its application, its advantages and associated
challenges. When we consider the high-tech manufacturing process used in prefabrication plants or material
factories, where artificial intelligence also makes it possible to conduct manufacturing process on the basis
of an automated, digitally controlled production line with the use of industrial robots, we can see that we are
facing another challenge: the robotisation of the construction process itself. This process that has been used
in line construction is slowly becoming a solution that is gaining importance in the road construction
process. Already today, many earthmoving works and road constructions are carried out with self-driven
machines that use GPS to locate the position of the machine performing a specific task at a given time. This
enables the construction process to be carried out according to the design specifications continuously,
without any necessary work breaks for the operators. The autonomous process is characterised by the
accuracy of machineries’ positions while the works are carried out, which results in accuracy of the work in
progress, unattainable by skilled operators. For concrete pavements, automatic pavers lay not only the
pavement but also the expansion joints, using a dedicated automatic system. Machines operating with the
Real Time Kinematic system constitute here a good example.

Automation and robotisation are processes which, in the construction industry, boil down to replacing
humans with machines. Such a process improves work efficiency and significantly reduces the costs of
building projects [3]. Presently, automation and robotisation in construction processes is mainly used to
carry out heavy work which would be difficult or dangerous for people. In the field of civil engineering,
these are currently mainly earthworks and underground works, as well as assembly works with large and
heavy components. However, in the future the construction process will be based on autonomous machines
using artificial intelligence to oversee the execution of work and to eliminate potential difficulties arising
from the robotic building construction process itself. This is due to the effectiveness of the very concept of
automating and robotising the construction process using artificial intelligence. Such a process, in turn,
results from the need for continuous and dynamic economic growth. It is therefore necessary to further
develop automation and robaotisation in the construction industry and to look for new solutions which would
significantly increase the efficiency of construction process. This can be effectively achieved by further
developing and using artificial intelligence in various areas of construction industry, using appropriate
technology dedicated to the implementation of the intelligent construction process.

The paper addresses the issue of the use of technology in automation and robotics processes in the
building construction industry. It is shown how these processes contribute to the development of the
construction sector. As an example of the robotisation of construction processes, the paper presents the
continuously developing 3D printing technology. The characteristics of machine learning, including deep
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learning, are also presented as well as, based on a literature review, examples of the use of deep learning in
the construction industry.

2. ARTIFICIAL INTELLIGENCE AND NEW TECHNOLOGIES IN BUILDING
CONSTRUCTION

Nowadays, a major revolution is underway in the construction industry, which is changing the way
buildings and infrastructure are made, and also the dynamics of the construction process. Its development is
supported by innovative technologies such as: Building Information Modelling (BIM), Artificial Intelligence
(Al), Digital Twin (DT), Smart Vision (SV) and Internet of Things (IoT), increasing efficiency, accuracy and
productivity [4]. Innovative tools for the design, visualisation and realisation of buildings also include:
augmented reality (AR), Virtual Reality (VR), 3D printing and intelligent robotics. All of these technologies
raise new standards in the design, construction and management of new facilities and support more efficient
and safer completion of projects.

Building Information Modelling (BIM) technology is an advanced approach to the management of the
entire building cycle, which integrates information about, inter alia, its construction parameters, materials,
costs and work schedules. The ability to create three-dimensional models, integrating all project-related data,
improves communication among project teams, reduces the possibility of errors and collisions and enables
cost and energy efficiency analysis. Thanks to the digital twins, that is virtual models of real-life structures,
it is possible to monitor, simulate and conduct an ongoing analysis of building’s performance. The Internet
of Things, on the other hand, enables continuous control, monitoring and optimisation of building’s fixtures
and systems, thus increasing efficiency and reducing operating costs.

Digital transformation is generating huge amounts of data. Their systematic and continuous analysis
and creation of predictive models can lead to innovative structural and architectural designs, minimise
construction costs, enhance safety on construction sites, automatise physical work, speed-up construction
processes and increase durability. Analysing such huge amounts of data and recognising patterns by standard
computer programmes and humans is becoming impossible. Artificial intelligence (Al) plays a key role here.
It has the ability to create and process huge databases, recognise patterns, make predictions, automatise tasks
and optimise construction processes. The phrase Acrtificial Intelligence (Al) was coined by John McCarthy at
a conference at Dartmouth College in 1956. It was to distinguish it from the concept of cybernetics [5]. The
phrase was to describe the idea of creating machines performing tasks requiring human intelligence. Thus,
the emergence of artificial intelligence has initiated attempts to make tools recreating the abilities assigned to
the human brain, responsible for understanding and problem solving [6]. The continuous development of
new and more complex algorithms is intensifying interest in artificial intelligence and the need to increase its
areas of application. This progress is related to machine learning and its subset, deep learning, which uses
advanced neural networks for data processing and learning. Figure 1 shows a diagram of machine learning in
an Al context, with widely used algorithms: Convolutional Neural Networks (CNN), Multi-Layer Perceptron
(MLP), Radial Basis Function Network (RBFN), Recurrent Neural Network (RNN), Generative Adversarial
Network (GAN) and Long Short-Term Memory Network (LSTM).
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rtificial Inteligence \
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4 Deep Learning h

Machine

Learning
.‘r\ A“& 3:: 3:; :fé.
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__________________
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Figure 1. Deep learning in artificial intelligence and its algorithms
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Machine learning, a major focus of artificial intelligence, has become an important tool in the
construction industry. With its ability to process large amounts of data, detect patterns, memorise them and
predict subsequent events, it minimises time, maximising the use of computing resources [7]. This leads to
more effective project management, risk reduction as well as increased safety and efficiency in construction
processes. Machine learning is being applied in many sectors of the construction industry, starting with the
design stage all the way through implementation and then maintenance of buildings. Based on a dataset,
machine learning algorithms can predict costs, required time and resources for a given construction project
[8] as well as risks [9]. Deep learning in computer vision supports the construction industry especially in the
area of site safety [10-13], improving quality, optimising work and detecting structural damage [14,15].

The impact of machine learning on the construction industry continues to grow, increasing efficiency,
guality and sustainability. Artificial intelligence is becoming an integral part of progress in the construction
industry, providing more efficient resource management and safety.

3. DEEP LEARNING

Deep learning is a branch of artificial intelligence, a subfield of machine learning (Fig.1). It focuses on
creating neural networks which are capable of learning from data. The models, which are to replicate the
functioning of human brain, consist of multiple layers, hence the learning process is referred to as deep.
These models are trained on large datasets, gradually improving their capabilities through identifying
features, pattern recognition and decision-making. They can be used for prediction, classification, image
segmentation as well as content generation and speech recognition.

The basic deep learning techniques used in the construction industry are: Convolutional Neural
Network (CNN), Feedforward neural networks (FNN), Recurrent Neural Network (RNN), Generative
Adversarial Network (GAN) and Variational Autoencoder (VAE).

4. APPLICATION OF DEEP LEARNING IN CONSTRUCTION INDUSTRY
Deep learning based on advanced neural networks makes it possible to monitor the progress of works,
detect defects and faults, analyse structures and materials, and also optimise the use of resources. Over the
recent years, there has been a growing interest in the use of deep learning in construction industry. Many
scientific publications and research papers focus on the application of the potential of artificial intelligence in
various fields of construction, among others for predicting construction costs, object detection, that is
detection, recognition and identification of objects.

a. Predicting construction costs

Accurate construction costs estimation is a key element of successful management of construction
projects. The use of artificial intelligence in this sector of activity significantly improves the precision and
accuracy of predictions. The methods used so far, which consist of construction cost estimation based on
analysis of data from other projects and experts’ experience have limited capabilities, whereas the capability
of machine learning algorithms to analyse huge amounts of data offers the possibility of considering
concurrently multiple factors affecting construction costs. By using artificial intelligence techniques such as
neural networks and regression analysis, construction companies can make more effective decisions right
from the project planning stage and successfully manage their financial resources.

The paper [8] presents a new approach to forecasting the Construction Cost Index (CCI) in developing
countries, a measure for tracking changes in the cost of construction materials and overall construction-
related costs. Three techniques were used in this work: a modified artificial neural network (ANN), time
series and linear regression. Additionally, the swish activation function was introduced to increase the
accuracy of the interrelated algorithms. The analyses showed that the use of regression and time series
models had high error rates. They gave unrealistic predictions. The use of the ANN technique gave the best
results in forecasting CCI, with the lowest error rates and the most effective predictions. Accurate forecast of
the CCI enables correct estimation of the project budget.

74 Collection of scientific papers of Ts. Mirtskhulava Water Management Institute N76, 2023



ARTIFICIAL INTELLIGENCE AS AUTOMATION AND ROBOTISATION TOOL
IN CONSTRUCTION PROCESSES

b. Detection of objects during construction works

Detecting objects during construction works is a key element in ensuring site safety and quality
control of the construction process. Advanced vision systems based on machine learning and image detection
are increasingly used on construction sites. Many research papers are dealing with to this topic. The work
[16] focuses on the issue of using a deep learning method to eliminate construction site accidents and
enhance surveillance on the construction site. The research encompassed the use of the high-precision Faster
R-CNN method, a technique for detecting objects in images, which achieves very good results by utilising
deep neural networks. In this case the database consisted of randomly selected still images from video
recordings of workers, from visually different construction sites. The still images were classified according
to their visual characteristics. Studies have shown that the rapidity of this method, as well as its
reproducibility, offers the possibility of effectively detecting workers without hard hats/safety helmets under
different conditions on construction sites.

Object detection can also be used to identify building elements and components. The paper [17]
compares three machine learning techniques for detecting three common building materials: concrete, red
brick and OSB boards. Multilayer Perceptron (MLP), Radial Basis Function (RBF) and Support Vector
Machine (SVM) were used. The results showed that for all the materials, the SVM method turned out to be
the best in terms of accurate detection of material textures in images. It was also concluded that commonly
used algorithms for material detection perform best for materials with distinct colour and appearance (e.g.,
red brick) , while less accurate results are obtained for materials with colour and appearance similar to other
elements and materials that differ in colour and texture (concrete).

The use of deep learning can also be effective for identifying construction objects and equipment in a
monitored location. They can be successfully used to analyse construction equipment activity, monitor the
number and density of vehicles on construction sites [12] and detect uncertified work [10].

C. Object detection and image segmentation

During the service life of a building structure, its quality and parameters can be affected by a number
of factors leading to wear, damage and cracking. Nowadays, the possibility of automatising the detection of
defects and anomalies becomes a key element for maintaining optimal condition of building structures. The
state-of-the-art deep learning approach is discussed in the paper [18], which presents a method for
automatically identifying damage to asphalt pavements caused by moisture. Based on ground penetrating
radar (GPR) surveys of various asphalt bridges, three databases with different image resolutions were
created. Convolutional neural networks (CNNs) were used to determine features of asphalt layers and detect
any damages. To prepare the input data, an incremental random sampling (IRS) technique was proposed to
generate the corresponding GPR images, which were then fed into the convolutional neural networks
(CNNs). Promising results have been obtained on the effectiveness of identifying and locating damages to
asphalt pavements caused by moisture.

Machine learning technigues are also used in image segmentation, used to delineate areas in images
enabling detection of possible defects or damages. In the construction industry, image segmentation is used
to visually detect problems, such as bridge structural damage [14] or potholes in the road surface [19].

5. AUTOMATION AND ROBOTISATION PROCESSES
IN THE CONSTRUCTION INDUSTRY
The automation and robotisation process in the construction industry is gaining more and more
importance since it increases efficiency of investment in a construction project and reduces the necessary
human labour in its implementation. The use of automation and robotisation improves the company
competitiveness in the construction services market because it can provide more attractive offers in relation
to the competitors. An example of the automation of construction processes of underground works is a tunnel
drilling machine the use of boring machines that, while drilling a tunnel, remove the excavated material and
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at the same time is lining the tunnel using the supplied prefabricated elements thanks to the system of
automatic guidance of the cutting shield and the whole boring equipment. This solution is currently being
used for tunnelling subway lines, and in the highway industry for the construction of traffic tunnels.
Tunnelling for high-speed railways is discussed in the work [20], in which the authors analysed several
problems concerning the efficiency and safety of implementing such projects.

Due to natural demand of the modern labour market, the process of automating construction work is
becoming more and more advanced, slowly moving to the robotisation of construction work [2, 21].
Nowadays, mobile robotic arms are increasingly used for lifting heavy materials, which indirectly
contributes to human safety. Such a solution is currently being used in the construction of cubic structures
for delivery od building materials and gradually in assembly and construction processes. The experience of
the precursors, the Japanese, has shown that the peculiarities of construction work do not allow the
application of universal solutions, and the robotisation of construction processes still requires human
presence. Advances in the robotisation of construction processes also include 3D printing, which has
undoubtedly ushered in a new phase in the transformation of construction processes [22, 23]. Objects made
in Contour Crafting technology developed at the University of Southern California, conduct a construction
process based on rapid placing of successive layers of concrete mixture, which effectively shortens the
construction process. The 3D printing technology based on a properly prepared concrete mixture also
includes the printing of individual structural components, which takes place in a robotic prefabrication
factory. In this way we can print walls, stairs and roofs. Such prefabricated elements are prefabricated
elements are transported to the construction site and assembled there, but it should be remembered that the
reinforcement in this process is still made by traditional methods which are still necessary to ensure the
appropriate strength parameters of the structure. The efficiency of such a construction process can be clearly
seen when comparing the time, it takes to complete the job, which is 50 to 70% shorter compared to the
traditional construction method [24]. It includes ever more efficient solutions for print heads and the
concrete mixture itself, and continuously improving methods and processes of erecting various objects with
concrete mix-based 3D printing technology.

The robotic 3D printing process is also applied for metal objects and structures. Using this technology,
it is possible to print large 1:1 scale metal object with parameters corresponding to traditional metal
structures. This can be achieved with MX3D industrial robots using Wire Arc Additive Manufacturing
technology, which can create 3D objects from ferrous alloys. An example of such a structure is a footbridge
over one of Amsterdam's canals [25]. Carbon steels, stainless steels and non-ferrous bronze and aluminium
alloys can be used in this process. MX3D declares that, based on the technology they have developed, it is
possible to build a bridge structure 10 to 1,000 times faster than using traditional methods [25].

6. CONCLUSIONS

Artificial intelligence as a tool in the processes of automation and robotisation of construction works
is a factor that effectively improves the efficiency of the investment implementation process. In the near
future, with the use of artificial intelligence, there will be an increase not only in the automation of
construction processes but also, or especially, robotisation enabling autonomous construction implemented
without human labour. As in the case of autonomous vehicles, there is still unresolved problem of legal
responsibility for works of artificial intelligence. However, from a technical point of view, there is no other
way to enhance the efficiency of construction process while at the same time reducing its cost, than with the
use of artificial intelligence. The future of artificial intelligence in construction is therefore promising,
covering many areas of application. The increasing integration of advanced artificial intelligence
technologies with traditional construction processes will create a number of opportunities affecting the
efficiency and development of the construction industry.
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Hydrology — meteorology

ANTROPOGENIC IMPACTS TO RIVERBED DEFORMATIONS —
CASE STUDY AGHSUCHAY RIVER

A. Nuriyev
Baku State University, Baku, Azerbaijan
E-mail: anar_nuri@yahoo.com

INTRODUCTION

Riverbed deformations are a set of phenomena associated with the impact of water flows on the banks
and bottoms of rivers, with the movement and deposition of sediments, leading to their erosion, and seasonal,
multi-year, and historical changes in riverbeds. Riverbed formation determines the conditions of life and
economic activity of people on the banks of rivers, the use of water resources, etc. Active factors of river
channel formation processes are water flow and sediment transport. The bottom and bank of the river guide
the movement of the flow, but they themselves depend on the structure of the flow. With the change in the
hydraulic characteristics of the stream, the forms of the channel change as well as time passes. Some of them
are destroyed, and other forms of relief appear. The stronger the rocks that make up the banks and bottom of
the river, the more time is required to change the forms of the channel.

As a result of the interaction of the river flow with the bed, the riverbed deforms and transformations
in its shape take place over the years. These changes that occur depend on multiple factors which can include
hydrological parameters of the river, the geological structure of the area, changes in climate, landscape, and
other natural factors. In modern days there is another factor, or group of factors that can pose a significant
effect on riverbed deformations. This group of factors is composed of anthropogenic factors.

It is important to note that the specific impacts of these anthropogenic factors on riverbed deformation
can vary depending on local conditions, river characteristics, and the scale and intensity of human activities.

The sediment budget and riverbed deformation of the Azerbaijan rivers have attracted global concern
as they can threaten channel stability and security of hydrotechnical constructions. Anthropogenic
disturbances, including dredging, and engineering projects, will aggravate the changes in the natural process
of sediment budget and bed morphology in mountain rivers.

Sediment reduction leads to channel down cutting, coastal restoration, and alteration of riverine
depositional environments. Under natural conditions, rivers address sediment reduction via self-adaptive
adjustment of the bed morphologies, however, this process may take years to decades. Recent studies have
demonstrated that the upstream channel provides sediment for downstream reaches of alluvial rivers via
riverbed deformation.

However, knowledge of the contribution of various types of reaches to downstream sediment is
lacking due to changes in local river patterns, riverbed sediment, slopes, and other hydrological and
geological factors. Therefore, regarding sediment transport, understanding riverbed deformation in the
different river reaches has great significance for channel stability, as well as the prediction of coastal erosion.

STUDY AREA

For this research selected study area is the Aghsuchay River. Aghsuchay is one of the rivers that has
been affected by anthropogenic impacts and yet the construction of a new water reservoir is planned to be
built in the near future.

Our study area is located in the Shirvan Plain which is part of the southern foothills of the Greater
Caucasus. The relief of the region mostly consists of mountainous areas, foothills, and plains with slopes.
The mountainous part is located at an altitude of 700-1000 meters above sea level. Agsuchay basin is located
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on the southern slope of the Greater Caucasus. In terms of hydrological zoning, the river belongs to the
eastern (Shirvan rivers) hydrological region of the southern slope of the Greater Caucasus.
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Figure 1. Aghsuchay river basin

Agsuchay river is formed by the confluence of springs flowing from the slope of the Sari-Bulag (2268
m) mountain. the confluence zone of tributaries is located in the Langebiz mountain range. The main part of
the downstream of the river is located in the plain area. Depending on the changes geological composition of
the rocks at its mouth and near it, filtration, and annual characteristics of the flow, the Aghsuchay River flow
might not reach the Kura River. However, in recent times, by opening an artificial channel from the mouth of
the river, its flow was connected to the Girdimanchay River which joins the Kura River.

The average width of the Agsuchay basin is 6.7 km, and the average height is 666 m. The forest area
in the basin covers 130 km?. The average slope of this river is 24.7%o, and the density of the river network is
0.46 km/km?,

The geological structure of the Agsuchay basin includes sedimentary, magmatic, and metamorphic
lithological complexes with a wide stratigraphic range. The rock complexes that form the foundation of the
natural landscape in the study area are very rich and diverse, either according to their age or formation,
composition, and structure. Just as the mountainous and plain areas differ sharply from each other in terms of
their geological structure, individual mountainous provinces themselves also differ greatly in the nature of
the sediments that make them up. As a general rule, rock layers of older geological periods are spread in the
mountainous areas, and sediments of the youngest periods are spread in the plains. Lowlands and foothills
form a transition between them.
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MATERIALS AND METHODS

In the study, the dynamics of the perennial flow of the Aghsuchay river and their annual changes were
analyzed using archival materials, data from a hydrological observation point located in the area, and the
results of previous studies conducted by researchers. Based on the collected data, the trend analysis of the
water discharge series was performed according to the linear regression method, as it is both simple and
visual. By performing trend analysis of observational data of regional rivers, multi-year fluctuations of flow
were analyzed. Furthermore, field trips were conducted to research area and topographical measurements
were compared to identify riverbed deformations.

RESULTS AND DISCUSSION

According to the results of research conducted on the southern slope of the Greater Caucasus, it was
observed that the average annual temperature in the area increased by 1.0°C in 1991-2020 compared to 1961-
1990. This indicator was 0.9°C for the Aghsuchay River basin. Compared to 1961-1990 (norm), the seasonal
trend of temperature in 1991-2020 has a unique feature. As a result of the analysis, the most changes are
observed in the parts of the basin with 1500-2000 m altitude. The average annual temperature index at this
altitude increased by 0.9°C and increase in temperature in summer was 1.3°C. It was determined that the
average seasonal temperature for the entire basin increases more in summer and winter.

The analyses show that, compared to the norm, there were noticeable fluctuations in the seasonal
amount of precipitation in 1991-2020. If we take close look at the vertical distribution of precipitation over
the basin, it is possible to see a significant (34%) decrease in precipitation in the lower parts of the lowlands
and mid-altitude (500-1500 m) in all seasons. The middle and lower flow of Aghsuchay corresponds to this
area. If the average multi-year temperature was 12.0°C in 1961-1990, this indicator was 12.8°C in 1991-
2020. The amount of precipitation decreased from 507 mm to 410 mm, respectively.

The multi-year average water discharge for each month based on observation on Aghsuchay River,
Aghsu station is shown in table below.

