Springer Proceedings in E

Vladimir Karev Editor

Proceedings of the
9th International
Conference on Physical
and Mathematical
Modelling of Earth
and Environmental
Processes

@ Springer



Springer Proceedings in Earth
and Environmental Sciences

Series Editors
Natalia S. Bezaeva, The Moscow Area, Russia
Heloisa Helena Gomes Coe, Niterdi, Rio de Janeiro, Brazil

Muhammad Farrakh Nawaz, Institute of Environmental Studies,
University of Karachi, Karachi, Pakistan



The series Springer Proceedings in Earth and Environmental Sciences publishes
proceedings from scholarly meetings and workshops on all topics related to
Environmental and Earth Sciences and related sciences. This series constitutes a
comprehensive up-to-date source of reference on a field or subfield of relevance in
Earth and Environmental Sciences. In addition to an overall evaluation of the
interest, scientific quality, and timeliness of each proposal at the hands of the
publisher, individual contributions are all refereed to the high quality standards of
leading journals in the field. Thus, this series provides the research community with
well-edited, authoritative reports on developments in the most exciting areas of
environmental sciences, earth sciences and related fields.



Vladimir Karev
Editor

Proceedings of the 9th
International Conference

on Physical

and Mathematical Modelling
of Earth and Environmental
Processes

@ Springer



Editor
Vladimir Karev
Fontanars dels Alforins, Valencia, Spain

ISSN 2524-342X ISSN 2524-3438 (electronic)
Springer Proceedings in Earth and Environmental Sciences
ISBN 978-3-031-54588-7 ISBN 978-3-031-54589-4 (eBook)

https://doi.org/10.1007/978-3-031-54589-4

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature
Switzerland AG 2024

This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse
of illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and
transmission or information storage and retrieval, electronic adaptation, computer software, or by similar
or dissimilar methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or
the editors give a warranty, expressed or implied, with respect to the material contained herein or for any
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Paper in this product is recyclable.


https://orcid.org/0000-0003-3983-4320
https://doi.org/10.1007/978-3-031-54589-4

Contents

Development of the Structure of a Unified Hydrobiological
and Hydrochemical Database for the Information and Analytical

System “Lake Onego and Its Cathment” ........................

V. N. Baklagin

Analysis of Current Fields and Beryllium-7 Concentration
in the Shore Area of the Southern Coast of Crimea in the Summer

of 2016 According to the Modeling Results ......................

Natalia Evstigneeva and Olga Dymova

Digital Examination of Pore Space Characteristics and Structural
Properties of a Gas Condensate Field Reservoir on the Basis

Of WCTImages ........ ..ottt

V. V. Khimulia

Identification of the Location and Possible Release Time
of the Pollution Source Based on the Method of Adjoint Equations
V. S. Kochergin and S. V. Kochergin

Effect of UV Radiation and Ozone on the Viability of Biofilms

and Resting Forms of Pseudomonas Aeruginosa Bacteria .........

M. A. Kotov, N. G. Solovyev, A. N. Shemyakin, M. Y. Yakimov,
O. V. Kalmantaeva, M. A. Makarova, and O. Y. Manzenyuk

Features Distribution of Platinoids in Oil and Gas Fields

of the Orenburg Region ........... .. ... . ... .. ... ......

G. A. Ponomareva

Dynamics of Near-Surface Air Temperatures in the Lower Don

Basin for the Period 1966-2020 .................... ... ... ......

A. Parfenova, V. Kulygin, A. Ioshpa, and A. Evlanova



vi Contents

Noble Metals of the Gaysky Copper-Zinc Massive Sulphide
Deposit of Orenburg Region ....................... ... ... ... .... 79
G. A. Ponomareva

Cryomicrophotography in a Cold Room at the Faculty

of Geography of Moscow State University Named After M.V.

Lomonosov . ... ... 87
D. M. Frolov, G. A. Rzhanitsyn, A. V. Koshurnikov, V. E. Gagarin,

and P. A. Krilovets

Wave Variation of the Magnitude of Rock Salt Mass Transfer

Coefficient Under Hydrodynamic Influence of Solution Along

the Height of Underground Excavations of UGS ...................... 93
V. P. Malyukov

On Stability of Inverse Problem Solution for Rock Mass Stress
State Reconstruction Based on Natural Fractures Analysis ............ 99
E. V. Novikova and N. V. Dubinya

Cox-Munk Model Limitations in Describing the Reflection
of Sunlight on the Sea Surface .......... ... ... ... ... ... ... .. ..., 115
I. P. Shumeyko, A. Yu. Abramovich, and V. M. Burdyugov

Neural Network for Seismic Waves Phase Picking Based
on Wavelet Scattering ............ ... ... i 123
I. A. Abzalilov, N. A. Baryshnikov, and S. B. Turuntaev

Regularities of Spatio-Temporal Distribution of Energy

Parameters of Induced Seismicity in the Development of Mineral

Deposits by Field Observations and Mathematical Modeling Data . . . ... 133
Larisa Nazarova, Nelly Miroshnichenko, and Leonid Nazarov

Stress Trajectories and Crack Propagation in Elastic Plate Under
Combined Mechanical and Thermal Loading ........................ 145
Alexander N. Galybin

Parameterization of a Two-Component Gaussian Mixture
for Description of the Sea Surface ................................... 157
A. S. Zapevalov and A. S. Knyazkov

Evolution of Small-Scale Turbulence in a Stratified Shear Flow,

Affected by Interplay of the Kinetic and Potential Turbulent

Energies . ... 165
D. Gladskikh, L. Ostrovsky, I. Soustova, and Y. Troitskaya

The Flow a Drop of Water Around a Thin Thread in Zero Gravity
and Under Normal Gravity Conditions .............................. 175
A. 1. Fedyushkin, A. A. Gnevushev, A. S. Zaharov, and A. N. Rozhkov



Contents vii

Study of Sand Production in Vertical and Horizontal Boreholes
on a True Triaxial Loading Unit .................................... 183
Yu. F. Kovalenko, V. I. Karev, S. O. Barkov, and K. B. Ustinov

Experience of Ultrasonic Technology Application in the Samotlor
Field Wells (Western Syberia) ................... .. ... ... ....... 191
M. S. Mullakaev, Y. A. Saltykov, A. A. Saltykov, and R. M. Mullakaev

Investigation of Spontaneous Movement of Ice Cover in Natural
ReSEIVOIIS . ... ... 197
T. O. Chaplina

Thermoacoustic Technology for High-Viscous Oil Production .......... 207
M. S. Mullakaev, R. M. Mullakaev, D. G. Sarvarov, and A. A. Ruhman

Zoning of the Water Area by Ocean Surface Temperature Using
Cluster Analysis ............. ... i i 213
Eugene P. Istomin, Yaroslav A. Petrov, and Irma A. Martyn

Seasonal and Long-Term Variability of Ice Conditions
inthe Western Arctic ......... ... ... i, 223
Yaroslav A. Petrov, Eugene P. Istomin, and Irma A. Martyn

Model for Forecasting the Hydrometeorological Situation

as a Component of the Development of the Transport and Logistics

System of the Arctic Region ......... ... ... ... ... ... ... 235
Artem Yu. Sidorenko, Yaroslav A. Petrov, and Evgeniy P. Istomin

Pore-Scale Computational Study of Permeability and Pore Space
Geometry in Gas Condensate Reservoir Rocks ....................... 243
V. V. Khimulia and V. I. Karev

Changes in the Composition and Properties of Basaltic Andesites
Under Sulfuric Acid Leaching Conditions ........................... 257
I. E. Bolshakov and M. A. Nikulina

Some Problems of Well Stability in Reservoirs of Underground
Gas StOrages . ........... ittt 269
V. Karev, Yu. Kovalenko, and K. Ustinov

Physical and Numerical Modeling of Nonelastic Deformations

During an Impact of Spherical Indenter on Ice Disc .................. 275
Epifanov Viktor Pavlovich, Guseva Evgeniya Kirillovna,

and Shigaev Nikita Olegovich

On the Possibility of Managing Dew Point Height in Mountain
Areas to Reduce the Risks of Natural Emergencies ................... 283
A. V. Kholoptsev, D. V. Sedov, and R. G. Shubkin



viii Contents

Studying the Features of Measuring Rock Deformations During
Tests at the High Pressure High Temperature Triaxial Apparatus ...... 295
S. O. Barkov