Table 1

Average water discharge in Agshuchay (m®/sec)
| 1 11 v \Y VI VII VI IX X Xl X1l

1,33 1,53 2,39 3,56 3,18 2,03 1,41 1,04 1,46 1,77 1,65 1,55
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Figure 2. Distribution of average monthly flow in Agsuchay River, Aghsu station
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The distribution of sedimentation flow in Aghsuchay depends on the proportion of snow and rainwater
that feeds the river. This ratio varies depending on the elevation in the river basin. The main part of the flow
of suspended sediments in the river passes in the spring-summer period, making up 70-90% of the annual
flow volume of sediments. This is mainly due to the melting of snow accumulated in the cold period of the
year and the rains that fall in the spring.

Since the clay shales and sandstones that make up the basin of Aghsuchay are quickly eroded and
crushed, the content of suspended sediments in the river mainly consists of small fractions (less than 0.05
mm) and increases to 80-90%. As you go further downstream, the size of suspended sediments decreases.
Mostly large particles move upstream and small particles the downstream. However, large particles moving
upstream of the river are gradually crushed and the amount of small particles increases. Small and large-
sized mountain rocks, soil particles, plant and animal particles form the basis of the formation of sediment
flow in the Aghsuchay catchment.
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Figure 3. Relationship between water and suspended sediment discharge
(Aghsuchay River — Aghsu station)
Table 2
Monthly distribution of water and suspendent sediment flow (%0)
Month | 11 ] v V VI | VII | VI IX X X1 | XII
Qm’s | 57 | 6.68 | 10.46 | 15.62 | 13.84 | 9.08| 6 | 4.49 | 6.36 | 7.88| 7.12 | 6.76
R,ka/s | 1.48 | 2.93 | 12,12 | 27.06 | 22.95 | 5.45 | 6.68 | 5.46 | 6.34 | 4.42 | 3.52 | 1.59

The annual suspended sedimentation flow of the river is 6.6. kg/sec, average turbidity is 3530 g/m?.

Field trips were conducted to identify yearly riverbed changes. Field investigation determined all types
of impact that led to riverbed deformation. Anthropogenic impacts can significantly contribute to riverbed
deformation, altering the natural morphology and dynamics of river systems.

Here are some key anthropogenic factors that can affect riverbed deformation:

1. Channelization: Channelization involves modifying the natural course of a river by straightening,
deepening, or widening its channel. This can be done for navigation, flood control, or water diversion
purposes. Channelization alters the flow patterns and sediment transport, leading to changes in riverbed
morphology.
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2. Dams and Reservoirs: Construction of dams and reservoirs can have significant impacts on riverbed
deformation. Dams can trap sediment, reducing downstream sediment supply and altering the natural erosion
and deposition processes. The altered sediment regime can result in erosion or deposition downstream of the
dam, leading to changes in the riverbed profile.

3. Sand and gravel mining: Extraction of sand and gravel from river channels for construction
purposes can cause riverbed deformation. Removal of sediment from the riverbed disrupts the natural
equilibrium between sediment supply and transport, leading to erosion, channel incision, and changes in the
riverbed morphology.

4. Urbanization and land-use changes: Urban development and land-use changes in the river
catchment area can increase the volume and velocity of storm water runoff, leading to increased erosion and
sediment transport. This can result in channel widening, bank erosion, and overall changes in the riverbed
topography.

5. River engineering and flood control measures: Construction of levees, embankments, and flood
control structures alters the natural floodplain dynamics. These structures can confine the river within a
narrower channel, increasing flow velocities and causing erosion. As a result, the riverbed can deform over
time, leading to changes in the cross-sectional shape and profile.

6. Climate change: While not directly anthropogenic, climate change induced by human activities can
have significant impacts on riverbed deformation. Altered precipitation patterns, increased frequency of
extreme weather events, and changes in the hydrological cycle can affect river flows, sediment transport, and
erosion rates, leading to riverbed deformation.

An observation point was selected to analyze channel processes in the river. Bathymetric and cross-
sectional data were collected from 2013 to 2021 and were analyzed to address the changes in the
depositional environment. In this section, horizontal channel deformations are mainly observed (Figure 4).
However, after the construction of the hydrotechnical facility, it was observed that the vertical channel
processes were rapidly progressing in the river. This process was also influenced by the quarry operating in
the area.
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Figure 4. Cross section of the river

The hydrotechnical facility built on the river has led to the imbalance of sediments. After that,
intensification of vertical channel deformation is observed in the river. Due to water abstraction after main
settlements, there is no water in the downstream of the river.
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CONCLUSIONS

Bathymetric and cross-sectional data were collected from field were analyzed to address the changes
in the depositional environment. The results indicate that the whole riverbed in the Aghsuchay River has
been scouring after the construction of the intake facility of the irrigation canal and this trend is expected to
continue in the future due to decreasing sediment supply from the upper watershed. Based on observations
approximately 3 m of vertical deformation occurred in the riverbed. Due to water abstractions river dried in
downstream of the river basin. Thus, riverine channel deformation in response to anthropogenic disturbance
is dynamic in different reaches, and this finding has both scientific and practical significance in terms of
understanding channel stability and its response to external stressors.
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INTRODUCTION

Permanent breach of hygiene norms of pesticide u se in Georgia caused the soil intensive pollution in
the regions of agricultural product production. Today 684 ton of pesticides of 19 trade names are imported

and actively used in Georgia (see table 1).

Table 1
Pesticides permitted for use in Georgia (hazard-class pesticides for human consumption{;lb i
# Trade name of pe-sticide Active substance, concentration Class of
products, preparation form hazard
1 | Grandd, EC Chlorpyriphos+Cypermethrin(500+50g/L) 1
2 | Durshan, EC Chlorpyriphos(480g/L) I
3 | Dursbhan,450TM Chlorpyriphos(480g/L) I
4 | Epdalposetrin550EC Chlorpyriphos+Cypermethrin(500+50g/L) I
5 | Valsarel,EC Chlorpyriphos+Cypermethrin(500+50g/L) I
6 | Loksli Chlorpyriphos(450 g/L) Il
7 | Nurel-D,EC Chlorpyriphos+Cypermethrin(500+50g/L) Il
8 | SuperpirineksEC420 Chlorpyriphos+Bifentrin(400+20g/L) Il
9 | Pyriphos,EC Chlorpyriphos(480g/L) Il
10| Piroelectra48EC Chlorpyriphos(480g/L) Il
11| Priban4,EC Chlorpyriphos-Methyl(480g/L) Il
12| Priban25EC Chlorpyriphos-Ethyl(250g/L) Il
13| Sairen,EC Chlorpyriphos(480g/L) Il
14| Sarban48,EC Chlorpyriphos(480g/L) Il
15| Serban4EC Chlorpyriphos(480g/L) I
16| Tenchant,EC Chlorpyriphos+Cypermethrin(500+50g/L) I
17| Chlorpyrivat-agro, EC Chlorpyriphos+Cypermethrin(500+50g/L) I
18| Tsipiplus, EC, EC Chlorpyriphos+Cypermethrin(480+50g/L) I
19| Priban 240 Chlorpyriphos(240g/L) I
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It is obvious from the above table that the pesticides used in Georgian agriculture contain a big
concentration of chlorpyriphos (used as a fungicide, herbicide, and pesticide) - one of the most widely used
organophosphorus pesticides which undergo 4 stages of metabolism when gets into the soil. The products
depleted on the 3-rd and 4-thstages — diethyl triphosphate, 3,5,6 tricolor 2-pyridinol — represent one of the
most toxic substances (Chlorpyriphos remains undissolved in the soil for 360 days). The mentioned problem
is aggravated by the fact that due to low awareness of ecology in Georgia the use of pesticides is non-
regulated and is implemented with the breach of the dates.
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Fig. 1. General metabolic pathways of Chlorpyriphos
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MAIN PART

Lately in Georgia on the background of intensive development of agriculture the problem of
agricultural soil pollution became an urgent problem, since unregulated use of pesticides by the population
became an indirect cause of many acute diseases spread (malignant tumors, cardio-vascular and respiratory
system diseases, etc.) as a result of agricultural product consumption grown on pesticide-polluted soil.

Looking at the constraints faced in several remediation approaches, scientists shifted to microbial-
based bioremediation of xenobiotics, which proves to be the most efficient, economical, and sustainable
method of removal of pollutants from the environment. Bioremediation explores the natural capability of
microorganisms to utilize the pesticide as its carbon source by sensitizing microbes using bioaugmentation
and biostimulation methods (Kumar et al., 2021; Carolin et al., 2021b; Saravanan et al., 2021; Carolin et al.,
2021a). Several microbes have been isolated to date with the potential to degrade chlorpyrifos, such as
Pseudomonas, Bacillus, Klebsiella, Arthrobacter, Enterobacter, Xanthomonas, etc. these microbes utilize the
CP and its degraded metabolites (Rayu et al., 2017; Duraisamy et al., 2018; Ibrahim et al., 2021; Mali et al.,
2022).

The degradation process of pesticides can be divided into three phases, which can be summarized in:

Phase 1: Pesticides are transformed into more water-soluble and less toxic products through oxidation,
reduction, or hydrolysis reactions.

Phase 2: The Phase-1 products are converted into sugars and amino acids, which have higher water
solubility and lower toxicity.

Phase 3: Conversion of the Phase-2 metabolites into less toxic secondary conjugates.

Bacterial Degradation

In the years, several bacterial strains were identified as capable of degrading the pesticides present in
the soils. Each bacterium has a specificity that makes it particularly suitable for a degradative process. The
operative conditions, such as temperature, pH, water content, and types of pollutants, affect the adaptation,
development, and role of a bacterial strain. Moreover, during the degradation process, metabolites can form
and cause additional environmental problems, since they may be more difficult to remove than the original
compound, and this must be considered a drawback. As an example, Chlorpyrifos, an organophosphate used
as an insecticide, is hydrolyzed by microorganisms, and the primary and major degradation product is 3,5,6-
trichloro-2-pyridinol (TCP). TCP has greater water solubility than Chlorpyrifos and causes widespread
contamination in soils and aquatic environments. Few microorganisms can degrade the pesticide and its
metabolite and among them the bacterium Ochabactrum sp. JAS2 and Lactobacillus are capable of
hydrolyzing both compounds.

In many cases, the degradation is easier when a bacterial consortium is used compared to using an
isolated pure culture. In nature, the bacteria coexist and depend on each other for their viability. In the
metabolic pathways of pesticide degradation, each bacterium can generate metabolites that may be used as a
substrate by others.

Enzymatic Degradation

Enzymatic biodegradation is due to the enzymes produced during the metabolic processes of
microorganisms or plants. Enzymes are biological macromolecules that can catalyze biochemical reactions
involved in pesticide degradation. These molecules act in the rate of reaction by lowering the activation
energy of the reaction itself.

The main metabolic reactions, where they are involved, are oxidation, hydrolysis, reduction, and
conjugation.
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Oxidation, which is the first step of the degradation of pesticides, consists of the transfer of an electron
from reductants to oxidants. Oxygenase and laccase enzymes may be involved in this reaction. Oxygenases
catalyze the oxidation reaction by incorporating one or two molecules of oxygen; laccases cleave the ring
present in aromatic compounds and reduce oxygen to water and produce free radicals. During the reaction,
heat or energy is generated, and it is utilized by microorganisms for their metabolic activities.

Hydrolysis permits the cleavage of bonds of the substrate by adding hydrogen or hydroxyl groups from
water molecules. The pesticide molecules are thus divided into smaller chain compounds than the original
ones. Typical enzymes involved in the hydrolysis pathways are lipases, esterases, and cellulases. For
example, Luo et al. have identified and cloned an esterase gene from Rhodo pseudomonaspalustris PSB-
S capable of decomposing several synthetic pyrethroids, such as fenpropathrin, and tolerates temperature and
pH changes. The enzyme is involved in the key step of hydrolysis, namely the cleavage of the ester bond in
the fenpropathrin compound.

Reduction permits the transformation through reductive enzymes (nitroreductase).

The conjugation reaction is carried out using existing enzymes, and it is typical of fungal
biodegradation. It involves the addition of exogenous or endogenous natural compounds to facilitate the
mineralization of pesticides. This process includes reactions such as xyloxylation, alkylation, acylation, and
nitrosylation.

Analytical method of chlorpyrifos

The samples obtained in CLP will be analyzed by high performance liquid chromatography (HPLC)
using Varian Pro Star 410 HPLC Auto Sampler equipment, a KromasilC18 reverse phase column (15 x 0.40
cm2) and the mobile phase consisted of a mixture of acetic acid. Acid glacial/water/acetonitrile (0.1 V/10
V/90 V), at a flow rate of 1 ml. minl and an injection volume of 20 pL, 290 nm L for detection of CLP,
retention time. 2.07 min.

Chlorpyrifos extraction and analysis.

CP and its metabolites will be identified by protocol of Xu et al.23. Petroleum ether will be used to get
cell-free supernatant. Supernatant will be dried, redissolved in methanol and filtered (0.45 mm pore size).
Metabolites will be identified by GC-MS system (Agilent, USA).

Analytical Methods for the Detection of Chlorpyrifos

The techniques for detection of Chlorpyrifos are mainly based on three methods:

¢ Classical analytical techniques
e Immunoassays
e Biosensors

Temperature and pH observations in soil;

The Chlorpyrifos concentration in soil will be determined every 48 h for 14 days.

Analysis of Chlorpyrifos degradation and end product metabolites by Liquid chromatography—
mass spectrometry (LC-MS).

Gas chromatographic determination: The extract will be analyzed on GC (Varion-3600) USA
(equipped with flame ionization detector) with the parameters as column temperature 230°C, injector
temperature 250°C, detector temperature 300°C, hydrogen gas flow 4.5 ml/min and air flow 175 ml/min. The
parameter of the glass column will bel.5 % OV-17 + 1.75 % OV-210 Chrome W-HP 80/100 mesh 2 meters
X ¥” x 2 mm ID (internal diameter). The retention time will bel.6 min., detection limit was 1p gm and
recovery percentage was 100 %.
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Microbial growth activity: Aliquot samples (approximately 1 g) of soil from each treatment will be
taken to monitor the microbial activity by the standard dilution plate technique (using nutrient agar medium)
as described earlier (Shahida et al. 2004). Briefly, the plates will be incubated at room temperature (26°C)
for 24 hours. Colonies will be observed and counted. Later on the colonies will be picked up and transferred
to nutrient broth tubes for growth and further identification.

CONCLUSIONS

Lately in Georgia on the background of intensive development of agriculture the problem of
agricultural soil pollution became an urgent problem, since unregulated use of pesticides by the population
became an indirect cause of many acute diseases spread (malignant tumors, cardio-vascular and respiratory
system diseases, etc.) as a result of agricultural product consumption grown on pesticide-polluted soil.

At present, there are no means for effective remediation of pesticide-contaminated land resources in
Georgia, and it is this information vacuum that will be filled up by the proposed research on agricultural soils
contaminated with pesticides and related metabolic products that involves the bioremediation of agricultural
soils contaminated with chlorpyrifos-containing preparations (Dursban) using anaerobic bacteria.
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DRAINAGE AND OTHER MELIORATION MEASURES
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INTRODUCTION
From a theoretical point of view, due to the difficulty of exact mathematical description of the fluid
movement nature in a deformable porous medium, this process is still poorly studied [1].In connection with
this, more complex mathematical models used in catchment hydrology have recently been proposed for the
calculation of drainage systems for the acceleration of surface runoff.

MAIN PART

One of these approaches is based on solving a system of differential equations (1) and (3), describing
the movement and interaction of surface water (1) and soil moisture (2):

dh Q

=0 W, (1)

; dils

= ha(-1) @
dw _ d () db)_ dkw

Cor dt  dz\ W dz) dz ()

Q="h" (4)

n

Where h is the thickness of the water layer on the earth surface; t - time;Q — the surface flow consumption ;
X- is the horizontal distance from the watershed; O. - the well-known graph of the rain arrival and changes in
its intensity (including changes in its intensity during rain); Wa — is the dynamics of the intensity of water
absorption by the soil, taking into account the design features of the drying system (for example, the
presence of trenches for the absorption of catchments, loosening, etc.). It is calculated by solving the
differential equation (3); kw and y are the water permeability coefficient and capillary potential depending
on soil moisture (or the relation kw=f(y) is used); Cw=dw/dy - differential moisture capacity; z -depth from
the earth surface; i - soil surface slope; n - roughness; and m = 5/3 isthe exponent.

To calculate surface runoff dynamics, soil moisture regime, and ground water level, initial and
boundary conditions are added to the system of equations (1) — (4), reflecting the initial state of the soil [2],
location of ground water, structural features of the drainage system and list of completed hydro-
agrotechnical and agromelioration measures, atmospheric precipitation data, total evaporation.

The differential equation of soil moisture (3) is used not only to predict the water regime in the
aeration zone, but also to calculate the drainage action and the regime of groundwater levels.
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To this end, the groundwater surface (z = A) is considered as a moving boundary, for which the
balance of water flowing from the aeration zone, caused by the full capacity (w = Wc) and water-carrying
capacity of the drainage, is maintained:

2= A; w=Wc; y=0; —scw{i—i‘ —1) = qeulHo— ) (5)

where: Ho — drainage depth;A — distance from the earth’s surface to the edge of the depression; W¢ —
whole moisture capacity, gsr — Modulus of drainage flow depending on the aggregate pressure of the
drain.It is determined by formulas for calculating the distance between drains for established filtration
conditions. For example, from Kostyakov’s formula:

mk

e ) K

Where K is the filtration coefficient in the drainage work area; B — distance between drains; d — the
effective diameter of the drains (taking into account the filter filling of the trench); = =3.14.

Unfortunately, the method described above for modeling the operation of drying systems has not yet
found wide practical application. This is due to some difficulties in modeling and using models. For swelling
soils, the problem becomes even more complex due to changes in hydrophysical characteristics ku
andywduring the swelling process.There are no sufficiently accurate models of moisture transport for
swelling soils yet.Nevertheless, we consider it advisable to further develop this approach and implement it in
practice.In any case, it is necessary to take into account the interrelated processes of the formation of surface,
subsurface and ground (drainage) runoff.

In foreign practice (J. Philip, D. Smiles, etc.) in equations (3) and (5) during soil swelling, it is
proposed to introduce a new variable ®*, reflecting the ratio of the volume V., of water to the volume of
solid soil particles Vqr: @* = Vi [Vre. The value ©* is related to the volumetric soil moisture w as follows:

=k

w = @)

T 1testa

Where « is the ratio of the volume of air in the soil Vair to the volume of solid soil particles Vy. (o=
Vair / Vgr.).
The variable m is also introduced:

m= f; as , (8)

Which reflects the volume fraction of solid soil particles in the total volume of porous soil in the layer
(0 —2). Then equation (3) will take the form:

de d il d
Temalk) -0 ©)

dt - dm W= dm

Where kv and y are functions of the variable @*.
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Equation (9) is quite difficult to solve.This model has not yet been sufficiently studied.Therefore, we
will try to adapt the model developed for non-swelling soils to swelling soils. According to it, conditions are
added to equation (3) reflecting the hydrograph of precipitation inflow (actual data from the “Golden Fleece”
area on the Kolkheti Lowland) and the values of total evaporation.At the lower limit — at the drain level, a
condition of the type z = Hqr (5).

The drain parameters were obtained: Ho = 1.2 m, B = 5.5 m; d = 0.56 m (taking into account the
filtration embankment of drainage trenches).The filtration coefficient was equal to k=0.03 m/day-night.The
calculation was made for three types of soil water permeability, which are shown in Fig. 1(curves 1, 2, 3)
[3].Curves 2 and 3 correspond to the properties of non-swelling soils, curve 3 is built for fictitious soil with

lower water permeability than swelling soils.

K"'
) ‘
0,8 :
0,6 +——
04 |-
02 |— —
_/’

o 4

0,2 04 0,6 08 W-Ww,

mc -w,
mcy mcy me?

Figure 1. Characteristic curves of thermal conductivity Kw (in parts of the filtration coefficient K) from relative
humidity (Wo— maximum molecular moisture capacity, fmc— full moisture capacity, mco— humidity capacity,
at which the decomposition of soil aggregates and the swelling in clay soils begin, mc:—the full moisture
capacity of non-swelling soil, equivalent to the indicator of swelling water permeability, mc.—the full moisture
capacity of saturated soil); 1 —the swelling clay soil;2 — approximate ratio Kw(W) for the case when such soil is
not swelling with water; 3 — the classical nature of the Kw(W) dependence, when porosity reaches a value equal
to mc2 in the case of complete swelling of the soil; 4 — Percentage change in permeability coefficient when clay
soil is swelled

All three curves cover the entire spectrum of the possible influence of soil saturation on the water
regime.All three curves cover the entire range of possible effects of swelling on the water regime of soils.
Based on the calculation, graphs of w(t), A?), Qur(t) and q(t) were constructed for the months June-July
selected as an example. Atmospheric precipitation during this period was Oc = 319 mm, total evaporation
was equal to Eo = 160 mm. The following results were obtained (the number of the option corresponds to the

number of the curve in Fig. 1):
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Option Ne Drainage module Qg (Mm) Surface flow S, mm
Option 1 25 129
Option 2 30 119
Option 3 18 137

From this we can conclude that the approach based on the formal replacement of the swelling soil
model with a ,,rigid”, non-deformable soil model is acceptable for predicting the hydrological regime.As
expected, the water balance coefficients Qur, iJw(t) and A(t), calculated from curve 1, turned out to be
within the values of the properties of non-deformable soils, the water permeability coefficients of which are
described by curves 2 and 3.In addition, models are needed that more accurately account for surface runoff
and the two-dimensional nature of groundwater movement.

CONCLUSION

A preliminary calculation of the water-air regime of silty, marshy montmorillonite swelling soils
showed the possibility of adapting mathematical models developed for rigid non-swelling porous media to
swelling conditions.In the future, it is planned to improve the methodology for calculating the water-air
regime of swelling soils and its practical use in the specific design of heavy soil reclamation of the Kolkheti
Lowland.
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INTRODUCTION

The Intergovernmental Panel on Climate Change believes that the human impact on the Earth's climate
is obvious, and that recent anthropogenic greenhouse gas emissions are the highest in its history. Climate
change will significantly increase the current threats to both the environment and humans. The scale of the
damage caused by climate change will depend on the extent and quality of the international community's
response to the process. Climate change mitigation action is urgent and necessary to contain climate change
as much as possible and reduce existing environmental and social risks.

The latest report by the World Meteorological Organization indicates that we are halfway through the
implementation of the 2030 Agenda for Sustainable Development. Only 15% of the Sustainable
Development Goals (SDGs) have been achieved and the global climate goals are still far from being
achieved. The 2022 SDG report highlights the increasing impacts of climate change and extreme weather
events, as well as other interrelated global challenges that hamper development benefits and jeopardize the
full achievement of the SDGs by 2030 [1].

MAIN PART

Significant climate change has been observed in Georgia, which has led to many negative effects.
Between 1986 and 2015, compared to the years 1956-1985, average annual air temperatures increased almost
throughout the country in the range of up to 1°C, with an average increase of 0.5°C.

Between 1986 and 2015, compared with 1956-1985, annual precipitation increased in most of western
Georgia and decreased in some areas of eastern Georgia. An increase in precipitation of 5 to 15% was
recorded in large parts of western Georgia. In eastern Georgia, precipitation has decreased by 5 to 15% in
most areas over the past 30 years. In the south and east of the country (especially in Kakheti and Mtskheta-
Mtianeti), precipitation reflects a decrease in precipitation due to prolonged periods of drought [2].

The average area air temperature in 2022 in Poland was 9.5°C and was 0.8 degrees higher than the
annual long-term average (climatological normal period 1991-2020). The year 2022 is very warm in terms of
average temperature for Polish. The analysis of historical series shows that since 1851 the air temperature in
selected large cities of Polish has increased in the range from 1.49 ° C to 2.30 ° C. At the same time, in the
last 40 years, the rate of temperature increase in large urban agglomerations has increased significantly. The
area-averaged precipitation in Poland in 2022 was 534.4 mm, which was nearly 87.4% of the norm
determined on the basis of measurements in the years 1991-2020. The year 2022 should be classified as dry
years, and precipitation was characterized by strong spatial variation. The average area annual totals ranged
from above 350 mm to nearly 950 mm. Compared to the long-term norm (1991-2020), they ranged from
70% to 110% of the norm [3].
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The World Green Building Council estimates that by 2050, energy demand in buildings will increase
by 50%. Construction and the built environment account for about 39% of global carbon dioxide (28% are
energy-related emissions from heating, cooling and domestic energy, and the remaining 11% are emissions
from the production of materials and construction).

Cities must first strive to reduce global carbon emissions. Over half of the world’s population live in
cities, accounting for over 70% of CO; emissions. Buildings are the largest contributor to emissions in cities,
responsible for 50-70% of city emissions and 38% of global emissions. Roughly 75% of building emissions
are operational emissions generated from building systems (e.g. heating, ventilation and air conditioning,
lighting and other). The remaining 25% come in the form of embodied emissions — carbon generated from
the manufacture of building materials, construction and internal furnishings [4].

The World Health Organization points out that, in general, the world's population breathes air that
exceeds the pollution levels set by the WHO guidelines. Particularly high, often dangerous, levels of
pollutants in the air are found in low- and middle-income countries.

The World Green Building Council report points to the need to:

e conservation of natural resources through investment infrastructure — e.g. prioritising green
infrastructure in urban areas;

e enhancing the role of blue and green infrastructure in spatial planning;

e better management of water processes to reduce the depletion of freshwater resources, m.in. through
the use of grey water in buildings;

e creating larger public and open green and blue spaces for both nature and people in cities, reducing the
urban heat island effect;

e implementation of strategic conservation measures — such as flood measures [5].

Areas and surface overgrown with vegetation on buildings, as well as collection sites and systems
using rainwater will play a special role for the proper, sustainable development of urban areas.

In urban areas, it is recommended that CO- flows in green infrastructure systems, including buildings
with vegetation (green roofs, living facades and living interior walls), should be considered throughout the
technical life cycle of buildings (Fig. 1) [6].
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Fig. 1. Green infrastructure and biomaterial systems [6]
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The amount of carbon emissions associated with assemblies and structures should be weighed against
the potential to reduce carbon emissions by reducing the burden of cooling or heating buildings, reducing the
urban heat island effect, improving air quality and biodiversity at both building and city scale. The
assessment of carbon dioxide emissions and CO; reductions should be made as part of the analysis of the
building throughout its life cycle. The final result of the assessment will largely depend on the climatic
conditions, the thermal insulation of the building envelope and the tightness of the building, the type and
technical parameters of the heating and cooling system, the type of fuel or energy used, the type of
installation, the plant species and the area occupied by these plants. According to some authors, a full
reduction in carbon dioxide emissions for some facilities is achieved even after a short period of about three
years. Other benefits, such as positive effects on human health and well-being or an increase in biodiversity,
are not taken into account in these assessments.

Unfortunately, the payback periods for this type of green building systems are not very encouraging,
given the energy costs. Until these systems become the norm and are widely used, financial support is
needed in the form of grants, concessions and relevant municipal building codes to overcome the additional
upfront costs and concerns about ongoing maintenance costs. A report by the World Green Building Council
points to the need to design systems in urban areas to protect, collect and efficiently use natural resources,
such as rainwater harvesting facilities (e.g. wells and water reservoirs, carefully selected to provide sufficient
storage space during periods of drought). Greywater reuse systems, flow reduction devices, and water-saving
and heat recovery devices should also be put in place. Green and blue roofs or rain gardens should also be
designed and built to effectively manage rainwater runoff with adaptive and native vegetation [6].

According to Habitat data from the United Nations, in 2050 about 68% of humanity will live in cities.
It is important to know that currently:

e account only 2 % of the Earth’s surface;
e consume 78 % of energy;
e produce more 60 % of greenhouse gas emissions [7].

In 2016 the United Nations itself improved the New Urban Agenda [8] to advise countries on their
urbanisation processes and make cities more habitable, inclusive, healthy, resilient and sustainable. This
document draws attention to the challenges posed by increasing urbanization and suggests possible courses
of action. In its latest version, it reinforces the 2030 Agenda's mission to support sustainable urbanization. In
particular, universal access to safe, inclusive and accessible green and public spaces, in particular for women
and children, older people and persons with disabilities, should be ensured by 2030 [8].

In May 2019, significant changes to the construction law were introduced in Georgia. The changes
concern planning, architectural and construction activities. It defines land development zones (subzones)
and/or the specificity of individual planning units, architectural and planning features as well as spatial and
cubature features of buildings, location of buildings, and their parameters. For each type of zone, different
requirements and dimensions of buildings, structures will be assigned. Therefore, the planned development
should meet the requirements of the plot zone/subzone. In the case of Thilisi, these are the following zones:
landscape and recreation, forestry, agriculture, recreational, special, residential, transport, public and
business, industrial and sanitation.

Specific greening factors are assigned to each of the zones and relevant subzones. K-3). The greening
factor (K3) determines the minimum share of land with greenery in a given area. Example for residential
zone 4, it is 0.30, 30%i.e. a minimum of 30% of the area must be covered with vegetation [9].

Green spaces play an important role in providing cities with basic natural processes. The research
published in the article [10] made it possible to estimate the impact of Thilisi's green cover on its ecosystem.
The analysis showed that the annual removal of atmospheric pollutants and the total carbon stocks associated
with the vegetation of trees and shrubs The results showed that the annual removal of air pollutants (CO,
NO,, O3, SO,, PM2.5 and PM10) is 1227 tons, or 2.444 t/km? The average annual carbon sequestration by
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trees and other vegetation is 43.72 thousand tons (87.09 t/km?). Trees store 1,097.9 kilotons of carbon
(2,187.95 t/km?) and the CO, equivalent is 4,025 kilotons. This is the first time that such an analysis of
Thilisi's ecosystem coverage has been carried out. The study revealed the significant scale and huge potential
of the 'green benefits' that urban vegetation provides to the city. This provides additional arguments for better
use of this knowledge for advanced urban green infrastructure planning in Thilisi in order to strengthen its
sustainable and resilient development. They point to the additional potential for environmental improvement
that green roofs and green, living building facades can provide.

The study showed that the share of green spaces, especially those used for recreation and ecosystem
services (i.e. parks, gardens, urban forests), is low in the centre of Thilisi. A comparison of green cover and
the total area of green areas (approx. 5 m2 of green areas per capita) with the European average proves that
Thilisi's green infrastructure should be expanded and developed. In addition, the results of the presented
study also revealed several important aspects of management and environment in Thilisi's urban space, such
as the uneven distribution of urban greenery, insufficient number of environmental services for the city's
residents. It is necessary to further develop "green zones" supported and taken into account in spatial
planning, especially in districts with limited accessibility and poor access to large urban parks (over 10
hectares) or other natural areas. It is particularly important for the city authorities to treat urban "green"
spaces not as "decorative elements”, but as an important urban asset of Thilisi, important for its residents and
visitors to the capital [10].

An interesting and valuable initiative is the Spatial Development Plan developed by the Thilisi City
Hall and the City Hall, which includes the concept of a "green city". When implementing the Green City
conceptual approach and including it in the spatial development plan, the following key provisions were
considered important:

* "The River and the City" (prioritizing recreational development on the banks of the Mtkvari River and
emphasizing the cultural connection between the city and the Mtkvari River);

* Opening and releasing small rivers and their beds;

* Development of unified green areas and garden parks;

* Separation of undeveloped areas from built-up areas with urban planning restrictions;

« Prioritising recreational and ecological functions to reuse brownfield land;

* Prioritise recreational and green functions in the planning of the development of Tbilisi's central multi-
purpose area;

* Polycentric development.

The development of Thilisi by its local government unit will be based on the above-mentioned concept
and key provisions. [11].

Examples of modern green building in Thilisi and Kutaisi are illustrated in photographs (Figs. 2, 3).

Such activities are in line with the concept of sustainable development, which among its strategies is
the creation of green buildings GB The development of the United Kingdom is a topic of increasing interest
due to the massive development of conventional infrastructure, which has a significant impact on the
degradation of the natural environment. The article [12] discusses the scoring that is assigned to the different
types of buildings described in the UK, based on the assessment of several specific parameters. The
developed rules give designers and tenants, a coherent view of the GB concept.

The paper [13] examines the impact of green roofs and double green facade on efficiency and energy
consumption in multi-storey buildings. Optimal configurations of the designed building envelope were
sought, examining their interaction and impact on energy demand. Analyses indicate that certain
combinations of green roof characteristics, such as vegetation types and coverage factors, can result in
significant energy savings through the right combination of fagcade design and building envelopes. The
combination of a roof structure with a green roof and a double facade significantly reduces carbon emissions
in hot climates.
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Fig. 2. Production coffeé plaht in Thilisi (Prbject KheladzArchitects)
[https://www.surfacesreporter.com/myuploads/1coffee%620plant.jpg]

T

Green roofs and green facades bring many benefits (e.g. mitigate the potential occurrence of flooding,
reduce the urban heat island, save energy, increase biodiversity, sequester CO;) and support sustainable
urban development. They are still being explored m.in order to implement them more widely in urban areas.
While the benefits of green roofs and facades are widely recognized, community perception and willingness
to pay for their installation in urban areas is still not clear or quantified. Public opinion and willingness to
pay for green roofs are fundamental to urban planners and policymakers, as they represent community
participation in sustainable urban development. Studies have shown that the majority of citizens are aware of
what green roofs are and facades that they can make a significant contribution to mitigating adverse climatic
and operational events in cities and buildings. The results also indicate a greater interest in installing green
roofs on public buildings than on private buildings, due to the high cost of installation [14].

F

4
Rl (o T L L
- y <

3- 90035l Lsbgeedob fgsmos 3gm®mbmdols 0blGoEwE oL Lsdgzbogmm BMmIsms 3OGgRdwmeo Ne76,2023 . 99



A. Ujma, I. Iremashvili, M. Tsutsqiridze

\

Fig. 3. Green roof of the Kutaisi airport building
[Photos: Kutaisi International Airport and taken by the authors]

Despite the green roofs on the outside of the buildings, there are green structures in the form of green
gardens, covered with transparent structures. An adequate supply of solar radiation is very important for their
proper functioning, ensuring the proper development of plants. In this paper [15], the curves of solar and
phytotubal spectra, mean sensitivity and spectral luminous efficiency for photopic vision were analyzed. The
integration of the curves makes it possible to recalculate the lux meter reading for the equivalent solar
illumination or the last one for the power of the phytolamp. This allows you to choose the optimal way to
illuminate your plants depending on the species.

The article proposes [16] a project of a new green roof structure to improve the efficiency of rainwater
management "Hybrid Green Roofs". The possibility of using the "blue" roof as a rainwater management
technology without vegetation, which allows for effective rainwater retention, was analyzed. The design
scheme and the principle of operation of the "green-blue" roof are given, and a comparative analysis of its
effectiveness in rainwater management with traditional and "green" roofs was carried out. The results of the
research were presented, which showed that the measured rainwater runoff from the "blue" roof is about 0.45
dm®/s compared to an ordinary roof with a runoff volume of 1.55 dm®/s. On the other hand, the runoff from
the "green-blue" roof is about 0.1 dm3/s, compared to the control roof (0.3 dm?/s). A "green-blue" roof has
been proven to be more effective at stopping rain runoff during prolonged rainfall than a "blue" roof.
However, both options can be used in urban buildings as effective methods of stormwater runoff
management in urban areas. A construction diagram and working principle of a "purple" roof is given - as a
type of roof that contains a spongy layer of hydrophilic rock wool, a dense layer of polyester fabric, and can
contain an additional cellular layer to increase the amount of rainwater that can be retained, thus reducing
peak flow by up to 95%. The results of research are presented, which confirm the technical feasibility of the
"purple” roof technology in terms of slowing down the flow and reducing the volume of rainwater during
rainfall of varying intensity. A "purple" roof, based on the concept of "storage", is conceptually and
technically different from a "green" roof, and can effectively delay peak rainfall, thereby reducing the
pressure on the local rainwater management system. Unlike a "green-blue" roof, a "purple" roof is passive —
the water runs off without any mechanical drainage points that could direct it elsewhere.

Provisions indicating the need to take into account spatial and environmental aspects in the current
urban policy, the need for revitalization and sustainable spatial planning will be included in the study [17].
The document shows the Polish approach in the context of the guidelines of the New Urban Agenda,
highlighting the important role of solutions based on natural and natural resources and the particular need to
promote such an approach.

The roadmap for Buildings and Construction 2020-2050 [18] to fully decarbonize buildings
throughout their life cycle and to support the development of national or regional strategies and policies sets
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"OUT Snort, medium and T10ng-term SCOPES T0T action 10 Create a DUITL envIronment that IS carbon-Tree, ercient
and resistant. It includes eight "actions": urban planning, new buildings, existing buildings, construction
operations, devices and systems, materials, resilience and clean energy. This document provides guidance on
actions on m.in green and blue infrastructure in cities (Fig. 4). It contains guidelines with set goals,
indicators that cities should achieve by 2030, 2040 and 2050.

Current status Short term Medium term Long term
(2020) (2030) (2040) (2050)
, b dala Increased data Broad data Al cities monitoring
Data collection L collection for metrics collection for metrics energy performance
and monitoring energy u s% i _Monitoring of Most of cities' energy and environmental
cifies environmental metrics use monitored metrics
Information Leading cities Widespread use of Majority of planning Widespread use of
syst mstan d using digital tools digital tools decisions are digital tools to
ystel for data collection Including participatory science-based, efficiently collect
tools and monitoring tools where relevant and analyse data
e 40% of jurisdictions 60% of jurisdictions Alljurisdictions
Street lighti J Sustainablo g use smart solar street use smart solar using solar street
reet lighting T lighting street lighting lighting and smart
lem%ologies 50% of jurisdictions 75% of jurisdictions controls
Leading Most : : All jurisdictions
S : plans with storm- All plans with storm-
Water ﬂ:gﬁgﬂ:ﬁ;}; water management water management apﬂ;:lzd:::;nd
management T Most apply reduce and All apply reduce and management and
management LTES e control storm-water
Leading 60% reduce and Alljurisdicti
jurisdictions with 30% reduce and reuse Junsictions
Waste reduce and reuse management s apply reduce and
management e ) e T 75% reduce and reuse waste
management reuse management
Minimal use of : ; 50% increase in
& L0 30% increase in green Goal of 9m? green
Vegetation vegﬁt;:%d;aon area per capita gree:a;::: per area per capita in
buildings 50% increase 70% increase all cities

Fig. 4. Technology timelines for urban planning globally [18]

In the case of water management in urban areas, the need to support the increased use of water
management technologies, reduce the volume and speed of rainwater runoff, increase landscape permeability
and rainwater retention is indicated. This will increase flood resilience and improve the quality of soil and
underground aquifers. Introducing the measurement of rainwater flow in downspouts, tanks, and drains using
smart sensors, giving city agencies the ability to identify where green infrastructure is needed to improve
drainage and mitigate the effects of the urban heat island.

For vegetation, proper landscape and vegetation planning can increase resistance to excess rainwater,
reduce the need for heating and cooling, and improve air quality through measures such as green roofs, green
facades, rain gardens in streets, parking lots, squares. Urban parks, in particular, are critical to improving the
guality of life in cities, cooling cities, and acting as sinks for greenhouse gas emissions and other air
pollutants. Vegetation measures should give priority to the use of native plant species.

Mitigation of the effects of urban heat islands (UHIs) should be sought (Fig.5). Impermeable, devoid
of vegetation and dark surfaces in cities tend to generate UHI effects, i.e. an increase in ambient temperature,
compared to other suburban areas. Buildings, streets, parking lots, and paved surfaces absorb more heat than
the moist surfaces of plants and their ground substrate, which release water vapor and provide shade to cool
the surrounding air. To minimize this effect and mitigate extreme heat, cities should set UHI reduction
targets and implement various programs to do so. Local authorities may seek to reduce impervious areas,
increase the protection of large volumes of tree canopy, create cool or green roofs and facades, or enlarge

3- 900350 LsbgeEedob fgsmos 3gm®mbymdol oblBodwEoL Lsdgzbogmm BMmdsms 3Ogdwmeo Ne76,2023 . 101



A. Ujma, I. Iremashvili, M. Tsutsqiridze

wetlands. Quantitative targets should be included in the city's formal plans and specify a future target date or
annual commitments.

Current status Short term Medium term Long term
(2020) (2030) (2040) (2050)
Urban heat Few cities with qu.t ci!ies with UHI A!I_citigs with UHI UHI increment
SPIEIOTI) miigation strategies mitigation strategy mitigation strategy reduced by 75% in
Foo d programmes UHIincrement reduced UHI increment reduced by it
mitigation and prog by 20% 50%

Fig. 5. Timeline of urban planning policies around the world, in relation to the urban
heat island (UHI) effect [18]

The latest version of the EU EPED (Energy Performance of Buildings Directive (recast)) [19] points to
the need to integrate green infrastructure, such as living roofs and walls, into urban planning and
architectural design. This can be an effective tool for adapting to climate change and reducing the harmful
effects of climate change in urban areas. Buildings should take into account climatic conditions, including
adaptation to climate change through green infrastructure, etc. Member States should encourage the
installation of vegetation surfaces that help retain and retain water, thereby reducing urban run-off and
improving stormwater management. Improving the good use and adaptation of public space surrounding
buildings with elements such as wood, green roofs and facades, and solutions inspired and supported by
natures.

According to the 2023 amendments to the EPBD Directive, buildings in the European Union must
meet zero-emission CO- standards:

o from 1 January 2026 — newly designed buildings occupied, operated or owned by public authorities;

e from 1 January 2028 — all newly designed buildings;

o from 2050, all buildings (both new and existing) [20].