Physical Modeling of Sand Production in Vertical and Horizontal

Wells of Underground Gas Storage Facilities Using a True Triaxial

Loading Setup ............... 303
N. I. Shevtsov

Structure of Technogenic Landscapes of the Blyavinsky
Copper-Crusted Deposit ............ .. ... . i, 309
Vadim Petrishchev, Galina Ponomareva, and Inna Kudelina

Kurtmaly Gold Placer: Geology, Geochemical Features
of the Metal, Relationship with Indigenous Sources (Southern

Urals, Russia) ............ ... . . 315
A. V. Snachev

Experimental Study of the Distribution of Hydrocarbons Over

the Water Surface ............ ... .. 325
V. P. Pakhnenko

Simulation of Falling Rocks Using Two-Fluid Model .................. 337

N. S. Orlova and M. S. Bezuglov

Long-Shore Sediment Movements in the Area of a Small Port
Facility (South-West of Sakhalin) ................................... 345
V. V. Afanas’ev, I. O. Leont’ev, and A. V. Uba

Dynamic Processes at the Boundary of the Earth’s Liquid Core . ....... 355
S. I. Peregudin and S. E. Kholodova

Coastal Protection System on the Barrier Form of the Lagoon
(North-East of Sakhalin) ........... ... ... . ... ... ... ........... 365
V. V. Afanas’ev, I. O. Leont’ev, and A. V. Uba

Hydrocarbon Composition of Kazantip Cape Coastal Sediments
(Azov Sea, Crimea) ............. ...ttt 379
0. V. Soloveva and E. A. Tikhonova

Experimental Studies of Submerged Jets of Various Liquids ........... 389
T. O. Chaplina and V. P. Pakhnenko

Origin of Solar System Comets in the Light of Galactocentric
Paradigm ........... .. e 399
Azariy Barenbaum

Studies of Mass Transfer of Gas Salt Clathrates. Determination

of Mass Transfer Coefficient Value During Construction

of Underground Excavation-Capacity in Rock Salt at Agem ........... 431
V. P. Malyukov



Contents

On the Parameterization of Aerodynamic Roughness in Numerical
Modeling of the Land Water Bodies .................................
D. Gladskikh, E. Mortikov, and R. Ahtamyanov

Waves at the Ice-Liquid Border from Localized Sources ...............
V. V. Bulatov

Persistent Organic Pollutants in Waterfowls of the Southern

Primorye . ..... ... ..
Maksim A. Belanov, Maksim M. Donets, Mikhail Yu. Shchelkanov,

Dmitry V. Pankratov, and Vasiliy Yu. Tsygankov

Calculation of Multifrequency Impulse Effects on Inhomogeneous
Media Using the Lebesgue Integral ..................................
I. Kh. Enikeev

Energy Spectra of Sea Level Fluctuations During Propagation
Long Wavesin Branched Bays ......................................
A. Yu. Belokon and D. I. Lazorenko

Vegetation of Marshes of Coastal-Marine Wetlands (Carbon
Landfill in Salmon Bay, Southern Sakhalin) ..........................
I. O. Rozhkova-Timina

Experimental Study of the Influence of Impermeable Inclusions

on the Stress—Strain State of Cement in Sedimentary Rock Under

the Influence of Filtration Flow .....................................
Tudochkin Nikita, Tairova Aliya, and Belyakov George

On the Possibility of Using the Lithosphere Relief to Estimate

the Velocity at the Horizontal Upper Boundary of an Intensive

Vortex in the Mantle Under the Eastern Part of the Meditterranean

A L
S. Yu. Kasyanov

Effect of Bottom Geometry on Surface Waves in a Vertical
Circular Cylinder ............. ... . . i
S. V. Nesterov and V. A. Kalinichenko

Wind Wave Regime in the Alupka Area .............................
V. V. Fomin, A. A. Polozok, and I. N. Fomina

Zoning and Modeling of the Underground Hydrosphere
of the Orenburg Region ............ ... ... .. ... .. ... ... . ...
I. V. Kudelina, T. V. Leontyeva, and M. V. Fatyunina

On the Possibility of Using Lithospheric Topography to Estimate

the Velocity at the Horizontal Upper Boundary of an Intense

Vortex in the Mantle Beneath the Sea of Japan Region ................
S. Yu. Kasyanov



Development of the Concept of a Modern Approach to Well

Construction . ......... ... .t

R. R. Galliamov and R. A. Ismakov

The Black Sea Northern Part Spatial Zoning in Terms of the Mixing
Processes Intensity Based on the Data Processing Results of 87, 92,

102 and 110 Voyages of the R/V “Professor Vodyanitsky” ..........