The use of building envelopes with vegetation (green roof and green facade) should help achieve the
objectives of the EPBD. According to the Polish building regulations, green areas in buildings are classified
as biologically active areas in Poland Technical conditions to be met by buildings and their location —
Announcement of the Minister of Investment and Development of 8 April 2019 (Journal of Laws of 2019,
item 1065)

According to Polish building regulations, a biologically active area is an area:

e with an area arranged in a way that ensures natural vegetation of plants and rainwater retention;

e such an area also covers 50% of the surface of terraces and flat roofs with a vegetation layer with
vegetation and other surfaces (e.g. green facade), providing natural vegetation of plants, with an area
of not less than 10m?;

e surface water in this area.

Polish building regulations contain requirements for a minimum biologically active area.

1. On building plots intended for multi-family housing, health care buildings (except clinics) and education
and upbringing, at least 25% of the plot area should be developed as a biologically active area, if a different
percentage does not result from the provisions of the local spatial development plan.

2. The group of multi-family buildings covered by a single building permit provides for playgrounds for
children and recreational areas accessible to the disabled, according to utility needs, with at least 30% of this
area located in a biologically active area, unless separate regulations provide otherwise.

Green roofs are designed to withstand heavy rainfall and provide protection against both very high and
very low air temperatures or high temperatures on the surface of outdoor floors. Such properties are
primarily possessed by a green retention roof, which ensures an appropriate rate of water evaporation and
prevents the soil from drying out:

e extensive or standard green roofs are green roofs with a relatively thin layer of soil and vegetation;
suitable types of vegetation are succulents or, in the case of shady roofs, a mixture of mosses and
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= Nerbaceous plants, succulents nave a Nign water storage capacity; pnotovoltaic panels can also e
placed on such a roof, which further reduce the temperature on the roof surface; due to the relatively
light weight of succulent roofs, they can often be laid on top of existing roofs, even at an angle of
about 35°;

o intense green roofs have a thicker substrate and vegetation layer, as well as a greater variety of plants,
including shrubs, small trees, and nesting sites for birds and bats; such roofs can contribute to
biodiversity.

A way to encourage the creation of green roofs and facades are property tax reliefs and exemptions
introduced in several cities in Poland.

Below in the tables 1, 2, 3 are listed the amount of discounts in property tax, depending on the type of
partition with vegetation and the area occupied by it. Tax relief applies primarily to residential buildings.

In Table 1, data from Wroctaw adopted in 2015 for residential buildings and residential premises.

Table 1
Property tax reliefs in force in Wroclaw

Type of partition with vegetation Area occupied by Percentage of_ property
plants tax relief
. - . 50 — 80% 50 — 80%
Green roof in a building up to 5 storeys high 80— 100% 80— 100%
Green roof in a building with a height of more 50 — 80% 25 — 40%
than 5 storeys 80 — 100% 40 — 50%
<30 m? 20%
Vertical garden on the facade 30 m?—45m? 25%
> 45 m? 50%

An example of a building with vegetation, from Wroclaw. Extensive green roof 1600 m?, intensive
roof 860 m?, greenery on native land and in pots 360 m? (Fig. 6) [21]. Green facade with ivy on the external
walls of the Wroclavia shopping mall, Business Garden in Wroclaw and National Museum in Wroctaw (Fig.
5,6, 7).

5 S

Wroclaw [Photos: taken by the authors]

d

Fig. 6. Green square on the roof of the Wroclavia shopping mall in
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Mercure hotel building in Katowice (Fig 9) [23].

In Table 2, data from Katowice adopted in 2021 and from Kalisz adopted in 2021.Example of a green
roof over the International Congress Centre in Katowice (Fig. 8) [22]. Green facade on the facade of the

Fig. 8. Green fagades on the building of the National Musem in

Wroclaw [own photos]

Table 2

Property tax reliefs in force in Katowice and Kalisz

Type of partition with vegetation

Percentage of area
occupied by plants

Percentage of property
tax relief

Green roof 100%
Green fagade (minimum one) i
with vegetation rooted in the ground

Vertical garden on the fagade 50%

100% (reduction to 50%
in Katowice in buildings
with a height of more
than 6 storeys)
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““ ! | ' I ” -’Y L_-. ¥ .. i - -
Fig. 10. Green fagade on the Mercure hotel building in Katowice [23]

B S gV e

Fig. 11. Green fagade on a building located in ’Kalisz‘ [4]
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In Table 3, data from Cze¢stochowa adopted in 2022, established only for single-family buildings.
Example of a green roof over the EXG office building in Czegstochowa (Fig. 11) [25]. Green facade
created on the external wall of the City Hall building in Czgstochowa (Fig 12) [26].

Table 3
Property tax reliefs in force in Czestochowa
Type of partition with vegetation Percentage of area Percentage of property
occupied by plants tax relief

Green roof 100%

Green fagade (minimum one) 0

with vegetation rooted in the ground 50% 50%

Vertical garden on the facade 75%

Financial incentives for the creation of green roofs or facades have also been introduced by the city of
Poznan. Individuals, housing communities, entrepreneurs who set up a vertical garden or a green roof can
recover up to 100% of the costs incurred, but not more than PLN 25,000 (about EUR 5,600). The subsidy is
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‘awarded for the creation of a vertical garden or a green roof on single-family, multi-family and utility'
buildings only in Poznan. Co-financed projects must meet certain conditions [27].

CONCLUSION

Outdoor vertical gardens must form an area of not less than 15 m? plants should be placed on or
climbed on the outer vertical wall of the building; plantings should be watered.

Green roofs, on the other hand, should be adapted to the load-bearing capacity of the building; have a
maximum angle of inclination of 30° and a minimum area of 10 m?, They must also have a specific substrate
layer [27].

The authors propose the use of a new PLA composite in green structures (roofs, facades and around
buildings) in order to improve the vegetation processes of plants [28]. Thanks to the very slow water release
process of PLA, the maintenance conditions and quality of green areas on soils containing this composite
improve significantly. This is especially important in urban environments, which in many regions are
characterized by a lack of humidity, especially in summer.

This is one of the proposals that is part of the global trend of maintaining a sustainable path of
construction development, in particular in urban, industrial and communication areas, based on respect and
enrichment of the natural environment in order to preserve it for future generations.
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SOME PROBLEMS OF THE BLACK SEA POLLUTION
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INTRODUCTION

The aging of natural and man-made objects raises the problem of assessing their critical, i.e. the limit
state at which the object no longer satisfies operational requirements. The evaluation of the critical pollution
of the Black Sea based on the forecast of maximum permissible loads allows recommending a system of
conservation and protective measures that ensure the ecological balance of its use. The Black Sea is polluted
tens of times more than the central parts of the World Ocean. The main task is to assess the molismological*
condition of the Black Sea, i.e., to quantitatively determine the magnitude of pollutants in the water and
sediments introduced into the sea by both human activity and nature itself; calculate the economic efficiency
of investments in environmental protection measures.

MAIN PART

The geographical location of the Black Sea unites six countries - Bulgaria, Romania, Ukraine, Russia,
Georgia and Turkey. The maximum length of the sea from west to east is 1150 km, from north to south - 580
km, the area is 422,000 km?, the maximum depth is 2210.0 m, the volume is 555,000 km?, the total length of
the coastline is 4100 km, of which borders of Georgia - 310 km. The main factors determining the formation
and variability of ecological indicators of the Black Sea are: salt balance, dynamics of the sediment transport
by rivers. Significant contributions to the pollution of the Black Sea were made by the catastrophic accidents
at the Chernobyl Nuclear Power Plant and the breach of the dam of the Kakhovskaya hydroelectric Power
Station in the valley of the river Dnieper. Another important factor affecting the ecological condition of the
Black Sea is the change in climate conditions. The increase in temperature on the Earth and the rise in the
level of the World Ocean noticeably affect the sea level regime of the Black Sea.

Based on the analysis of data from several meteorological stations, a trend graph of changes in the sea
level regime, surface water temperature and air temperature over the Black Sea waters has been constructed
(Fig. 1, 2).

1Greek “molismos” — dirt, pollution
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Fig 1. Water level fluctuations in the Black Sea over the past 5000 years
1-according to K.K. Shilik; 2- according to S.V. Varushchenko; 3 - according to P.V. Fedorov: A -
Ancient Black Sea basin; B - New Black Sea transgression; C - Phanagorian regression; D — Nymphean
transgression; E-Corsunis regression; F-Modern transgression
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Fig.2. Average trend of the Black Sea level in the coastal zone of Colchis (AH) (1) and air temperature
(AT) (2)

One significant factor in the pollution of the Black Sea is the solid sediments carried by the flow of
rivers flowing into the sea. According to research conducted by scientists from various countries, the average
sediment load of the major rivers flowing into the Black Sea is approximately 0.1 km*/per year. If we assume
that the age of the formulated water mass in the Black Sea is 7000 years, then during this period 700 km?® of
sediments have entered the sea, which amounted to 0.13% of the total volume of the Black Sea water.

The Black Sea is replenished by freshwater runoff from rivers and saline waters coming from the
Marmara Sea through the Bosporus Strait. Due to the flow of dense saline water from the Marmara Sea into
the Black Sea and the formation of a denser lower layer of water and an oncoming lighter layer of water
from the Black Sea to the Marmara Sea, a layer with a rapid density change, known as the “pycnocline”, has
formed, with a depth ranging from 40 to 200 meters. The pycnocline serves as the boundary of the deep
anoxic (dead) zone.

One of the most significant factors contributing to the pollution of the Black Sea is the waters of the
rivers flowing into the sea and carrying, along with solid runoff, organic and radioactive waste in increasing
volumes. This has led to a catastrophic progression of Black Sea pollution. Irreversible ecological changes
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are already occurring in the northwestern regions of the continental shelf, while other areas are in a pre-crisis
state (lordanishvili, 1.,2014; lordanishvili, 1., 2009).

The transformation of the Black Sea ecosystem and mass mortality events are the result of the
presence of toxic heavy metals ions, chloroorganic compounds in the water, high concentrations of
substances hazardous to health on the surface, seabed eutrophication leading to hydrogen sulfide poisoning,
the input of organic waste, and radioactive substances into the sea. Based on ecological research data from
the international company ,,Ecosi®, it has been determined that anthropogenic phosphates input from river
runoff amounts to 50 thousand tons per year, with a cumulative volume of approximately 0.002 km? over
the last 50 years. Petroleum hydrocarbons (PH) accumulate in the upper layers of the sea, up to a depth of
1.0 meter, with an average concentration of (PH) over the last 50 years reaching 3 mg/I, totaling 0.000004
km?; the average hydrogen sulfide concentration increases with depth, measuring 0.4 ml/l at a depth of 150
meters, 1.5 ml/l at a depth of 500 meters, and 8.0 ml/I at a depth of 2000 meters; chlorinated hydrocarbons
— specifically gamma-hexachlorocyclohexane accumulate in the upper water layer (up to 10 m deep), with an
average concentration of up to 20 mg/l. Detergents (synthetic surfactants) and aromatic hydrocarbons (AH)
are in deeper layers, with concentrations of up to 100 ug/l; mercury concentration reaches 1 pg/l, salinity is
estimated by salt composition - more than 200 « 10 % m (Gavardashvili A., 2017). Among the pollutants of
the sea, radioactive contamination occupies a special place. An unprecedented source of radioactive
isotopes has been the accident at the Chernobyl Nuclear Power Plant. It should also be noted here that as a
result of the destruction of the dam of the Kakhovka HPP in Ukraine, which occurred on June 6 2023 18.2
million m*® of water was released into the Black Sea, pollutants from livestock, agricultural and other
facilities were discharged into the Black sea. Since the perimeter of the Black Sea is 4150 km, and the speed
of the surface water flow is 30 cm/s, then the polluted discharged water is deflected to the right by the
Cariolis force and has a counterclockwise direction (Fig. 3). Subsequently, the direction of currents is
influenced by wind and coastal configuration. As for the polluted waters of the Kakhovka Reservoir, they are
expected to reach the Kolkhida zone of the Black Sea, probably by the end of october 2023.
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Fig.3. The main directions of surface currents in the Black Sea

The theoretical definition of the maximum permissible (critical) pollution of the Black Sea, in
accordance to the definition by academician Ts. Mirtskhulava, looks as follows: the critical state of the Black
Sea will occur when the maximum value of polluting factors equals the value of the parameter determining
resistance to external factors (Mirtskhulava T.E., 2003). Then, for a monotonic dynamic process that
depends on the degradation of the Black Sea over time, it is possible to use a statistical differential equation:

dy(t) = my(t)dt + o(t)dx(t), (1)
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Where: y(t) is the determining (polluting) parameter; mg(t) is the average rate of change of the polluting
parameter; o(t) is the standard deviation of the polluting parameter; x(t) is a random component of the
Gaussian process.

The task is reduced to determining the time to reach a specified indicator of the degradation process. In
the case of a known conditional density of transition for a Markov process of the diffusion type from one
state to another, the problem can be solved using the Facker-Planck-Kolmogorov equation. The main task is
to identify the main cause of degradation, which is done with a known rate (m) of change of the polluting
parameter (1) with a constant standard deviation (o). After several mathematical transformations of equation
(1), a dependence for calculating the time of onset of vulnerable of the Black Sea to one or more of
pollutants is obtained:

hp(2+Z2C)) % \J' (4+zEcEzecE

t=

: (@)

Where: I, is the limit value of the parameter that determines the degradation of the object, after reaching

2Zm

which the object (the Black Sea) becomes vulnerable; Z is statistical resistance margin, which determines the
functioning of the object before it reaches its vulnerable state with a range of 0.00 <Z<4.99; m is the average

Tx

rate of change of the polluting parameter; C,, = ~ is the coefficient of variation, the value of which is equal

to the ratio of the standard deviation of the change in the polluting parameter (o) to its average value (E.

For especially important objects, the introduction of the system (6c) - will drastically reduce the
intensity of hazardous situations and increase the duration of the object (Black Sea) operation. To simplify
calculations using the “three sigma” rule with the help of the tolerance field, which is usually taken equal to
20% of the average value of the parameter (m), we have:

Om="—" = 0,033/ 3)

The results of the calculation for the main pollutant element - river sediment load to the Black Sea -
are given in Table 1.

Table 1
Results of calculations of the Black Sea vulnerability onset from river sediment load
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*)The average rate of sediment load in the Black Sea calculated since its existence - 7000 years;
**) Z - statistical resistance margin, determined by reliability level P>0.95
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The pollution of the Black Sea is primarily caused by rivers carrying domestic and stormwater runoff
from populated areas, runoff from watersheds, discharge of wastewater from industrial facilities, and
pollution related to tourism in the summer and autumn seasons. One of the largest sources of pollution in the
sea is the Dnieper River, which is one of the longest European rivers and flows through the territories of
three countries. Numerous industrial and agricultural facilities, cities, and smaller settlements are polluting
the Dnieper with various waste products, which has taken on catastrophic proportions in recent years. To this
day, traces of radioactive contamination from the Chernobyl nuclear disaster continue to be found in its
waters.

According to research by scientists from the Lancet Commission on Pollution and Health, over 9
million premature deaths per year are caused by pollution in the World Ocean. This is one of the most
important but still poorly studied and not universally recognized problems, the scale of which is yet to be
fully assessed. The ocean is filled with toxic metals, plastics, industrial and pharmaceutical chemicals, oil,
urban and industrial waste, pesticides, fertilizers, and sewage. More than 80% of these substances enter the
ocean through atmospheric deposition and direct discharges, while the remaining 20% come from ships and
offshore platforms. The effects of human activity are visible along the coastlines of low- and middle-income
countries, but this problem knows no bounds—pollution can be found far beyond national jurisdictions, in
the open ocean and near uninhabited islands. Trash, mercury, and toxin-contaminated fish have even been
discovered in the deepest point on Earth—the Mariana Trench, at a depth of 11,000 meters.

According to the Portnews agency, 23% of all Russian oil, 74% of Kazakh oil, and 65% of Azerbaijani
oil is exported via the Black Sea. Therefore, the Black Sea basin is polluted with heavy metals, oil, and oil
products, as well as garbage and chemical waste. According to the "Marine Red Book," the Black Sea ranks
high in terms of the amount of oil product discharge into it (research on water pollution by petroleum
products).

Studies by ecologists have shown that the water in the Black Sea is polluted with iron and oil to levels
exceeding permissible norms by four times. Specifically, there is a fourfold excess in iron concentration and
a 1.2 to 1.8-fold excess in oil and oil product concentration. Currently, about 160 species of fauna in the
Black Sea are at risk of extinction. Intensive shipping and the popularity of Black Sea resorts also contribute
to worsening the overall unfavorable environmental situation. The water in the Black Sea is unique: 87% of
its volume consists of hydrogen sulfide-saturated water, which is deadly to all living organisms. It could
become unsuitable for marine life within 20 years. Anthropogenic pollution of the marine environment is
currently significant, and the marine ecosystem is under substantial stress and unable to self-purify.
Improving the ecological state of the Black Sea can be achieved through various measures, including
reducing discharges, upgrading wastewater treatment facilities, raising environmental awareness among the
population, and implementing legislative and policy measures. The current situation of Black Sea pollution
highlights that individual countries are the contributors to this pollution, and the resulting damage affects all
countries in the region. Therefore, systematic international control and planning for the rational use of
natural resources and environmental protection are required. The effectiveness of these measures is related to
the determination of the amount of economic and social damage to society and nature. At the same time,
economic and social damage should be understood as losses in the economy and society, directly or
indirectly related to anthropogenic impact on nature and expressed in environmental pollution by all kinds of
pollutants, including aggressive toxic substances, noise, electromagnetic and other impacts.

Calculation of economic efficiency of capital investments in protection of water area from pollution
can be calculated in the first approximation by the formulas:

— . Pk _ N ICJ .
NPV_Z(1+r)k Z(1+i)i’ @

k=1 j=1
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", CF,
Tk __0
Z(1+ IRR)* ®)

k=0
where: NPV - Net present effect (mIn. monetary units); IRR - Internal rate of return, %; P, - Annual amount

of prevented damage, (mlIn. monetary units); IC j - Capital investments in environmental protection measures

(mlIn. monetary units); r - Discount factor.

The calculation of economic efficiency of investments in environmental protection measures in the
Black Sea area has shown their high efficiency. Thus, the net present value (NPV) calculated per one million
monetary units of national income of the countries of the coastal basin for ten years of its accumulation
amounted to 63.0 million monetary units, and the internal rate of return (IRR) of 22%.

CONCLUSIONS

Preservation of the Black Sea ecosystem is possible with careful attitude to it, implementation of a set
of measures including technical, organizational, educational, etc. activities. This problem requires constant
monitoring and search for new solutions.

The current pollution situation in the Black Sea shows that the polluters of the water area are usually
individual States; the damage caused by this pollution extends to all countries in the region. Therefore,
systematic international control and planning for the rational use of natural resources and environmental
protection is required.

The economic efficiency of investments in environmental protection measures in the Black Sea area is
characterized by a high net present value (NPV) and internal rate of return (IRR).
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INTRODUCTION

The disasters, caused by mudflows and landslides, as a rule, are characterized by extremely serious
results and entail not only violation of population’s normal business, but also casualties, ruining and
destruction of material values, infrastructure, established natural eco-systems.

As a result of the landslide and mudflow event in Shovi mountain resort, Georgia, 31 people are dead,
two are gone missing (the data as of August 25); bridges are ruined and the Shovi access road is damaged.
Rescuers and police removed from the disaster zone more than 200 people by helicopters.

The Shovi tragedy, unfortunately, is not a local or episodic event. Mudflows and landslides are serious
problem faced by the entire world.

MAIN PART

As a result of climate changing during the last ten years, disasters caused by mudflows and landslides
have become more frequent in the world. As examples can serve the natural calamities of the year 2017:
December 23 — in Philippines, September 1 — in Kabardino-Balkaria, August 8 — in China, April 19 — in
Columbia, causing many cases of death. In 2016 Kirgizia was simultaneously attacked by several mudflows.

On June 13, 2015, in Thilisi (Georgia), drastically increased level of precipitation caused landslide, the
landslide mass blocked the Vere River bed and created the mudflow, which resulted in serious harm for the
city. In 2014 mudflows, landslides and floods inflicted great damage to various regions of China, Tajikistan
and USA.

This tragic list of disasters caused by mudflows and landslides can be endlessly extended. The given
examples show the necessity to create the methodology for determination of the damage caused by
mudflows and landslides. As a consequence, it should be mentioned, that the technological equipment
becomes useless (if not washed away by the flow). In the case of mudflows and, especially, of landslides, if
such equipment is only damaged by mud, while the disaster results liquidation works, it is damaged to such
extent, that it can never be restored.

Generally, the damage caused by the mudflow and landslide can be defined by the formula:
En

D;(t) = j dydt (1)
¥
where d s i-object damage, equal
d, =K +K,+K,,
K1 - balance cost of the i-object’s destroyed part;
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Ks - capital cost of restoration of the i-object’s destroyed part;
Ks - structure restoration cost.
Damage of industrial objects can be defined by the formula:
En

D;,(t) = J‘ d;dt (2)
o
where di is i-object’s damage, equal
di=di+de+ds+ds+ds+ ds

ds - the damage caused by destruction and destroying of industrial equipment;

d> - the damage caused by destruction and destroying of industrial and non-industrial
buildings-structures;

ds - the costs of restoration-repairing of industrial buildings-structures, replacement of
destroyed equipment and repairing of damaged ones;

ds - the costs of restoration-repairing of non-industrial buildings-structures, replacement
of destroyed equipment and repairing of damaged ones;

ds - the damaged caused by destruction of raw materials, supplies and non-realized final
products;

ds - he damages caused by the industry downtime due to the disaster.