D. A. Kazakov, A. S. Samodurov, and O. 1. Pavlenko

New Image Particle Method for Kinetic Simulation of Wakes

in Plasma with Weak and Strong Coupling ........................

Maxim Glebovich Ponomarev

On the Possible Influence of an Intense Vortex in the Mantle
Beneath the Sea of Japan Region on the Formation of Lithospheric

Relief and Sea of Japan Water Circulation ........................

S. Yu. Kasyanov

Development of a Thermometric Well on a Site Without Natural

Cover of the Moscow State University Meteorological Observatory ..

V. E. Gagarin, A. V. Koshurnikov, G. A. Rzhanitsyn, and D. M. Frolov

The Potential of Sustainability, Evolution and Adaptation
of Coastal Geosystems in the Conditions of Climatic

and Man-Made Changes (The Example of Sakhalin) ...............

V. V. Afanas’ev

Assessment of Investment Scenarios for Russia’s Energy Transition

to Carbon Neutrality Using the Monte Carlo Method ..............

K. V. Pokazeev, K. S. Degtyarev, D. A. Solovyev, and M. Y. Berezkin
Distribution of Spatial Long Waves to the Channel

with the Deformable Basis .............. ... .. ... ... ... .. ... ......

S. I. Peregudin and S. E. Kholodova

Marine Carbonate System Parameters Variability in the Kara Sea

in2019and 2021 .......... ...

N. K. Alekseeva, 1. V. Shved, A. D. Tarasenko, T. N. Eremeiko,
A. E. Novikhin, I. A. Gangnus, A. V. Vesman, N. A. Lis,
E. A. Chernyavskaya, and M. S. Makhotin

Chlorinated Organic Compounds in Mollusks Soft Tissue

from Vostok Bay (The Seaof Japan) ..............................

Aleksandra D. Borovkova, Maksim M. Donets, and Vasiliy Y. Tsygankov
Hydrography Tapering and Stream Order Computing

for GIS-Based Mapping ............ ...t

D. A. Ignatenko, N. A. Razvalov, O. P. Yakimova, I. E. Sidorina,
and A. V. Kochetova

Contents



Contents

Modelling of Stress—Strain State of Artificially Improved
Foundation During Construction of a Residential Complex

inaMegacity ........... ... ...

Dmitriy Neguritsa, German Alekseev, Evgeny Medvedev,
Konstantin Slobodin, and Ivan Tereshin

Theoretical Calculations of Plasmon Spectra for a Rectangle

with a Two-Dimensional Electron Gas .............................

Denis V. Fateev, Olga V. Polischuk, and Konstantin V. Mashinsky

Features of the Algorithm for Calculating Induced Currents
by an Electromagnetic Wave in a Rectangle with a Two-Dimensional

Electron Gas . ............. .. .

Denis V. Fateev, Olga V. Polischuk, and Konstantin V. Mashinsky

xi



Development of the Structure of a Unified | m)
Hydrobiological and Hydrochemical oo
Database for the Information

and Analytical System “Lake Onego

and Its Cathment”

V. N. Baklagin

Abstract The work is devoted to the creation of the structure of the database of
hydrobiological and hydrochemical characteristics of Lake Onego, obtained as a
result of field observations for the period 1960-2022. This database will be used
as a full-scale basis for the information and analytical system “Lake Onego and
its catchment”, which is being actively developed within the framework of the
Russian Science Foundation project No. 22-17-00193. This is a necessary tool for the
calibration and verification of Lake Onego ecosystem models. The paper presents
an algorithm and methodology for the formation of a single network of sampling
stations, for the possibility of integrating the results of hydrobiological and hydro-
chemical measurements. The technique takes into account the spatial and temporal
heterogeneity of the available data.