Ecologic-economical damage in resort-recreation, village and forestry is expressed by destruction of
resort-recreation infrastructure, agricultural and forest areas, perennial plants and death of animals,
destruction and destroying of agricultural machines and equipment. The caused damage can be calculated

using the formula:
En

D,.(t) = j fld.+d, +d, +d;)dt (3)
¥o
where dr is the damage of the resort and recreation zones;
dp - the damage of the plant-growing branches;
da - the damage of the animal husbandry and fisheries;
dr - the damage of forestry.

The damage of the resort and recreation zones means the damage caused by damaging and destroying
of the spa buildings-structures and destruction of recreation facilities and the cost of their restoration-
repairing. The damage caused to the environment is calculated as the forestry damage.

The damage of the plant-growing branches means loss of agricultural annual and perennial crops, the
cost of restoration of agricultural land productivity, replacement of destructed perennial plats with new ones,
restoration-repairing of damaged agricultural machines and equipment.

The damage of animal husbandry and fisheries means the damage caused by killing of animals and
destruction of fish, the expenses incurred for restoration of the animal and fish population, the cost of
restoration and repairing of the animal husbandry structures, restoration and repairing of the fish pool
structures, initiating of sanitary-epidemiological measures.

The forestry damage arises as a result of washing away of the forest areas, decreasing their
productivity, the cost of forest restoration.

The damage of the communal service is defined by the formula:
21

Deom(t) = j fldy +ds +dy+dy+ds +dg)dt ()
i
where  d is  the damage caused by destroying of damaging of the residential fund;
d, - the cost of construction and repairing of the residential fund;
ds - the cost of the damaged public transport repairing;
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ds - the cost of the road infrastructure restoration;
ds - the cost of green plants planting and improvement;
ds repairing of the potable water infrastructure.

Besides, the general damage shall involve the cost of search and rescue operations (C1), evacuation of
the population (C>) and disaster results liquidation (C3) works:
En
Dy (t) = j FIC+ Cy+ Cyldt (5)
i
The economic efficiency of anti- mudflow and landslide measures is defined by the formula:
n Pk m |CJ
sy _;(1“)1 ©)
The IRR implies the value of the discount coefficient (r), for which NPV = f(r) = 0. If we get IC; =
CF,, the IRR can be calculated from the functional connection:

NPV =

n
Y k=0 (7)
= (@+IRR)
where NPV is  the net present value (min GEL);

IRR - internal rate of return (%);

Pk - annual value of the avoided damage (mIn GEL);

IC; - capital investments in environment protection measures (min GEL);

r - discount coefficient;

i - expected average level of inflation.
As an example, there is given the calculation of economic efficiency of the anti- mudflow structure
innovative design of Ts. Mirtskhulava Water Management Institute of Georgian Technical University.
The calculation has shown that the 20-year operation of the structure using IRR 42% allows
accumulation of the NVP in the amount of GEL 87,6, which indicates high economic efficiency of capital
investments in protection of the country territories against natural calamities.

CONCLUSIONS

To minimize the number of casualties as a result of mudflows and landslides it is necessary to establish
the population early warning system against possible mudflow and disastrous landslide; construction of new
residential buildings and recreation-resort facilities to be categorically prohibited in the hazardous mudflow
and landslide zones, construction of the structures causing additional load for the ground to be restricted.

In the hazardous mudflow directions, there should be constructed a system of anti- mudflow structures
which will minimize the destructive outcomes of the dangerous natural event.
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INTRODUCTION

The mountain-meadow zone includes Ararat, Aragatsotn, Gegharkunik, Lori, Kotayk, Syunik, Vayots
Dzor, Tavush, Shirak regions of the administrative territory of RA. There are many resources for the socio-
economic and environmental development of this area, but it is necessary to explore alternative innovations
to promote and support the development of these territories. Visiting the distribution areas of rare plant
species can be attributed to one of the important areas for the development of ecotourism. For a visual and
geographical display of the distribution areas of rare plant species, the following plant species (GIS) of the
environment are mapped in geographic information systems, the same map is compared with the PA layer in
order to it was clear what arrangement the studied plant species have in relation to various historical and
cultural plants, places and objects at the preparatory stage of research on the example of the Armavir Marz
(highlighted in pink) it was shown that there are no plants in the mountain meadow zone (above 1800m), but
there are specially protected territories in Armavir marz where insects live (Ararat cochineal). In ancient
times, the Armenians received a paint with the same name, and the country was named scarlet in honor of
this paint. The results of digital mapping of the protected areas of the Republic of Armenia in
combinationwith the distribution of rare plant species of the mountain-meadow zone in the ArcMAP system

are presented in Fig.1.
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Figure 1. Results of digital mapping of Specially Protected Natural Territories of the Republic of Armenia of rare
plant species in the mountain meadow zone in the ArcMAP system
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MAIN PART

It is clear that ecotourism, based only on the observation of rare plant species, is unlikely to give a
sufficient economic result, but if it is combined with cultural, educational, environmental, historical,
everyday fundamental approaches of communities, then the number of visitors to these objects can reach
sufficient volumes, to contribute to the individual sustainable economic development of communities [8],
[9], [10].

The material of the study is the mountain-meadow zone of the Republic of Armenia, at an altitude of
1800-3000 m, according to biodiversity data, 452 plant species were selected from the Red Book of the
Republic of Armenia, 47 plant species with the smallest number of locations were selected, and more than 20
species of rare plants were mapped and located in an ArcGIS environment. The results of their placement
and digital mapping are presented in (Fig. 1) [1], [2].

The research method consisted in comparing the results of digital cartography with the settlements of
the mountain-meadow zone, land owners, land designation and land ownership entities.

The paper highlights the territories occupied by rare plant species of Vayots Dzor (Tablel) and Syunik
(Table 2) of the 2 regions of the Republic of Armenia and the historical and cultural places surrounding
them.

Table 1
Rare plants of Vayots Dzor region [3], [4]

No Rare plant Locality Height above sea
level

1 Astragalus prilipkoanus Grossh. 3 1000-2500

2 Cicer anatolicum 5 1800-2550

3 Allium woronowii Miscz. ex Grossh. 4 1800- 2300

4 Astragalus saganlugensis 2 1800-2700

5 Oxytropis karjaginii 3 1200-1400

6 Inula acaulis Schott & Kotschy ex Boiss. 4 2300-2800

Table 2
Rare plants of Syunik region [3], [4]

No Rare plant Locality Height above sea
level

1 Astragalus prilipkoanus Grossh. 3 1000-2500

2 Cicer anatolicum (Chickpea) 5 1800-2550

3 Polystichum lonchitis (L.) Roth 2 2200-3000

4 Astragalus saganlugensis 2 1800-2700

5 Corydalis verticillaris DC. 4 1900-3100

6 Tulipa sosnovskyi Achverdov & Mirzoeva 5 700-2300

7 Bromopsis zangezura Oganisian 5 1500-3200

8 Allium egorovae M.V.Agab. & Ogan. 1 2300
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Figure 2. Results of digital mapping of a rare plant species of the mountain-meadow zone of Cicer anatolicum in
the Google Earth system [12]
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Figure 3. Valuable and picturesque places of Vayots Dzor region in the Google Earth system around the Cicer
anatolicum, a rare plant species of the mountain meadow zone [12]
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Figure 4. Cicer anatolicum, a rare plant, is located at a distance of 7113 m northeast of the VVayots Dzor Church
of St. Gevorg or Chiki Monastery in the Google Earth system [12]
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Figure 5. Cicer anatolicum, a rare plant, is located 7113 m northeast of the Vayots Dzor church of St. Gevorg, or
Chiki monastery, and the Gndevank and reservoir Ger-Ger are located another 5366 m southeast of
the rare plant in the Google Earth system [12]
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Figure 6 St. Gevorg Church in Vayots Dzor region, Mapcarta.com shows at what level it is located and What
recreation areas there are around the St. Gevorg Church

The object of digital mapping, as already seen from the mapping results, is Cicer anatolicum (Table.
1), (Fig. 1), the agrobiological features and practical significance of which are as follows: chickpea is an
ancient crop in Armenia, there are forms of cultivated chickpea (C.arietinum L.) belonging to different
geographical groups [6], [7]. Only the number of varieties is 51, in addition, several dozen more forms by
ecotypes are indicated, which are characterized by the shape of seeds, color, etc. The shape of the seeds is
very variable. In arid conditions, the main part of chickpea seeds is angular, with a thick skin, in wet
conditions it is pea-shaped, with a thin skin. Local chickpeas in Armenia are very diverse, many of them are
endemic and are of great value as breeding raw materials. Unfortunately, local forms of chickpeas are
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currently less common in cultivation. Wild chickpea species (C. minutum Boiss. et Hohen and C. anatolicum
Alef.) also grow in Armenia, which also confirms that this region should be considered as one of the centers
of chickpea genealogy and development. C. anatolicum is a rare species found in isolated places in the
Khosrov State Reserve, Daralagyaz and Meghri floristic regions. C. minutum Boiss is also a rare species of
great scientific importance, growing on the outskirts of the alpine zone of Daralagiaz. The challenge is to
conserve and use the rich gene pool (Fig. 2), ( Fig. 3), ( Fig. 4), (Fig. 5).

The next object of research was very valuable and beautiful plants of the Syunik region, the national
park, the Shikahogh reserve (Table. 2), (Fig. 7).
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Figure 7. In the national park of the Syunik region, in the Shikahogh reserve, in the vicinity of which the
waterfall Tsavi, Alvank, Shvanidzor are located, there are many valuable and beautiful plants that are the best
examples of wildlife and tourism [12]

Using the site data-download-gfw.hub.arcgis.com, the river network of the study area was mapped and
supplemented with tabular data, in particular, for the development of water tourism [13].
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Figure 8. River network of RA in Santa data-download-gfw.hub.arcgis.com
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Figure 9. River network of RA in Santa data-download-gfw.hub.arcgis.com in the form of a table [13]

With the help of storymaps, it was possible to map the historical information of individual objects
using pictures and develop it in order to promote tourism in the region [11].

B Hosocrs. x ] Toura Mailru x | @ Searchior™ |date-downioad X | [ ArcGIS StoryMaps 3 T StoryMaps X Mo US2k 22 -ami x| W ince - Tubpanp-< X | ® -"Ea

€ > C 3 @ hupsy/storymapscom 2% »0@ :
a- i
i, StoryMaps Overview Features Explore Leam Pricing Sign in

Great storytelling
wherever you are

Whether you're on the couch or at the beach, you can
connect with other authors and explore new
destinations through the StoryMaps mobile app

By dlicking “Accept All Cookies", you agree to the
storing of cookies on your device to enhance site

navigation, analyze site usage, and assist in our
Overview  Features  Explore  leam  Pricing  Blog o marketing efforts.

Accept All Cookies

Moxasamece X

Figure 10. https://storymaps.arcgis.com/
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CONCLUSIONS

The study allows us to conclude that in order to preserve wildlife, develop activities that promote a
healthy lifestyle for people, spread ecotourism, motivate the local population and generate economic profit,
the created maps can help organize these activities more efficiently and for socio-economic sustainable
management. Ecotourism is often considered an economic alternative for rural areas facing declining profits
[5]. Ecotourism contributes to the conservation of ecologically sensitive areas, benefits the economy of local
communities, provides the population with an educational experience based on nature, and introduces
visitors to the local culture. Unlike mass tourism, nature tourism is characterized by individuality, a small
number of tourist groups and a territorially dispersed provision of services, which makes it difficult to assess
economic and regional development [10]. Nature tourism is already playing a role in supporting the lives of
people in peripheral, rural areas and providing valuable additional jobs in regions suffering from severe
structural unemployment.
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ABSTRACTS

Management of water resources

GIS TECHNOLOGIES IN THE ASSESSMENT OF THE MORPHOMETRIC
PARAMETERS OF THE MOUNTAIN RIVER

A. Arifjanov, D. Atakulov, U. Vokhidova, M. Osmonova
National research university “Tashkent institute of irrigation and
agricultural mechanization engineers”
Tashkent, Uzbekistan

The article presents the results of the research on erosion and accumulation processes in the foothills
of the river. Sox stream was selected as the research object. Relationships of morphometric parameters in the
Sox stream were studied on the basis of GAT technologies. Used Sentinel 2 satellite images. Downloaded
images were analyzed using Arc Map software. Natural field studies were conducted in the selected part of
the Sokh River in the Fergana Valley of Uzbekistan. In natural field studies, hydraulic parameters of the
stream, water turbidity and morphometric parameters of the bed were measured over the years. Based on the
statistical analysis of the data collected in the characteristic plots during the researches, the graph of the
dependence of the width of the flow level B on the water discharge Q was constructed Q=f(B). Using GIS
technologies, the surface of the stream level was determined by the normalized difference index of water
NDWI. The obtained results were compared with existing methods. As a result, it is possible to use GIS
technologies to evaluate the morphometric parameters of the riverbed in the mountain river. The changes
taking place in the river bed are analyzed and conclusions are presented.

Key words: GIS, Sentinel, satellite, river, map, channels, flow, water consumption, image analysis,
morphometry.

Hydraulic Engineering

DETERMINING THE AVERAGE DIAMETER OF SEDIMENTS TRANSPORTED
BY THE DEBRIS FLOW

Q. Dadiani, I. Qufarashvili, M. Mghebrishvili, L. Maisaia, N. Nibladze
Ts. Mirtskhulava Water Management Institute of Georgian Technical University
Thilisi, Georgia

The article presents the results of field scientific expedition research and determines the average
diameter of sediments transported by the debris flow. The scientific research of the riverbed was carried out
in the territory of Mtskheta Municipality, particularly, in the Monastic ravine, nearby the Shiomghvime
Monastery Complex.

Key words: Sediments, debris flow, granulometry, gradation, integral curve.

Hydrology — meteorology
CLIMATE CHANGE-INDUCED DISASTERS AND THEIR PREVENTION

R. Diakonidze, J. Phanchulidze, L. Tsulukidze, I. Kvirkvelia,
K. Dadiani, N. Nibladze, M. Glunchadze
Ts. Mirtskhulava Water Management Institute of Georgian Technical University
Thilisi, Georgia

The scientific article showcases the findings from natural field studies, discusses the predictive value
of maximum water costs based on field studies conducted in Sighnaghi municipality. The study was carried
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out at the monastery of St. Nino of Bodbi and on the damaged section of the road connecting Sighnaghi-
Dedoflistskaro.

The study determined the predictive values of different provisions for maximum water costs on two
waterways, near St. Nino Mother Monastery of Bodbi and the Sighnaghi-Dedoflistskaro highway section.

The report presents the causes of flooding, along with relevant conclusions and recommendations.

Key words: freshet, flooding, drainage, water consumption, drainage collector, catchment basin.

Hydraulic Engineering, Environmental protection

DEBRIS FLOW REGULATE ELASTIC BARRAGE
(Innovation, modeling, design, construction)

Givi Gavardashvilit?, Eduard Kukhalashvili*?, Inga Iremashvili‘?
Y Tsotne Mirtskhulava Water Management Institute of Georgian Technical University
2 Ecocenter for Environmental Protection the Organization
in Category of Consultative Status with the Economic and
Social Council (ECOSOC) of UN
Thilisi, Georgia

The article presents the whole cycle of the implementation of the debris flow regulation
elastic dam in practice, such as: innovation, laboratory modeling, development of scientific
methodology for designing, preparation of the designing project and construction.

The scientific work was carried out under the financial support of the Shota Rustaveli
National Science Foundation of Georgia Grant Project AR_18-1244 (2018-2023), and the following
work was carried out - an innovative debris flow regulation structure was developed, the priority of
which is certified by the Georgian patent certificate # P 2020 7068 B.

In the Hydraulic Engineering Laboratory of the Tsotne Mirtskhulava Water Management
Institute of Georgian Technical University, which has 98 years of experience, a large-scale
laboratory modeling of the debris flow regulation elastic dam was carried out and the hydraulic
parameters of the innovative structure were determined that are used for developing the structure
designing methodology.

Using the topographical, hydrological, and other main characteristics of the Mletis Khevi river
and the computer program "Lira Sapr 2019" (License Number 1/7165), the optimal sizes of the
debris flow control elastic dam and foundation were calculated.

With the help of the developed detailed design project, in September-October 2022 the
structure was built in the bed of the Mletis Khevi river, and in the summer of 2023 the structure
operated effectively under the first dynamic debris flow load.

Key words: Mleta River gorge, Debris flow, Debris Flow Regulating Elastic Barrage.
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Environmental protection

FORMATION OF WATER QUALITY SELF-CLEANING PROCESSES IN THE
ISANI-SAMGORI FILTER STATION OF THE TBILISI RESERVOIR

K. lordanishvili?, 1. lordanishvili?, K. Bziava?, N. Kandelaki, T. Supatashvili?,
G. Omsarashvili?, E. KhosroshviliV, D. Potskhveria®, L. Bilanishvili®
Y Ts. Mirtskhulava Water Management Institute of Georgian Technical University
2 University of Georgia
Thilisi, Georgia

The article discusses the dynamics of the chemical composition of water in the Isani-Samgori filter
station of the Thilisi reservoir, taking into account the water change and morphological indicators of the deep
water period. The main chemical indicators of water are compared to allowable normative indicators.

Key words: Thilisi reservoir, water chemical indicators.

Earth Sciences

REASONS, PREDICTIONS AND PROBLEMS OF EXTREME EVENTS AND
PREVENTION

L. ItriashviliV, E. KhosroshviliV, G. Kighuradze?
Y Ts. Mirtskhulava Water Management Institute of Georgian Technical University
2 1lia State University
Thilisi, Georgia

Rivers are complex systems whose condition depends on the mutual influence of many inter-
dependent climatic, hydrological and geological factors. These are connected with hydrological systems,
which are presently departing from the state of thermodynamic equilibrium, and are subject to instabilities.
with non-linear effects. As a consequence, the mean values of moisture reserves, river runoff, amplitude of
temperature fluctuations, evaporation and other parameters are exhibiting characteristic behavior of self-
excited oscillations. This paper shows that use of standard processing of hydrological time series of
distributions from the exponential family presupposes uniform stability of the hydrological system over the
entire range of its parameters, without taking into account the specificity of hydro-physical processes in the
catchment area, which in definite conditions may lead to extreme phenomena. It is concluded that
descriptions of multiyear fluctuations of river runoff by linear equations cannot be satisfactory from the
physical point of view, as even small non-linearities in a dynamic system substantially alter the tails of
distributions, and hence the assessment of the probability of catastrophes.

Key words: catastrophic floods, river basin, river runoff, self-excited oscillations, tails of distribution.

Hydro-amelioration

DETERMINING THE WATERREQUIREMENTS OF AGRICULTURAL CROPS
FORTAMARSI VILLAGE OF MARNEULI MUNICIPALITY IN KVEMO
(LOWER) KARTLI REGION

O. KharaishviliV?, P. Sichinava®, N. Mebonia?,
M. KikabidzeV?, L. Baidauri?, N. Sukhishvili?, L. Toklikishvili®
Y Tsotne MirtskhulavaWater Management Institute of Georgian Technical University,
2) Georgian Technical University
Thilisi, Georgia
The water requirements of agricultural crops under natural conditions can be satisfied by the available

moisture in the soil and atmospheric precipitation, but in drought periods, this amount is often not enough,
and therefore irrigation is necessary.
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For agricultural crops, it is important to determine the irrigation mode correctly. For estimation of
water supply, Prof. G. Selianinov's method was used. The need for irrigation was determined for Tamarisi
village of Marneuli municipality, soil irrigation indicators were defined and stated that values of which are
significantly differ from the existing ones.

The share of the occupied area of each crop on each agricultural plot of the village Tamaris and the
values of the water duty were calculated and determined, were constructed, an uncompleted water duty graph
was created, which showed us the uneven distribution of water demand, as a result, after adjusting the
uncompleted graph of the water duty, a complete water duty graph was created according to which the
amount of water required by the village of Tamarisi, taking into consideration the irrigation periods, was
defined and the water demand curve was built.

Key words: irrigation, water duty, irrigation rate, water requirement, water supply.

Hydro-amelioration

AMELIORATIVE INDICATORS OF SOILS IN THE IRRIGATION ZONE OF THE
CASPIAN AND MTSKHETA MUNICIPALITIES OF THE SHIDA KARTLI PLAIN
OF GEORGIA

O. Kharaishvili, E. Kechkhoshvili, F. Lortkipanidze
Tsotne Mirtskhulava Water Management Institute of Georgian Technical University
Thilisi, Georgia

The article considers the issue of determining the reclamation indicators of soils in the irrigation zone
of the Caspian and Mtskheta municipalities of the Shida Kartl Plain in order to clarify the irrigation regime.
The soils of the considered zone, from the reclamation point of view, are grouped into seven categories
based on the relevant experimental data. For each category, the values of ameliorative indicators are given.
Based on the data obtained, the irrigation rate was determined. The minimum value of soil moisture, which
determines the start date of the next irrigation, has been established.

Key words: The soil, Bulk mass, Limiting moisture capacity, Maximum molecular moisture capacity,
Irrigation rate.

Earth Sciences

EFFECT OF SHEAR FORCE ON THE STABILITY OF VULNERABLE SLOPES

N. Kvashilava, I. Khubulava, I. Kvirkvelia
Tsotne Mirtskhulava Water Management Institute of Georgian Technical University
Thilisi, Georgia

In the article, it is discussed in what cases the soil can move from the landslide-prone slope
during water saturation.

It is also discussed how important the soil's grip strength is for its dry state and in the case of
water saturation.

Key words: shear force, debris flow dangerous slope, slopestability.
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Construction

ARTIFICIAL INTELLIGENCE AS AUTOMATION AND ROBOTISATION TOOL
IN CONSTRUCTION PROCESSES

J. Niemiro-Mazniak, M. Major, I. Major
Czestochowa University of Technology
Czestochowa, Poland

Artificial intelligence is becoming a widely used tool in various areas of human activity. Its
dynamic development makes the integration of Al technology in the construction industry a
primary focus of research and development. Alongside the technologically advanced production of
building materials and prefabricated components, robotics becomes a key element in the
construction process itself. Automation and robotization in construction, involving the replacement
of human labor with machines, lead to increased efficiency and reduced costs in construction
investments.

The paper discusses the impact of artificial intelligence on construction, based on the
technology of implementing construction processes using digital tools. Examples of effective
pursuit of autonomous implementation of construction processes were indicated, reducing human
work and increasing the efficiency of implementation. The characteristics of new technologies are
presented and the role of machine learning in construction is discussed. Based on a literature
review, examples of utilizing machine learning, including deep learning, in the construction
industry are highlighted. The observed increase in the integration of advanced artificial intelligence
technologies with traditional construction processes creates numerous possibilities influencing the
efficiency and development of the construction industry.

Key words: artificial intelligence, robotics construction industry.

Hydrology — meteorology

ANTROPOGENIC IMPACTS TO RIVERBED DEFORMATIONS —
CASE STUDY AGHSUCHAY RIVER

A. Nuriyev
Baku State University
Baku, Azerbaijan

Shirvan region rivers, similar to most mountain rivers in Azerbaijan, have experienced significant
changes in their depositional environment due to anthropogenic disturbances and climatic influences in
recent decades. Urbanization and agricultural developments caused an increase in hydrotechnical
constructions and gravel mining facilities in the river basins. However, knowledge of how the river channel
and bed deformation respond to these changes is limited. This study takes the Aghsuchay river as a case
study. Bathymetric and cross-sectional data were collected from 2013 to 2021 and were analyzed to address
the changes in the depositional environment. The results indicate that the whole riverbed in the Aghsuchay
River has been scouring after the construction of the intake facility of the irrigation canal and this trend is
expected to continue in the future due to decreasing sediment supply from the upper watershed. Based on
observations, approximately 3 m of vertical deformation occurred in the riverbed.

Key words: Aghsuchay river, riverbed deformation, gravel abstraction, anthropogenic impact,
sedimentation transport
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ABSTRACTS

Environmental protection

AGRICULTURAL LANDS POLLUTEBLY CHLORPYRIPHOS — CONTAINING
PESTICIDES IN GEORGIA

M. Shavlakadze, G. Natroshvili?, L. Itriashvili®, K. Didebulidze?,
A. Gujabidze®, Kh. Kiknadze®
D238 Tsotne Mirtckhulava Water Management Institute of the Georgian Technical University,
99) Agricultural University of Georgia
Thilisi, Georgia

The pesticides used in Georgian agriculture contain a big concentration of chlorpyriphos
CoH11CisNOsPS- one of the most widely used organophosphorus pesticides which undergo 4 stages of
metabolism when getsinto the soil. The products depleted on the 3-rd and 4-th stages — diethyl triphosphate,
3, 5, 6 tricolor 2-pyridinol — represent one of the most toxic substances. The mentioned problem is
aggravated by the fact thatdue to low awareness of ecology the use of pesticides is non-regulated and is
implemented with the breach ofthe dates.

Lately in Georgia on the background of intensive development of agriculture the problem of
agricultural soil pollution became an urgent problem, since unregulated use of pesticides by the population
became an indirect cause of many acute diseases.

At present, there are no means for effective remediation of pesticide-contaminated land resources in
Georgia, and it is this information vacuum that will be filled up by the proposed research on agricultural soils
contaminated with pesticides and related metabolic products that involves the bioremediation of agricultural
soils contaminated with chlorpyrifos-containing preparations (Dursban) using anaerobic bacteria.

In case of implementation of studies planned in the grant project, the activity characteristics of
microorganisms will be determined to achieve the biodegradation of the final toxic products of chlorpyrifos-
containing pesticide metabolism, which in its turn is an innovative approach to the issue.

Key Words: Chlorpyrifos, Biodegradation, Metabolites.

Hydro-amelioration, hydrotechnics
MODELS OF THE FORMATION OF WATER-AIR REGIME OF SWELLING
SOILS AND THE POSSIBILITIES OF THEIR USE IN THE CALCULATION OF
DRAINAGE AND OTHER MELIORATION MEASURES

V. Shurghaia, Sh. Kupreishvili, G. Vakhtangishvili, L. Kekelishvili, S. Modebadze

Tsotne Mirtskhulava Water Management Institute of Georgian Technical University,
Thilisi, Georgia

Due to its complexity, the exact mathematical description of the process of fluid movement in the
swelling soil has not been properly studied, so in such cases, more complex mathematical models used in
related fields are often used.The authors propose the adaptation of the model obtained for non-swelling soils
to the swelling soils of the Kolkheti Lowland, taking into account their properties. The fairness of such an
approach was tested under natural conditions.The obtained result confirmed the validity of its use.

Key words: swelling soils, non-swelling soils, mathematical model, total moisture capacity,
precipitation, total evaporation.

G- 90OEbIEgsL Lsbgemdol fyserms 8gm®bgmdols oBlGOGIGOL bsdEbogHe 3Bmsms 3Mgdrwo Ne76,2023 §. 131



ABSTRACTS

Construction, Environmental Protection

THE NEED TO CONNECT BUILDINGSWITH THE NATURAL ENVIRONMENT
AND RAINWATER RETENTION IN MODERN CONSTRUCTION

A. Ujma?, I. Iremashvili 2, M. Tsutsqiridze
Y University of Applied Sciences
Nysa, Poland
2 Tsotne Mirtskhulava Water Management Institute
of Georgian Technical University
Thilisi, Georgia
% Georgian Technical University
Thilisi, Georgia

Anthropogenic human activity contributes to very adverse changes in the natural environment. This is
especially true for urban areas. Hence, for some time now, scientists, institutions and institutions have been
aware of the risks, sustainability has become a key factor in various industries. In particular, the construction
industry has adopted the concept of green infrastructure, which focuses on the design and construction of
buildings and infrastructure with minimal environmental impact, and the World Green Building Council
estimates that energy demand in buildings will double by 2050. Globally, buildings and the built
environment are responsible for approximately 39% of global CO; emissions (28% from operational
emissions, the energy needed to heat, cool and power them, and the remaining 11% from materials and
structures). Construction consumes 50% of the world's natural resources.

The process of increasing demand for energy in the construction industry must be accompanied by a
gradual reduction in the production rate of CO, and other air pollutants, improving the comfort of use of
buildings and ensuring environmental safety, and others. Actions aimed at such effects must be carried out in
many areas, including building partitions.

The main task of contemporary, modern construction is to participate in the process of improving the
condition of the natural environment, m.in. by increasing the energy efficiency of the construction sector.
These tasks can be solved by using, m.in, green structures in combination with building structures (green
roofs, living facades and living interior walls). Guidelines for such an approach to construction can be found
in the documents of the United Nations, the World Green Building Council, the European Parliament and the
Council, as well as the Global Alliance for Buildings and Construction. They point to the need for the
development of green and blue infrastructure and sustainable urbanisation, including the decarbonisation of
buildings and mitigating the effects of urban heat islands. Greening buildings is a way to meet these
requirements. In addition, it improves the health and well-being of people in such environments. Increases
the biodiversity of the urban area.

In Poland, regulations are being created to stimulate the processes of greening buildings and their
surroundings. Selected regulations and guidelines are presented in this paper, along with examples of
building implementations.

In Georgia, efforts are also underway to increase the number of facilities with green, biologically
active surfaces in the building's structure.

Key words: green structures; green construction; biologically active area; rain water retention;
sustainable development.
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ABSTRACTS

Hydraulic Engineering, Environmental protection

SOME PROBLEMS OF THE BLACK SEA POLLUTION

M. Vartanov, Il. lordanishvili, G. Natroshvili, M. Shavlakadze
Tsotne Mirtskhulava Water Management Institute
of Georgian Technical University
Thilisi, Georgia

This paper presents some considerations regarding the assessment of the vulnerability of the Black
Sea. The proposed positions are based on an analysis of the existing loads around the entire perimeter of the
sea. The time required to reach an indicator of the Black Sea degradation process is determined. A
methodical approach to the calculation of the economic efficiency of investments in environmental

protection measures is provided.
Key words: vulnerability of the Black Sea, time to reach the indicator of sea degradation, sea pollution
factors, economic efficiency of investments in environmental protection measures.

Economics

CERTAIN PRINCIPLES FOR CALCULATION OF ECONOMIC DAMAGE
CAUSED BY MUDFLOWS AND LANDSLIDES

M. Vartanov?, E. Kechkhoshvili¥, N. Beraia", M. Macharashvili ?,
L. Toklikishvili?, M. Shogiradze?
Y Tsotne Mirtskhulava Water Management Institute
of Georgian Technical University
2) Georgian Technical University
Thilisi, Georgia

As of today, there is no universally acknowledged radical engineering structure to fight mudflows and
landslides; nor is there a unified approach to calculation of the damage caused by them. The article proposes
the methodology for calculation of the economic damage associated with these spontaneous natural
calamities. There is given the assessment of the economic efficiency of the measures directed to reduction of
the damage caused by mudflows and landslides.

Key words: economic efficiency, disasters, mudflows, landslides.

Environmental protection, Ecotourism

PROSPECTS Of THE ECONOMIC SIGNIFICANCE Of ECOLOGICAL TOURISM
IN THE AREAS Of RARE PLANTS DISTRBUTION

G. Yeghiazaryan, A. Hambardzumyan, N. Aloyan
Armenian National Agrarian University
Yerevan, Armenia

In order to discover the ecosystems of the Republic of Armenia, improve the well-being of the local
population, preserve wildlife and develop tourism, the areas of rare plants of the mountain meadow zone of
the Republic of Armenia were mapped, which are combined with valuable natural places of historical,
cultural and scenic value in their vicinity.
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ABSTRACTS

The combination of rare plant areas with historical monuments and sites has provided an opportunity
to develop new measures to support the sustainable development of ecotourism. Within the framework of the
organization of ecotourism, the possible impact of visits to rare plants on the development of the intra-
community economy was evaluated.

The great potential of ecotourism to influence the development of economic growth of rural
communities has been found, and as a result of accurate organization, communities can have certain profits
and new opportunities to use the development potential.

The results of the research create prerequisites for the protection of wildlife and cultural values of local
communities, increasing people's incomes, sustainable management of natural landscapes and solving the
problems of employment of local residents.

Considering the above, the research presents the rare plants distribution areas mapping in a geographic
information systems (GIS) environment as an innovative approach to sustainable tourism management.

Key words: GIS, environmental protection, rare plant species, ecotourism, economic growth.
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Photo 6. Mr. Mori Hiroyuki — Resident Representative at the Japan International Cooperation

Agency, Georgia Office and Mr. Konstantine Tsereteli — Responsible representative at the Japan
International Cooperation Agency, Georgia Office
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Photo 7. Academician Givi Gavardashvili, Professor Nika Loladze,
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Photo 10 - 11. At the work meeting
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Photo 22. while reporting

LSDM35656M90:

2023 fowol 8 Ugddgddghl, 3mmbgool J. mwdEgbol gsMdos s  dsHMol
Mb039MLoGYBHT0  LEgPMITMOOLbm  3mbxgMBEo0L BsMAWgddo  LodsGmzgwomls
&9960399600 Mb039OLOEHIEHOL 3mEHDY FoOEbNzsL Lobgwrmdol fyserms dgm@bgmdol
0bLGHOEGMGHOL  OMYJBHMETs,  9535009003mbAS 2030  4939MQSTZ0ds  QOTIMMS
d9b39006M9d0 »6039MLoGHYEOL 30339-6993HMO56 3OHMFBILOO X9ODO
X9M0LDBY3L3oLMD  (3meEmbgmo),  3OMFBILME  3gozozo  3530696msb  (Bobgmo),
3O0mxzgLeme  bghao  wm3gB  39MaLmb  (gu3sbgmo),  3OHMBLMO  3guEHLOL
O3569bL35bmb (€0gE39), 3OMBILME M9bsES FH9bEOMS3Mb (3membgmo) s bbgs
900396936, Lords®o Fggbm Logmmodm®molm ™sbsdIOMAMAL Loy®obEm
360m9JG9d0do0.
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am@m 23-26. 9b390M7d0LSL
Photo 23-26. at the meetings

0bLEGHOGMGHOL Log®obEm 1ogdosbmds

2023 feool 14 09d9M35eml 0bLEHOGHMELS @S F99MML 93mbMmT0zMmO s LMEOSE YO
LodFml (ECOSOC) bo3mbbryem@ogom BGs@GLbol memysboBsgos 9(5)03 gotmgdml o330l
932396GOL MO0l goxgm™MIgdMwo  bgwrdg3Memgdool  mobsbds, bgwo  dmgfgds
3MBE®JBHL  LogoOmzgerml 096qL3mL  boddgms gOM3bE  3MToLOSLID Log®bEHm
36m9gd@BHob ,,0969060030 35BLGHOMGBIOOL 3OMPbMBoMYGds s MolZdoL F9dE0Mmgdols
06m353000 0mbolidogdgdo® sg306s6LgdoL Jgliobgd.

N

United Mations
Educational, Scientific and
Cultural Organization

2023 §emols 3srEdo LodoMmzgumb ¢gdbozm®o Mmbogg®bo@gdol 3mEbgy dodmEbmesgsls
Lobgwmool  fysemams  Fgebgmdol oblGoGHMGHOL  BoghH  mEORBOBYdMEo
LogOmsdmMobem  Lsdgaboghm  3mblm®Eomdol  (Bbmgoml 6 43ggbol - 539,
bodoMm3zgm, 305065, MFobgmo, dERMI0, MMMIgo0) JogH FMIBIYdIEDTs
Log®9bBHM 3MMgdBHTs - ,,8530 B30l MBsROMLMYOOLS s WIOOBINMHGOOL HOlZgdOL
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dOmbogs

3MbGHMM@o Hobgz0mo IMEEgdol 45dmygbgdom - Bo@dmlb dogH ©oxg0bsblgds doowmm
(2023-2025 §H).

L590m53mMOLM s MYB349d¢031M 3MmbBIM9bz0gdd0, BmM+dgddo,
19906569080, 3MbaMLLS S LOI3MBOMTYdTo dMbsfoergmds

Lagommnzgem

2023 ool 30 056350 Mmbwsob Ggg0ddo BoGoMs  gogmml  93mbmdozmMo o
bmEoswyo  LsdFmb (ECOSOC)  3sm@HbomMm™mdol  gm®m«xdo  (bow-om®zo, 5dd),

OmIgdog  9mboffogmdsl 0©0gds  LodsMmzgwml  GgdbozmMo  Mbogzgdlodgd oL
3™GHbg JoOHEbMsgsL LobgEmdol Fyserms d9m@bgmdol 0blEoEEGHOL oMgdE™mGO,

539009303mL0 2030 3935MSAZ000.

» Economic and Social Council:
Partnership Forum...

participétion again. The |
meeting is adjourned.

e

amGm 27-28. gm@dols 3090bsmgmdoblsls
Photo 27-28. During in Partnership Forum

2023 ool 9 »gdgMzoml Ro@Bods mbesob ULgdobsto - ,,06@gOLbgdEHMOHMEo
05659360 ™Mdol  Fgbodegdermdgdol  dbsMoF s  33eg3oLd @S 0bEMLEGMOSL
dmeol", OmIgedog Bmbsfiorgmds Lods®mzgarml  G9dbozmdmo  MboggdlLo@gdol
3™Gbg 30OHEbMMOzsL LobgEMmdol fysems 99mMbgmdol 0blEodEol oMgddmeo,

539009303mB0 2030 3935030 O.
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Bﬂ_aaa:saagn

Tamar Turmanid..,

Shota Rodinadze

IT Support

= ()m.\
xm@m 29-30. gdobs®ols I0dobsmgmdolsls

Photo 29-30. During the workshop

2023 figwol 22 3sdEL  (ywol  GlvOLYdOL 3308 LEYOMSIMMOLM OB
539380609300 LogoMM39ml  3gdbozmmo MbogzgdlLo@g@olb 3m@Eby JoMEbmEsgsl
Lobgamdol  fyswoms  39m@bgmdol  obbGHoGMEGTs s 5(5)03  goMgdml  O330L
930396G®3s BBl LYTg3b0gOm LgdobsMo: ,,fiyseo — Logmabewrg, Losdm3bgds,
LEH0Jos”, MMIGbg3 dmfzgmwbo 0943696 J. MdoErolol Ne221, Nel59, Ne63, Ne128
Loxsdm s GEO SKY SCHOOL s ,8{(3569 bamas® 3960dm b3megdol dmbfsgzerggdo s
dobo3wgdgd0, 5M9gm3g 3L ,,0mds3col 3H9dbmermyogdol” sdrmdbgdgwo ds8w3s
X96293539, ©0M9JAHMOO 3000 XMOOYD5d], LSJoOMZIML GoMgdml HE30LS s
bemgwol dgmebgmdol LsdobobGHMml 3L ,,LodsMmmzgaml dgEromMsEool” WadM™bo
139305C0BEGHO 0625 9®mObso s BEGHWIMo LMIbymosb fywol MglmMLgdols
36OMdgdgools o  300MMAGH)J603MM0  Boggdmdgdol  LsdgisbogHm  33emg30m0
0bLEGHOGMGHOL OMYIBHMMO, 3OMBILMOO M3569L M 3dox0sbo.

0bLGHOGMGHOL  ©OMYIBHMMTS,  535©9F03mLABs Q030 2935030 o
05659360 dmfizgme  LEHNIORL  HoMBmmaobyl 369H9bGo(30900
Lodommzggarml fgeol Galmelgdol (B®39gd0, 3obsmnqdo, Gdgdo, dofolidazqds fywrgdo,
390bg00, §gobsEegzgdo s bbg.) dqlobgd, sb9g3g dmbfogwrggdo sAowby 2593696
0bLGHOGMGHOL  300MHMEHIJ003MO  BMOHGHMOOL,  MBTYOMMZg 5356 EHMMOL
(0bEdgeo, 587) LdMOEgdom fyol JodoMmo WSBdMOMIGHMMOMWO BsEobols o
939650996  fywol  9353mFGHEMBL30MSE00L  BoBIMGOOL  3OMmEgLL.  dmLHogwrggdl
©M030 LIRMJOHIOO O A9 (3900 bYobsM DY FMbsFogMdOL byME0TB039EJdO.
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am@m 31-32. bsdgsboghm Lgdobs®ols 0dobatgmdolsls
Photo 31-32. During the scientific seminar

e 2023 {ieols 31 3s0LL - 4 0360LL MmOl Fb0E03se0GYEHOL IgMHool Lozmbxrgmgbzom
©MBHTo  go0dsmms  0BLAHOGHWMEHOL  Fogd  MOAB0DBYdIMwo  LogHMITMEOOLM
3Mb6x39Mm9630s 9By ,,03503MBO0:  MHOL30,  3OMABMDBOMYdS,  MLOFODbMYdL®.
LS9OMTMOOLM PMBOLANYGdST0 IMBsfogMds JooEgL: LooMmMzgEml, sHYIMBIOKIBOU,
30 mbgmols, Lenmz3900U, og@I3sL, s ©YH093900L 3OMBILME-1393050LEHYOTs.

LSgOMTMMHOLM  EMBOLAOGds  BIGHIMS  Fmms  OMLMZgEol  Bods®mzgwmls
96m3bmmo bsdgEboghm gmbol godmygbgdomo LogMsb@m 36Mmgddol AR-18-1244
»035ME3MRBIOYRMWHFOM JESBEHO0IM0 dMI50“ BobIBLMEO TbsMOFIM00.