Keywords Database - Lake Onego - Information and analytical system

The intensification of the use of large lakes—important sources for the development
of the regional economy (for water supply, sanitation, bio resources, water transport,
energy, tourism, and aquaculture) should be accompanied by the improvement of
systems for monitoring the state of lakes, systems for managing their resources.
These systems should provide management decision-making with information to
correct existing and justify future economic projects. Decision support systems are
based on mathematical models, the calibration and verification of which is carried out
according to observational data obtained both on the Agency on Hydrometeorology
and Environmental Monitoring network and according to experiments performed by
academic organizations.
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The Agency on Hydrometeorology and Environmental Monitoring ensures the
monitoring of the state and pollution of the environment, the assessment of changes
occurring in it, as well as forecasting the development of the environment. However,
the existing system of state monitoring of water bodies is insufficient both in terms
of the composition of controlled substances and in terms of the location of obser-
vation points, and in terms of sampling frequency [1]. In addition, there was not
enough observational data on the state of lake ecosystems obtained by academic
organizations.

Now, there is extensive experience in creating databases of hydrometeorological
observations both here and abroad. The WMO (World Meteorological Organization)
International Data Center (www.hydrolare.net) has created a database of hydrom-
eteorological observations. This database contains data on long-term observations
at lake stations and posts, including monthly average data on the water level, water
surface temperature (SST), maximum ice thickness per year, and other characteris-
tics of the ice cover. This database contains data on 420 lakes and 170 reservoirs in
Russia and the countries of the former USSR.

There is a base of hydrometeorological data of Russian Hydro Meteorological
Data Research Institute in Obninsk. At the Institute of Lake Science of the Russian
Academy of Sciences, the information system «Lakes of Russia» is being developed,
which contains information about various parameters (location, morphometric and
hydrological characteristics, as well as indicators water quality) of more than 300
lakes in Russia (http://www.limno.org.ru/win/rlake.php). A database was created
for the Great American Lakes (GAL) in the USA and Canada based on NOAA
(http://www.Ire.usace.army.mil/Portals/). Using this database, a modern system for
forecasting seasonal fluctuations in water levels, currents, temperature, ice, and
bottom sediments of the Great American Lakes—*Great Lakes Coastal Forecasting
System—GLCFS” has been developed. It is used to ensure the tasks of water trans-
port and energy. There is also the Great Lakes Advanced Hydrological Prediction
System (AHPS), which is a semi-automated system that combines observational data
with mathematical models. With the help of this system, the water level and other
hydrological characteristics of Great American Lakes are predicted. The Northern
Water Problems Institute Karelian Research Centre Russian Academy of Sciences
has developed a database and GIS “Lakes of Karelia”, which includes data on
long-term observations of the chemical-biological, morphometric and hydrological
characteristics of lakes [2].

In addition, within the framework of the RSF project No. 14-17-00740, a database
was created that made it possible to structure and summarize information on the
long-term dynamics of the hydrological characteristics of the largest lakes in Russia
[3]. The database contains information about Onego and Ladoga lakes, as well as
climatic characteristics in the watersheds of these lakes for a period of more than
100 years. The database has functionality implemented in the C# programming
language, which includes several blocks. A block for calculating regression coef-
ficients and other statistical characteristics (determination coefficient, standard error
of regression, etc.), integrated into the structure of the database on the hydrological
characteristics of lakes, which allows the user to perform data analysis without using
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third-party tools. Visualization of the given sections of the lake basin. A block for
calculating various bathymetric indicators (area at a selected depth, volumes of parts
of the basin of the lake under consideration, and others) necessary for modeling
thermohydrodynamic processes in the lake. The results of the analysis by the tools
included in the developed information system can be used to modeling thermohy-
drodynamics and lake ecosystems, lake models and Lake Ecosystem models in text,
binary and XML formats.

Also, within the framework of the RSF project No. 14-17-00740; an information
system [4] was developed for working with data. In the information system, it is
possible to obtain the calculated characteristics necessary for performing research.
For example, to calculate heat fluxes through the surface of lakes, average monthly
solar radiation, etc.

However, the created databases do not allow providing the developed information
and analytical systems with full data and solving the tasks set—using them for cali-
bration and verification of the created ecosystem models [5]. Difficulties in creating
a unified database for the complex of hydrological, chemical and biological param-
eters of Lake Onego are due to the failure to comply with the basic principles of
organizing and conducting observations to solve problems related to assessing the
state and changes in lake ecosystems: according to hydrophysical, hydrochemical,
hydrological, hydrobiological indicators, as well as in bottom sediments; consistency
of the timing of their implementation with the characteristic phases of the hydrolog-
ical regime of water bodies; determination of chemical and biological parameters of
water by comparable methods.

In this regard, the purpose of this work is to form a method and structure of a
common unified database of chemical and biological observations of Lake Onego in
order to use it as a natural basis for calibrating and verifying ecosystem models.

For the purposes of integration of field and model data, the information and
analytical system (IAS) “Lake Onego and its catchment” is being actively developed
within the framework of the RSF project No. 22-17-00193 [5]. The IAS function-
ality provides spatio-temporal visualization of both direct modeling results and field
measurement data linked to the electronic basis of Lake Onego, as well as products of
their individual and joint analysis of various levels of generalization (statistics, inte-
gration, statistical analysis, etc.). An important function of the IAS is the possibility
of automated comparison of natural and calculated data (hydrological, hydrochem-
ical characteristics) used in the project of the mathematical model of the ecosystem
of Lake Onego [6, 7].

To create a single database within the framework of the developed information-
analytical system “Lake Onego and its catchment”, both data from long-term obser-
vations of the chemical-biological, morphometric and hydrological characteristics
of Lake Onego, obtained on the Agency on Hydrometeorology and Environmental
Monitoring network from 1984 to 2022, as well as data collected by the Northern
Water Problems Institute of Karelian Research Centre of the Russian Academy of
Sciences starting from the second half of the twentieth century.

Long-term data were used, which are presented in the database and publications:
chlorophyll-a [8, 9], benthos [10], phytoplankton [11], zooplankton [12] and primary
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production for the period 1960-2022, and by chemical indicators using comparable
methods for the period 1992-2022 [13-15]. The functional blocks of the database
and information system were used, created within the framework of the RSF project
No. 14-17-00740, described in the work [4].

After 1991, data collection was dictated by the conditions for carrying out various
kinds of private research tasks on state assignments, projects and grants, carried out
by various research teams, which, unfortunately, did not have a comprehensive (inter-
disciplinary) and systematic character. In addition, different equipment for sample
analysis was used in different periods of time, some methods for determining a
number of parameters, for example, nutrients, primary production of phytoplankton,
etc., changed, which led to the problem of comparability of results. The implemen-
tation of unrelated programs influenced the formation of networks of stations on the
lake. Therefore, within the framework of this work, the task was set, which consisted
in the generalization and unification of data for the possibility of integrating field
data in an information-analytical system “Lake Onego and its catchment”.

Works on the generalization of existing databases were carried out in the following
points: formation of a single network of stations with their geographical reference;
bringing data to a single format of dimensions; search and correction of errors;
definition of data arrays, according to comparable methods; software implementation
of the database manager system and its placement on the server of the Northern Water
Problems Institute of Karelian Research Center of the Russian Academy of Sciences.

One of the most important and complex tasks is the formation of a unified network
of stations. To solve this problem, the following operations were carried out, which
required both manual and automated actions:

e A reliable (reference) station group has been identified based on peer review.

e An algorithm has been developed to classify the rest of the stations and records
found in the databases of hydrobiological and hydrochemical observations based
on the updated list of stations.

Figure 1 shows a block diagram that implements the algorithm for generating a
single list of stations and updating the geodata of hydrobiological and hydrochemical
data base records in a single database. The result of the algorithm (implemented as an
application in the python programming language) made it possible to obtain a single
list of stations (412 names—shown in Fig. 2) that have a geographic reference on
the ground, as well as relational links with records of measurements in the databases
developed by the Northern Water Problems Institute.

On the ground, the stations were grouped according to the limnic regions of Lake
Onego, according to the description presented in Ref. [15] to enable comparison of
the modeling results with the data of field observations within a separate region of
Lake Onego. Figure 2 shows the location of sampling stations on Lake Onego for
1960-2022 (a fragment of a web application that implements the information and
analytical system “Lake Onego and its catchment” is given).