Boos Bagshongarmenls ghegbrgro bsByaboghe gmbeo
SHOTA RUSTAVELI NACIONAL SCIENCE FOUNDATION OF GEORGIA
Lagsogaerals ¢gdbozaho nBoggBodade

BagsGongarral $ogbozaho 1BogaBlodado andB) Bobabrymagst bbgermdols fyseros Bya®Eymbols

TSOTNE MIRTSKHULAVA WATER MANAGEMENT INSTITUTE OF GEORGIAN TECHNICAL

exigabodigos
ECOCENTER FOR ENVIRONMENTAL PROTECTION
The O in Category of Consult with the Economic
and Social Council (ECOSOC) of UN

©35MEMEBIV0: GolZ0, 3HmybmBOMmYDSs, MisBHOBMYdS
DEBRIS FLOWS: RISK, PREDICTION, SAFETY

The International event was financial supported by Shota Rustaveli
National Science Foundation of Georgia, Grant # AR-18-1244 “Elastic
debris flow-regulating barrage”
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gm@® 33-34. LogOMsTMOGOLM 3mbxgMY6300L 308E0bsMyMdOLL
Photo 33-34. During the international conference

= T ‘ :1 : | A_l._
amGM 35. Lsgmmsdmnmobem 3mbxgMgbiool dmbsfogrggdo

Photo 35. Participants of the international conference
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e 2023 fgrol 21-23 s330LEML LodoGm3gwml dgboggdoms gOM3br 53500980530
Logomzgarml  dgabog@gdoms ghmzbmo  535gdool  LmRErol  dgOBgmdOL
3969gmxz0gdols s A9gOHML  93mbm3o3MmHo s LmEoswMo LsdFml (ECOSOC)
Lo3MBLWBHOE30Mm  BEGOGHWLOL MGYB0DsE0s, 5(5)03 goMgdml o330l 93m39bGHMOL
62560D980m, dmms HMLMIzgol Lods@mzgwml 9HM3bmwo bsdgboghm Rmbool
3odmygbgdomo  33e0g3900L  LogMsb@Gm  3MmgddHol  ,,035M3EMmxLIHobssmdgy™
9obGH0ZNMO  doMez0“ (AR — 18-1244) goGgddo  Bo@GoMs  Logmmsdm®obim
L59936090M 3MbRIMI6E0S — ,,0350EMFBIOOL MJRM0MGds 0bM3s30)M0 b53gdMdOM®,
boog  8mboflogmdsl 00gdbgb  gEbog®m-L3gEoswolGgdo -  0GHIW00Ib,
090906, 3050606, SHIMBS0X 606, LMIbYMOEIB, BdgEMOHMLOEIE o
bodoM039WMsb. 3mbxgMHgb0s Flogowo LoBYzom goblbs s Lads@om LEHwIMYdL
d0gLoEnds 53509300l 3M9B0gbGO, 5350gdozmbo Mmob dg@™mgzgwo. 3mbxagmgbizool
LoMMPb0BIEOM 300F0BEHYEHOL 930X MTsMg 0gM 535009803MLO 030 A935MSTZ0O.

3Mbx39M9b305%Hg Lbo@yzom 2499m300b696: Logo®mggeomls 3996039960
MB039MOLOGIGHOL MJBHMMO, 935009903MLO 3000 M bodg, Fmms OMLMIZzgEoL
Logom3zgerml  gmmzbmro  Bsdgsboghm  gmbol  a96gMowwmGmo  oMgd@EHmMo,
36MMxBgLMOO 90939 SbEHIb0TZ30e0, 0G0 d93bogeo, 00300l s MYLsgOL
L59M5IMMOLM 3MoLOOL LodsEom 30(39-3M9DP0IbEO, 3BMMBILMEOO JoM3M sOROYMO,
00900l 3505 gboBol GH9dbozmmo Mbozglo@Gg@ol 3OMBILMEOO 35006 1godsbo,

535009903ML0 2030 2535M5d30¢00 s Lb3gdO.

http://science.org.ge/?p=14317&fbclid=IwAROsR-
i31_cm/n6AEBATZZzPKz_Xh2j0IKWrtC_3FYpqNUdyzhtiRQcolvQ
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dOmbogs

agobumggdob @yaameghs oboggrhe Bissiode

.
2 oo gribagffns anh baghobyn bomagpos ARIE-RH
3¢ e

amGm 36-38. 36139696300 Algergemdolsls
Photo 36-38. During the conference

e 2023 §iemobls 22 5330LG®L LogMmsdmEmolm 3mbggm9b3E00L ,,035MHE3MBIOOL MHYAI0MdS
060353000 6539309000~ dmbsfiorggdolbsmgol dmgfym 3Omxzgloro 9dlzwmedlos.
dmf39mds  LEGMIMYOTS  sEAOWMIM0Z  Y36096-L39g305WOLEHJIMB 9P Do©
M350 9MgL 506350l [golis3o30, dwwgmol  bggdo, aMmsbGHol  BoMawgddo
58969090 ,,03503MBLIOJAMWSF0M  JELBHO0INOO  BMg0” S ML  3gbob
Lo0939 Boggdmd.
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amGm 39-42. 3Omggomemo gduzn®dlios
Photo 39-42. Professional excursion

e 2023 {jemols 24 5330LGHML LogOMsTMOOLM 30065396M96300L ,,03503MBIOOL MYYIXOMGOS
0603530600 65290M39000” BsMRgdTo LodoMmzgwmlb 3gdbozmMo »boggdliodgEol
3By 906HEbMEsgsl Lobgarmdols fgswms 89MMbgmdol  0bLEGHOEGWMGA0  2o035MImMs
d9b39065 3065396096300l dMbsfowggdlis s 0bLEHOEMEHOL MsbsdTOMIWGdL FnGOU.

d9b3906M5Bg  Ho@dmygboro oym obbGHoGm@Gdo dodobscy 33193980 o
360M9JGHg00. 309D9b3530900l 9999 2035MIM> OLZMLO.
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am@m 43-46. dgbzgM0oLL
Photo 43-46. at the meeting

2023 fewol 15-18 ULgdBgddgdl, 2990mL  93mbmdogwmo ©s bmEoswmo  LodFml
(ECOSOC)  Lo3mblmam@ogom  LEGsGHWLOL  MmMAB0BsE05d  5(5)03  goMgdml  ©s330L
93239635 2590056900 9MHgdol 2obsmergdols, d93609MHgdoLs s 3MEEGHNIOOL
MM560Bsgool (UNESCO) 2022-2023 (f. “Ombsfowgmdols 360HmyMsdol” gobsblivy®o
dbsMFIO0m J. d0oldo Bos@ots Lodgboghm 3mbxgmgbiool - 0996936030
39GHLEGHOMRBIOOL  3OMAbMBoMGds s MoL3gdOL  Fgd306Mgdol  0bm3zsz0GO
©mbolidogdgdo“ 3060390  g@30lL 3063900  MMboldogds ™mgdsbg - Imfiygzerso
06g33M5LGHOMIBH OOl MolggdoL Fgx3slgds 3M0EGH03MIWo IEAMISMIMOIOLS s MOL3dOL
3O GHBMomb 5bseroBols (CAPRA) dmgerol 259mygbgdoom.
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amGM 47-49. Lsgmms8memolm 3mbxgmgbgool dgergmmdolsls
Photo 47-49. During the international conference
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am@Gm 50-51. BsgOms8m®molm 3mbxgmgbigool dmbsfogrggdo
Photo 50-51. Participants of the international conference

e 2023 figrob 13-15 mg@mddgml bEgRsbHdobool dboodswodg@ol Lmg. Lbmdo gog®ml

930bm303m0 s LmEoswMo  LYdFML (ECOSOC) ULogmbbvyen@ogom  LEsGLoL
MOQ960B3050  5(5)03  goMgdml  ©s(330L  93Mm396GHMTS  399M0bgdMwo 9P gdol
3965 gd0l, 3936090930l S 3MEXGHWOOL MEMABoDsEgool (UNESCO) 2022 - 2023 §f.
“dmbofforgmdols  3MMa®msdol”  gobsblv®mo  TboMoF Moo  Bos@oMs  bsdgiEbogm
3MbxgMgbgool 069060030  39BHIBEGHMMBIOOL  3OMPbMBoMGDS @ BOLZgdoL
9993060900l 06M35309Mm0 Mbolidogdgdo“ 3003910 9BHo30L MO0 IgMmMg Mboldogds
099599 ,,0003¢0L B3530L LHobssIIM 0bMZIE30MMO 3MbLEGMWJ30s .
39099l ©5330L  93m396G®OL  39bsdIOMIGIMID  gho  BogMmSIMEHIOLM
Lsdg3609Mm  3mbxgMgbzool  FMdomdsdo  AMBsHowgmdbgb:  LojdoMozgarmls
3936090 gdsms 9Mm3bmo 535009000, BodsOm3z9wml 39460300 MbogzgMboGgEols
UEHM) © LAHM-L 3. FoOHEbMEszsL LobgErMdol yswms IgM@bgmdOL 0bLEOGHMEOL
05659360 ™Bgd0,  Mgu0mbscMHo  FoBbMmdMm030  B9bgB0E0MGd0  BEGHRE(Fobrol
(45Bd90L) 3Mb0(3035¢00E IGO0, SO MOM0Z30 MZ0MATsOHMZGEMdOL omdMIsc-
396900 @5 FMbObEgMds.
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Photo 52-53. During the international conference

i 3 ‘~ \lm,,h:w‘ 1“; = Lo
8 ! 4 - o) -/ \Q‘ A, 2 . ez -

amGM 54. LsgMms8mMolm 3mbxgMgbiool dmbsfogrggdo

Photo 54. Participants of the international conference
e - s Fi
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gm@m 55-56. 3Gmaglomam gduz3meLosHY

Photo 55-56. On a professional excursion

e 2023 figmol 20-22 mg@GHmddgel 2590mb  93mbmdogmmo s LmEos®o  bsdFml
(ECOSOC)  Logmblwyan@ogom  BESGMLOL  mOysbobsgos  9(5)03  gocgdmb  ©s330L
930396335 2590056900 9Mgdol gobsmergdol, 93609 gdols s 3N EHMOL
MM560Bsgool (UNESCO) 2022 - 2023 §.§. “0mbsfowmgmdol 36ma6Msdol” g3obsblivy®o
dbsMFIO0 ©MIgmnol  IMBoE03swoBgBHOL IgMHool by3mbxgMgbiom  IMBSBTO
Boo@965 Lodg3bogmm 3mbxzgmgbizools ,,0496906030 35@IBEGHMMBGOOL 3OMABMDOMGdS s
®ol39d0l 9993060930l 06Mm3z530MM0 Mbolidogdgdo” 300390 gBo30L Moy dgledy
©Mbolidogds 935BY - ,,035ME3MBLIOIAMISF0M JEIBEH0ZIMO dIMOO™.

39090l 5330l 93mE9BEGHMOL  MsbsFIOMIWGIMID GO  BOYMHSIMOOLM
Lsdg3609Mm  3mbxgMgbzool  FMdomdsdo  AMbsHowgmdbgb:  LojdoMozgermls
3936090 gdsms  9MM3bmwo 53509dool, LodsMm3zgwmlb 3gdbozmemo Mbogzgdlodgd oL

UEHY), LEHM-L 3. FoOEbYWszsL LabgEwMdOL Fyswms FgMHbgmdols obLEGHOGMEOU,
©@dgool  3Mbo3odswo@g@ol  dgMools s dsbdo 8905350  gobsmergdols

M9LMOLEIBEGHOMOL  06sdIOMIgd0,  ©MIgol  dMbogodswodgBHdo  F9dszowo
bLeMREgdOL 29839000 s HYHOWMIM030 FMLsbegMdOl [omdmBsgbergdo, Lwmwn
60-009g dmbsfjoeng.

LsAg360960M  3mbRgMgb300L  BMPomdsdo  dm3gMwo  oym  3MEMmbgmosb
BlBH™3m3sl  Bgdbmemmgomdo  boggdlo@g@olbs @s  bolsl  s8mygbgdoomo
3936096900l Mb0o39gMLOGHYEHOL 3OMBILMOO 5D ods. 3mbRgMgbzool gy mdOL
3960m©d0 gobbme 30900 3OHMABILOIE0 O 3OO0 9JL3OLOYdO.
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am@Gm 57-58. 30619696300 dbgergemmdolsls
Photo 57-58. During the conference

amGm 59. 30619696300 dmbsfogmggdo
Photo 59. Conference participants
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g

gm@@ 60. 36mxqlore g9duzmmlosby
Photo 60. On a professional excursion

e 2023 figwrols 8 - 10 @939909ML J. ygzomgewdo LobEGMIOM  ToBem ,,935M9wob”
b53mbx39M9b30Mm MBsBT0, FogMmls 93mbmT0zEmO s LMoo Mo LsdFml (ECOSOC)
Lo3MBLMBHO30Mm  BEAIGHMLOL  MORB0BIE0s 5(5)03 49MdML o330l 93m3E9bEGH®s
39900569390 9Md0L gobscmergdol, d93bogmgdols s 3MEEHWOOL MmEmYBoBsGoOL
(UNESCO) 2022 - 2023 {.§. “Ombsfoegmdol 36-:myMsdol” 530656bw96H0 dbstrsFg@oo
BooGoMs Bsdg3b0gHm 3:mbx39MH9b300L ,,0096986Mm030 353LEHMMBIOOL 3GMMABMDBOMYdS s
®ol39d0l 8993060930l 06Mm3z530M0 ©Mbolidogdgdo” dgmMg 9@s30L M0Yom 300390
©mbolidogds m9dsdy - Jowsd Yz39mEol  Imbobergmdol  MLsgdmMbmgds  {gswro-
©MdJOOLs S M35MEMBYO0LORD.  3MBRGMgbzool  FMTomdsdo  dmbsfogmdbgb:
Logom3geml 3936096M9dsms 9HM36w90 535009300, LoJoMNZgE ML F5MGIML OE30LS
@5 LEOREOL F9MMHbYMdOL LsToboLEHOMML, Lods@mzqgwml &gdbolzmMo Mbogzgmliodgd ol
UEH9), LEHM-L 3. FoOEbYWszsL LobgEMdOL Fyswms FgMbgmdols obLEHOGMEOU,
©3060L  9mMm3bmmo  LosoggbBml, Jobdds®omwols 3060l  Jo@Mbbol, 30bmbEmmos
JoOOMEo  Rowdol,  SPOMIM0Z0 VLT MZOMOM  MOYBOBI30gd0Ls @
0b603d9(o6399d0L FoMdmBowygbargdo, J. yzocmeols dgMo, dsGHmbo 030 BovEsdzowo,
58539 996H00L  0bgMLEGHMWJGHMOMOL,  Loghgomo  dmfiygmdol,  dgaymms 330U,
d09690@mdols @  9MJoBgIBHMEoL  LsdbabEOl  bgwddwgsbgwro,  sgdueboty
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303960, J. 4350l dgMool  Lbgosolbgs  Lsdbobymgdol  Homdmdsygbergdo,
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Photo 61-63. During the conference
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Photo 64-65. Conference participants
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Photo 66-67. On a professional excursion
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Photo 68-70. During the conference
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Photo 74-76. During the conference
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Photo 84-85. In a conference presentation
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Photo 86. In a conference presentation
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Photo 87-88. During the conference
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INFORMATION ABOUT TSOTNE MIRTSKHULAVA
WATER MANAGEMENT INSTITUTE OF
GEORGIAN TECHNICAL UNIVERSITY
2023

In the institute, which is established in 1925, work 78 collaborators, among them 56 % are
scientific worker, 1 - academician, head of agricultural department of Georgian National Scientific
Academy, 4 — engineering academy, 5 — doctor of sciences, 28 — acad. doctor, 2 — PhD student and
19 master.

THE SCIENTIFIC RESEARCH ACTIVITY OF THE INSTITUTE

%+ About 40 articles, 11 monographs and 5 textbooks were published in the periodicals of 2023 by
the institute's scientific employees;

% In the institute are working out the scientific theme with program financing ,, The Research of
Water Management and Environmental Protection on the Background of Climate Change" (Head
of Theme, professor Givi Gavardashvili) with 6 scientific direction, which is actual for scientific
treatment of environmental protection measures on the background of frequent natural disaster in
the country.

THE SCIENTIFIC RELATIONSHIP OF THE INSTITUTE
Georgia

e On January 20, 2023, Dovil Rudokaite and Vilda Grybauskiené¢ (Kaunas Technological
Educational Center) visited from Kaunas (Lithuania) Tsotne Mirtskhulava Water Management
Institute of Georgian Technical University. During the meeting, the conversation touched on
several important issues; the guests visited the hydrotechnical laboratory of the Institute and
made a presentation to the Institute’s researchers (Photos 1-4).

e On March 14, 2023, a working meeting was held in Thilisi with the Shota Rustaveli National
Science Foundation of Georgia within the framework of the twinning program of the EU public
services "Supporting opportunities for intersectoral cooperation between research and industry"
(Photos 5-7).

e On March 23-24, 2023, Juho Haapala, Ph.D. student of the Department of Water and
Environmental Development of the Environmental and Chemical Engineering Faculty of the
University of Oulu (Finland) was on a working visit to the Tsotne Mirtskhulava Water
Management Institute of Georgian Technical University (Photo 8).

e On April 11, 2023, business meeting was held at the Japan International Cooperation Agency
(JICA) in Thilisi. The conversation touched upon the directions of international cooperation

3- 90035l LsbgeEmedol fgsemos dgm®bmdols oblBodwEoL bsdggbogmm BMmdscs 3Ggdwwo Ne76, 2023 §. 189



CHRONICLE

between Japanese Agency and Tstone Mirtskhulava Water Management Institute of Georgian
Technical University and the joint preparation of international grant projects, as well as the
issues of study and internship of students and young scientists in Japan. The meeting was
attended by (to the left): Ms. Ishii Hozumi (Project Formulation Advisor), Mr. Mori Hiroyuki
(Resident Representative), Mr. Konstantine Tsereteli (Programs Officer), Academician Givi
Gavardashvili (Director of the Institute), Associate Professor Konstantine Bziava (Senior
Researcher of the Institute) (Photo 9).

On May 3, 2023, an information day of the NATO program "Science for Security and Peace"
(NATO SPS) was held in Thilisi, in which the representatives of the Ministry of Education and
Science of Georgia, the Ministry of Foreign Affairs, Mr. James Appathurai, Deputy Assistant
Secretary General for Emerging Security Challenges, NATO, scientists of the Tsotne Mirtskhulava
Water Management Institute of the Georgia Technical University and various institutes (Photos 10-
11).

On May 9, 2023, information was posted on the website of the National Academy of Sciences
of Georgia:
http://science.org.ge/?p=13399&fbclid=IwAROpQCK2AuullTDafmxXEOdynrlqGhCZIkK6Y X
iDFG_BY5emq6um8ADAoWCc - "For the first time in Georgia, the Black Sea Scientific
Research Observatory (NPBSO) will be established”, which briefly describes that under the co-
leadership of Academician Givi Gavardashvili, for the first time in Georgia, at the Kolkheti
pilot-ecological station of the Institute, Taking into account the NATO standards, the Black Sea
Observatory (NPBSO) will be established, where the scientists of the institute will study the
ecological problems of the Black Sea.

On May 15, 2023, another session of the Innovation and High Technologies Center was held at
the National Academy of Sciences of Georgia, which was dedicated to the issues of extracting
fresh and mineral waters and increasing the export of bottled water. The following came out
with reports at the session: Zurab Kakulia, Zurab Varazashvili, Marine Mardashova (Institute of
Hydrogeology and Engineering Geology of GTU), Vakhtang Geladze (GTU's Center for the
Study of Enterprise Forces and Natural Resources of Georgia), Academician Givi Gavardashvili
(Tsotne Mirtskhulava Water Management Institute of GTU), Archil Kholashvili (Ilia University
and "IDS Borjomi Georgia"), Eter Kharaishvili and Nino Lobzhanidze (TSU), Giga Nadiradze
(Energy and Water Supply Regulatory Commission, Irakli Mikadze and Roman Rurua (People's
Movement for the Economic Rise of Georgia) (Photos 12-13).