Identification and elimination of gross errors in the values of hydrobiological
and hydrochemical characteristics was carried out according to the “three sigma”
criterion described in Sergeev [16]. Found records that did not meet the criterion
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updating the geodata of records in hydrobiological and hydrochemical databases
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Fig. 2 Location of sampling stations on Lake Onego for 1960-2022: 1—Poveneckij bay, 2—
Zaonezhskij bay, 3—Kondopozhskaya bay, 4—Bol’shoe Onego, 5—Maloe Onego, 6—Petroza-
vodskaya bay, 7—Central’noe Onego, 8—Yuzhnoe Onego

of “three sigma” were submitted for peer review by experts in the relevant field
for adequacy. According to the “three sigma” criterion, it is considered that with a
probability of P = 0.9973 and a significance of o = 0.0027, the occurrence of even
one random error greater than an unlikely event and it can be considered a gross error
if:

x; > 38,,
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where S, is the estimate of the standard deviation of the measurements.

The values of S, are calculated without taking into account the extreme values of
Xi.

The three sigma method used the following procedure:

1. The doubtful value of the measured value was revealed—the largest or the
smallest.

2. The arithmetic mean value of the sample was calculated without taking into
account the doubtful value of the measured value.

3. The S, values of the sample were determined without taking into account the
doubtful value of the measured value.

4. The difference between the arithmetic mean and the doubtful value of the
measured value was calculated and a comparison was made.

If the inequality is true:
lx; — x| > 38,

that doubtful value was subjected to peer review, otherwise, the value was left in the
series.

Extremely high and low, experts for adequacy further analyzed values of the
parameters. For example, despite the very high detected values of chlorophyll-a
concentration (57.99 mg/l) in the area of the Kondopoga Bay on August 22, 2007
station K27 (62.179167°N, 34.252222°E) (Fig. 3), experts confirmed (proved) the
reliability of these data in scientific works [9, 17, 18].

As a result of processing the measurements, the results were structured in the
form of relational (two-dimensional) tables for each of the sections. To convert data
into SQL format, a software module has been developed built into the web appli-
cation that implements the information and analytical system, which allows you to
generate SQL tables from CSV files (field observation data, as a rule, consist of files
represented by office formats.doc,.xls,.csv), this makes it possible to carry out opera-
tional and technological updating of the database, due to this, the generalization and
reduction to a single format of the accumulated field measurements and the results
of expeditionary research, as well as the integration of data into a single database.

In addition, an important and necessary functionality of the information and
analytical system “Lake Onego and its catchment” is the ability to compare simu-
lation results with field data. In this regard, the problem of processing field data
unevenly distributed in space was solved in order to compare these data with the
results of modeling on a model grid (with a horizontal step of 1 km). The solution of
this problem was carried out by applying the interpolation method—the method of
inverse weighted distances (IWR). The essence of this method lies in the fact that the
points that are closer to those at which the characteristics are evaluated (in this case,
hydrophysical, hydrobiological, hydrochemical)—reference points, have a greater
influence than remote points. The value of the characteristic at the desired point
(node of the model grid) will be most similar to the property values at nearby control
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Fig. 3 Distribution of chlorophyll-a concentration (mg/l) on the surface of Lake Onego for the
period 1992-2020 (averaged values for August) according to field observations [8, 9] (a fragment
of a web application that implements the information and analytical system “Lake Onego and its
catchment” is presented)

points, and less similar to the values at remote control points. The share of “partici-
pation” of the value of the characteristic in the reference point in the calculation of
the desired value is expressed as a weighting factor w. The weighting coefficients
are calculated as inversely proportional to the distance to the power of p. The value
of the characteristic in the node of the model grid is calculated by the formula:

N

Z(x0, y0) = »_ oi - Z(xi, i),
i=1

where Z(x;, y;) is the value of the characteristic at the i-th reference point; w; is the
weight coefficient of the i-th reference point; N is the number of reference points.

The above calculation algorithm is implemented in the python programming
language and embedded in the developed information and analytical system. Further
work is aimed at solving the problems associated with the development of a method-
ology for checking the adequacy of model calculations in the conditions of a limited
spatio-temporal series of available field data, since standard statistical methods
cannot be applied due to the small volume of reference values.