On June 14, 2023, in the session hall of the Georgian Academy of Agricultural Sciences, the
meeting of the Agrarian Innovations Commission of the Academy of Agricultural Sciences # 6
(38) was held with the following agenda: "Management of water resources™ - information on the
draft law of Georgia. Mariam Makarova - Head of the Water Division of the Environment and
Climate Change Department of the Ministry of Environment Protection and Agriculture of
Georgia gave a report on the mentioned issue. She informed the audience that a new draft law
"Management of water resources" was prepared, which was approved by the Government of
Georgia and submitted to the Parliament of Georgia. In April of this year, the draft law
successfully passed the first hearing at the plenary session. She also touched on the novelties of
the draft law in detail: separation of competences of authorized bodies; establishment of a basin
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management system; prioritization of water uses within basins; restoration of the permit system
for water abstraction from surface water bodies and discharge of waste water into surface water
bodies (cancelled in 2008); Restoring the fee for water abstraction from surface water bodies
(principle of "paid use of nature"). It should be noted that today surface water is the only natural
resource that is free to use. Implementation of the norms established by the draft law is planned
for the entire territory of Georgia in stages. Academician Givi Gavardashvili, Director of
Institute, attended the session at the invitation of the chairman of the commission, Academician
of S/M Academy of Sciences, Aleksandre Didebulidze.

e On September 20, 2023, the Institute took part in the scientific and educational event organized
by the Ministry of Education and Science of Georgia, the Ministry of Education, Culture and
Sports of the Autonomous Republic of Adjara and Batumi Shota Rustaveli State University:
"Blue Policy of the Maritime Country”. The event included the presentation of the latest
scientific researches, exhibitions, conferences, workshops, cognitive quizzes, experiments for
students and other activities on the biodiversity, ecology, natural resources, climate, socio-
economic, political, cultural-historical and other areas of the Black Sea and coastal region. .
Representatives of higher educational institutions, scientific-research centers and other
organizations took part in the exhibition of scientific pavilions in the open air. The results of
various scientific projects depicting the researches of the Black Sea and the region, fun activities
for students, exhibitions, quizzes and others were presented (Photos 14-18).

e On November 10, 2023, the National Academy of Sciences of Georgia celebrated the World
Science Day, which was established by UNESCO in 2001, according to tradition. The
ceremonial event was opened by the president of the Academy, academician Roin Metreveli,
and introduced the congratulatory letter of the Prime Minister of Georgia Irakli Gharibashvili to
the audience, and the congratulatory letter of the Patriarch of Georgia was read to the Georgian
scientists by the seat of the patriarchal throne, Metropolitan of Senaki and Chkhorotsku,
Reverend Shio. Among the speakers were: Deputy Minister of Education and Science of
Georgia Nodar Papukashvili, academicians: Davit Gurgenidze, Tinatin Sadunishvili and
Vladimir Papava. It should be noted that Davit Gurgenidze, rector of the Technical University
of Georgia, presented the academy with an electronic arithmetic meter as a gift. Academicians
Mzekala Shanidze and Davit Muskhelishvili congratulated Georgian scientists on this day with
their video address. Such an opinion was voiced at the event that the National Day of Georgian
Scientists will be established in the future.

e On November 20-24, 2023, the professors faculty of water and environmental protection
engineering from the University of Warmia and Mazury in Olsztyn (Poland), Renata Tandyrak,
Jolanta Grochowska, Michat Lopata were visiting at the Tsotne Mirtskhulava Water
Management Institute of Georgian Technical University with the official invitation of
Academician Givi Gavardashvili, director of the Institute.

The conversation related to international cooperation in the preparation of a grant project,
implementation of joint scientific research works in water and environmental protection
engineering, joint holding of international conferences and preparation of exchange programs
for young scientists using the EU Erasmus+ program (Photos 19-21).
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On November 28, 2023, a session of the Center for Innovation and High Technologies was
held at the National Academy of Sciences of Georgia, where academician Givi Gavardashvili's
report was discussed: "Innovative Measure of Snow Avalanche Regulation”. Academician
Giorgi Kvesitadze, head of Innovation and High Technologies Center, opened the session. The
session was attended by the President of the National Academy of Sciences of Georgia,
Academician Roin Metreveli, Vice-President, Academician Ramaz Khurodze, Academician-
Secretary of the Academy, Academician Vladimir Papava, academicians and invited guests. The
report was about the security of the most sensitive object of Georgia - the military road of
Georgia and the tourist infrastructure located in its surrounding areas and the protection of the
population from snow avalanches. Speaker noted that the researches were carried out by the
scientific staff of Tsotne Mirtskhulava Water Management Institute of Georgian Technical
University and NNLE “ECOCENTER for Environmental Protection” - the Consultative Status
Organization of the United Nations Economic and Social Council (ECOSOC) within under the
Applied Innovative Grant Project (CARYS-19-305) of the Georgian Shota Rustaveli National
Science Foundation. The report generated a lot of interest. The speaker answered the questions
of the audience and noted that research in this direction will continue (Photo 22).

Abroad

On September 8, 2023 in Poland in Olsztyn at the University of Warmia and Mazury, within
the framework of the international conference, the director of the Institute, academician Givi
Gavardashvili met with the vice-rector of the university, Professor Jerzy Yarashevsky (Poland),
Professor Heikiki Makkinen (Finland), Professor Sergi Lopez Verge (Spain), with Professor
Kestus Romanenska (Lithuania), Professor Renata Tandyrak (Poland) and other representatives.
The conversation touched on international cooperation in grant projects (Photos 23-26).

GRANT ACTIVITY OF THE INSTITUTE

On February 14, 2023, according to the agreement signed between the Institute and NNLE
“ECOCENTER for Environmental Protection”, a contract was signed with the National
Commission for UNESCO Affairs of Georgia on the financing of the grant project "Prediction
of natural disasters and innovative risk reduction measures".

On March 2023, the grant project prepared by the International Scientific Consortium (6
countries of the world - USA, Georgia, Ukraine, Romania, Bulgaria, Turkey) organized by the
Tsotne Mirtskhulava Water Management Institute of Georgian Technical University -
"Numerical Control of Black Sea Safety and Pollution Risks by Using Numerical Models" -
received funding from NATO (2023-2025).
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PARTICIPATION IN INTERNATIONAL AND REPUBLICAN
CONFERENCES, FORUMS, SEMINARS, CONGRESSES AND
SYMPOSIUMS

Georgia

On January 30, 2023, the United Nations Economic and Social Council (ECOSOC) partnership
forum (New York, USA) was held online, in which participated academician Givi Gavardashvili,
director of the Tsotne Mirtskhulava Water Management Institute (Photos 27-28).

On February 9, 2023, was held online seminar "Supporting opportunities for intersectoral
cooperation between research and industry”, in which participated academician Givi
Gavardashvili, director of the Tsotne Mirtskhulava Water Management Institute (Photos 29-30).

On March 22, 2023, in connection with the International Day for the Protection of Water
Resources, the the Tsotne Mirtskhulava Water Management Institute of Georgian Technical
University and NNLE “ECOCENTER for Environmental Protection” held a scientific seminar:
"Water - life, pleasure, nature”, to which were invited pupils and teachers of public and private
schools of Thilisi: Ne221, Nel159, Ne63, Ne128, GEO SKY SCHOOL and "Green School”, as
well as Mamuka Jangavadze, founder of "Future Technologies” LLC, Director Davit
Jorbenadze, Inga Arindauli, senior specialist of "Georgia Reclamation” LLC of the Ministry of
Environment Protection and Agriculture of Georgia and a guest from Armenia, director of the
Scientific Research Institute of Water Resources and Hydrotechnical Structures Problems,
professor Hovhannes Tokmajyan. The director of the institute, academician Givi Gavardashvili
and his staff gave presentations to the invited guests about the water resources of Georgia (seas,
rivers, lakes, underground waters, dams, reservoirs, etc.), and the pupils got to know the
institute's hydrotechnical laboratory on the spot. They also got acquainted with the process of
chemical laboratory analysis of water and evapotranspiration of water from plants using modern
equipment (Israel, USA). Pupils were given gifts and certificates for participation in the seminar
(Photos 31-32).

On May 31 - June 4, 2023, an International Conference entitled “Debris Flows: Risk,
Prediction, Safety” Organized by the institute was held in the Conference Hall of the City Hall
of Dusheti Municipality. Professors and specialists from Georgia, Azerbaijan, Poland, Slovakia,
Lithuania and Uzbekistan participated in the given international event.

The International Conference was held under the financial support of the Shota Rustaveli
National Science Foundation of Georgia applied grant project AR-18-1244 "Elastic debris flow-
regulating barrage" (Photos 33-35).

On August 21-23, 2023 at the National Academy of Sciences of Georgia was held an
international scientific conference - "Regulation of floods with an innovative structure",
Organized by the Department of Agriculture of the Georgian National Academy of Sciences and
the NNLE “ECOCENTER for Environmental Protection” and funded by the Shota Rustaveli
National Science Foundation of Georgia applied research grant project "Debrisflow Regulated
Elastic barrage" (AR - 18-1244), where scientific specialists participated - from Italy, Turkey,
Ukraine, Azerbaijan, Armenia, Belarus and Georgia. The conference was opened with an
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introductory speech and honored guests were welcomed by the President of the Academy,
Academician Roin Metreveli. Academician Givi Gavardashvili was the chairman of the
organizing committee of the conference.

The following spoke at the conference: Rector of Technical University of Georgia,
Academician Davit Gurgenidze, General Director of Shota Rustaveli National Science
Foundation of Georgia, Professor Erekle Astakhishvili, Italian scientist, Honorary Vice-
President of the International Commission on Irrigation and Drainage, Professor Marko
Archieri, Professor of Technical University of Karadeniz of Turkey Kadir Seyhan, Academician
Givi Gavardashvili and others (Photos 36-38):
http://science.org.ge/?p=14317&fbclid=IwAROsR-
j3l_cmIn6AEBATZZzPKz_Xh2j0IKWrtC_3FYpgNUdyzhtiRQcolvQ

On August 22, 2023, a professional excursion was organized for the participants of the
international conference "Regulation of debris flows with innovative construction™. The invited
guests, together with local scientists-specialists, visited the Zhinvali reservoir, Mletis khevi, the
"Debris flow regulating elastic dam" built under the grant, and the main building of the Darial
HPP (Photos 39-42).

On August 24, 2023, a meeting was held between the participants of the conference and the
employees of the institute in the Tsotne Mirtskhulava Water Management Institute Georgian
Technical University within the framework of the international conference "Debris flow
regulation with innovative construction™.

Current researches and projects in the institute were presented at the meeting. A discussion
was held after the presentations (Photos 43-46).

The Organization in Category of Consultative Status with the Economic and Social Council
(ECOSOC) of UN - NNLE “ECOCENTER for Environmental Protection” has hosted the first
event entitled “Risk Assessment of Vulnerable Infrastructure using Critical State and Risk
Portfolio Analysis (CAPRA) Model” of the first stage of the Scientific Conference “Forecasting
Natural Disasters and Risk Reduction Innovative Measures”, which was held in Tbilisi, 15-18
September, 2023. Given event was undertaken under the financial support of the United
Nations Educational, Scientific and Cultural Organization (UNESCO) 2022 - 2023
“Participation Program” (Photos 47-51).

On October 13-15, 2023, in the village Sno of Stepantsminda municipality the second event of
the first stage of the scientific conference "Prediction of natural disasters and innovative risk
reduction measures™ on the topic of "Innovative construction against snow avalanches" was
organized by The Organization with Consultative Status of the Economic and Social Council
(ECOSOC) of UN - NNLE “ECOCENTER for Environmental Protection” and with the
financial support of the 2022-2023 "Participation Program™ of United Nations Educational,
Scientific and Cultural Organization (UNESCO) Along with the employees of the
Environmental Protection Ecocenter, the international scientific conference was attended by
Employees of Georgian National Academy of Sciences, Georgian Technical University (GTU),
Tsotne Mirtskhulava Water Management Institute of GTU, regional target beneficiaries from
Stepantsminda (Kazbegi) municipality, representatives of local self-government and population
(Photos 52-56).
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On October 20-22, 2023, in the City Hall of the Dusheti Municipality the third event of the
first stage of the scientific conference "Prediction of natural disasters and innovative risk
reduction measures" on the topic of "Debris Flow Regulation Elastic Barrage™ was organized by
the Organization with Consultative Status of the Economic and Social Council (ECOSOC) of
UN - NNLE “ECOCENTER for Environmental Protection” and with the financial support of
the 2022—-2023 "Participation Program” of United Nations Educational, Scientific and Cultural
Organization (UNESCO). Along with the employees of the Environmental Protection
Ecocenter, the international scientific conference was attended by Employees of Georgian
National Academy of Sciences, Georgian Technical University (GTU), Tsotne Mirtskhulava
Water Management Institute of GTU, Resourcecenter of the Education, regional target
beneficiaries from Dusheti municipality, representatives of the City Hall of Dusheti
Municipality and governors of villages of the Municipality, local population and stakeholders
(around 60 people).

Invited Professor Adam Ujma (BEng, PhD) from Czestochowa University of Technology
and University of Applied Sciences in Nysa (Poland) has been attended and actively
participated in the above-mentioned international event.

During International Conference professional and cultural excursions were carried out
(Photos 57-60).

NNLE “ECOCENTER for Environmental Protection” — the Organization in Category of
Consultative Status with the Economic and Social Council “ECOSOC” of the United Nations
Educational, Scientific and Cultural Organization (UNESCO) 2022-2023 under the financial
support of the "Participation Program”, on December 8-10, 2023, in the Conference Hall of the
Hotel Chateau ,,Kvareli” in city Kvareli has carried out the first event of the second stage of the
scientific conference "Prediction of Natural Disasters and Innovative Measures to Reduce Risks
- Safety of the Population of the city of Kvareli Against Floods and Debris Flow”.
Representatives of the Georgian National Academy of Science, Ministry of the Environmental
Protection and Agriculture of Georgia, Georgian Technical University (GTU), Tsotne
Mirtskhulava Water Management Institute, National Wine Agency, Kindzmarauli Winery,
Georgian Film Studio, Local Non-Governmental Organizations and Entrepreneurs, Mayor of
the city Kvareli, Mr. Givi Zautashvili, Head of Infrastructure, Spatial Arrangement, Monument
Protection, Construction and Architecture Service of the same City Hall, Mr. Aleksandre
Gigauri, representatives of various services of Kvareli City Hall, businessmen and local
residents of Kvareli were attended above mentioned event. Professional field trip and cultural
excursions were carried out on December 9 to the alluvial type bed of the Duruji river, Kudigori
reservoir and Kindzmarauli vineyard. A summary meeting - round table was organized in
December 10 (Photos 61-67).

NNLE “ECOCENTER for Environmental Protection” — the Organization in Category of
Consultative Status with the Economic and Social Council “ECOSOC” of the United Nations
Educational, Scientific and Cultural Organization (UNESCO) 2022-2023 under the financial
support of the "Participation Program" #4/2240116105/pp entitled "Prediction of Natural
Disasters and Innovative Measures to Reduce Risks”, on December 26, 28, 2023, in the
Conference Hall of the Hotel “Zuzumbo” in city Telavi has carried out an International
Conference on “Safety of the Population of the city Telavi Against Floods and Debris Flow”.
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Representatives of the Georgian National Academy of Science, Georgian Technical
University (GTU), Tsotne Mirtskhulava Water Management Institute of GTU, Heads of various
departments of Telavi City Hall, lakob Gogebashvili Telavi State University, young researchers
and students, Local Non-Governmental Organizations, Businessmen and local residents of
Telavi city were attended above mentioned event.

On December 28, professional excursions were carried out - to the river-bed of the Telavi
River gorge and to the erosion-debris flow type river-bed of the Kisishkevi River, and at the end
of the day, a summary meeting — a round table - was held (Photos 68-73).

On December 27, 2023, an international conference was held in the sports hall of the public
school of the village Ozhio, Akhmet municipality, on the topic - "Safety of the population of the
village Jvarboseli (Mtatusheti, Akhmeta municipality) against erosion and debris flow”.

Representatives of the Georgian National Academy of Science, Georgian Technical
University (GTU), Tsotne Mirtskhulava Water Management Institute of GTU, Heads of various
departments of Telavi City Hall and staff of the education resource center, Teachers and
students of Ozhio village public school, local population were attended given event.

At the end of the conference, the participants of the international event planted perennial
green plants in the yard of the public school of the village Ozhio to decorate the square and the
alley named after UNESCO. Many thanks to Mrs. Zhana Akhalkatsishvili, director of the public
school of Ozhio village, for promoting the national event at a high level.

Many thanks to UNESCO for funding our project "Prediction of Natural Disasters and
Innovative Measures to Reduce Risks” (Photos 74-83).

Abroad

On September 7-8, 2023, an international scientific and technical conference was held at the
University of Wormia and Masuria in Olsztyn, Poland. Academician Givi Gavardashvili,
director of the Institute, was invited to the conference (Photos 84-85).

On December 19-20, 2023, an international scientific conference dedicated to the 85th
anniversary of the birth of the Azerbaijani scientist, honored scientist, academician Vasif
Babazade was held in Baku as part of the presentation “GEOLOGY: UNITY OF THEORY
AND PRACTICE”, in which the director of the institute, academician Givi Gavardashvili, and
senior researcher at the institute, Keti Dadiani, were invited (Photos 86-88).

TEACHING-SCIENTIFIC ACTIVITY

On July 13, 2023, Ph.D. student Feride Lortkifanidze, an employee of the lIrrigation and
Drainage Department of the Institute successfully defended her dissertation at the Faculty of
Agricultural Sciences and Biosystems Engineering of the Georgian Technical University -
"Rehabilitation of degraded soils in Georgia, implementation of field studies of Jerusalem
artichoke plant of by example of the brackish soils of River Alazani " (leader - academic Gitsi
Gavardashvili) (Photos 89-90).
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AWARDS

e On August 24, 2023, by order of the Minister of Economy and Sustainable Development of
Georgia, Academician of the National Academy of Sciences of Georgia, Doctor of Technical
Sciences, Professor Givi Gavardashvili, the author of 49 projects and 13 structures built in
practice, was awarded the honorary title of "Honored Builder of Georgia” (Photo 91).

e On November 10, 2023, the National Academy of Sciences of Georgia celebrated the World
Science Day, which was established by UNESCO in 2001, according to tradition. On the
occasion of the World Science Day, the National Academy of Sciences of Georgia awarded a
certificate of honor to Eduard Kukhalashvili, Doctor of Technical Sciences, Chief Scientist of
Tsotne Mirtskhulava Water Management Institute (Photos 92-93).

RELATIONS WITH MASS MEDIA

e On February 10-16, 2023 in the newspaper "GEORGIA TODAY™ published an article of the
director of the institute, academician Givi Gavardashvili — “Innovative science, environmental
protection, safety”” was printed (Photo 94).

e On April 7-13, 2023, in the newspaper "GEORGIA TODAY" published an article “World
Water Day - Water: Live, Enjoy, Nature”, in which it was told about the scientific seminar held
at the Tsotne Mirtskhulava Water Management Institute of the Georgian Technical University
in connection with the International Day of Water Resources Protection (Photo 95).

e On June 20, 2023, the guests of the TV program "Business” of "Palitranius” and radio "Palitra"
were the Director of the Tsotne Mirtskhulava Water Management Institute of Georgian
Technical University, Academician, Doctor of Technical Sciences Givi Gavardashvili and the
Chief Scientist of the Micheal Nodia Institute of Geophysics of Thilisi State University Doctor
of Physics and Mathematics, Professor Demuri Demetrashvili (Photo 96).
https://palitranews.ge/video/222921-sakme-chavardeba-tu-ara-sakurorto-
sezoni/?fbclid=IwAROsR-j3l_cmJIn6AEBATZZzPKz_Xh2j0IKWrtC_3FYpgNUdyzhtiRQcolvQ

e On August 4, 2023, "Palitranius" political talk-show "360 degrees” invited: Mr. Temur
Mghebrishvili - Head of the Emergency Management Service, Mr. Merab Gafrindashvili -
Geologist of the National Environmental Agency, Mr. Irakli Sabanadze - Head of the Georgian
Stunt Group, Journalist Mr. Gela Mtiuliishvili, Mr. Temur Giorgadze - Construction Situation
Management Expert, Seismologist Mr. Zurab Javakhishvili, Academician Givi Gavardashvili -
Member of the Presidium of the International Association of Landslides, Mr. Zurab Laoshvili -
GIS Academy founder and GIS expert (Photo 97).
https://palitranews.ge/video/225899-360-gradusi-shovis-
tragedia/?fbclid=IwAROTCLoYHhm8axN4ima-
1EHX6WbOG2nXSFAZE9sWnZIv3EBXjDX06KR5bo0
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OF THE TSOTNE MIRTSKHULAVA WATER MANAGEMENT INSTITUTE
OF THE GEORGIAN TECHNICAL UNIVERSITY

The main objective of collected papers is to favor the development of science and to publish the results and
materials of studies and new achievements obtained by scientists and professionals.

The collected papers should include the following scientific directions:

Water management;

Hydraulic engineering and irrigation;
Hydrology and meteorology;
Environmental protection;

Safety and risk of hydraulic structures;
Construction;

Earth sciences.

Contributions to the collected scientific papers are as follows:

1.

Papers can be submitted in Georgian or English languages, no more than 10 pages. Paper summaries
must be attached to the papers Georgian and English Summaries (to the paper in English language —
English Summary). One author can submit no more than two papers.

The paper submitted to the Institute must include the letter of reference from the organization, where
the study took place;

The paper must be submitted electronically to the following e-mail: gwmil929@gmail.com.

Sheet format — A4, interval — 1.5 and font size 12, margins 25 mm for four sides; the paper must be
submitted in DOC format (MS Word), recorded on CD-R; for Georgian Text — Sylfaen; for English
and Russian Texts — Times New Roman; computer version of drawings and photos — in JPG or TIF
format, 200 dpi;

The paper should include the following sequence:

e Direction (in the upper right corner);

e Paper Title;

e Author (or authors) name, surname and patronymic with e-mail of contact person;
¢ Organization, where the study took place, including post address;

e Preamble;

e General Part (object of study and methods);

e Conclusions and Recommendations;

e Bibliography (no more than 10);

e Summary (10-15 lines);

e Key Words (no more than 6).

6. Bibliographical references should include the following sequence: Author’s (Authors’) Name and
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