Thus, the structure of a unified database of hydrochemical and hydrological
parameters of Lake Onego has been developed, which will allow monitoring the
state of the Lake Onego ecosystem, but also being a natural basis for calibrating and
verifying mathematical models of the lake ecosystem.
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and Beryllium-7 Concentration oo
in the Shore Area of the Southern Coast

of Crimea in the Summer of 2016

According to the Modeling Results

Natalia Evstigneeva® and Olga Dymova

Abstract Based on the hydrodynamic model of the MHI, adapted to the conditions
of the Black Sea coastal area with open boundaries, a numerical experiment was
carried out to reconstruct the fields of currents and beryllium concentration with
the assimilation of hydrological data and satellite sea surface temperature in the
summer of 2016. We used a high spatial resolution (horizontal grid ~500 x 500 m).
A higher spatial resolution allowed to reconstruct a submesoscale structure of the
current fields in the upper and deep layers and to obtain quantitative and qualitative
characteristics of the eddies and currents more accurately compared to calculations
on a ~1.6 km grid. An increased radionuclide content was reproduced in the field
of beryllium-7 concentration in the coastal zone of Yalta and in the Feodosiya Bay,
associated in the first case with atmospheric precipitation, and in the second case
with submesoscale dynamics. Reduced values were detected at the periphery of the
Rim Current and near Cape Sarych. At the same time, it was possible to reconstruct
the decrease in beryllium content near the southern tip of the Crimea, recorded by
in-situ measurements, only with the help of the model with a resolution of ~500 m.
The decrease in the concentration of beryllium-7 was associated with the formation
of coastal upwelling, not reproduced by the model with a resolution of ~1.6 km.
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1 Introduction

Radioactive isotopes, such as beryllium-7 ("Be), are informative tracers of the
processes that determine the supply and transport of substances in the active layer of
seas and oceans on various time scales. Since numerical modeling makes it possible
to reconstruct and analyze the evolution of the radionuclide concentration field, the
models of their transfer are of great interest and are used, in particular, to assess
the state and predict changes in the ecosystem [1]. A necessary condition for the
correct simulation of the radionuclide field evolution is the exact reconstruction of
hydrodynamic fields close to observed.

A number of investigations for the Black Sea have been carried out on the numer-
ical assessment of the transport of various impurities in the coastal zone, including
the influence of fast submesoscale eddies. A three-dimensional model of beryllium-
7 transport in the marine environment with a resolution of 5 km was proposed
in Kremenchutskii et al. [2]. Validation of the calculation results was carried out
according to the data from the stationary oceanographic platform in the urban-type
settlement Katsiveli (Southern Coast of Crimea). Using the results of field observa-
tions, it was shown that the model allowed to correctly reproduce the evolution of
the field of ’Be concentration in the surface water layer.

Preliminary estimates of the transfer of passive impurities in 2016 and comparison
with measurement data in the upper layer were made in Dymova and Demyshev [3]
on the basis of the model developed at the Marine Hydrophysical Institute (MHI) for
carrying out calculations with a spatial resolution of ~1.6 km. The analysis showed
that the modeling errors exceeded the measurement error for stations close to the
shore, while for deep-sea stations a good agreement was observed (less measurement
error). This result makes it necessary to increase the model resolution on the shelf.

Eddy structures of different scales, regularly recorded on satellite radar images,
make a significant contribution to the circulation of the coastal zone and are an
effective mechanism for the transfer of various kinds of impurities of natural and
anthropogenic origin. The studies [4—7], done to date on modeling, forecasting and
observation of hydrophysical fields with high spatial resolution, contain new results
on meso- and submesoscale features of the Black Sea circulation.

Calculations of the distribution of pollutants in the coastal zone of the Adler-Sochi
region were presented in Diansky et al. [4], based on the INMOM hydrodynamic
model, implemented in two versions (with a uniform spatial resolution of ~4 km
and uneven, with a step reduction of up to 50 m). It was shown that the version
of the model with a higher spatial resolution reproduced the eddy circulation more
adequately.

Hydrophysical fields were calculated with a high spatial resolution (horizontal
grid ~350 x 350 m and 38 vertical horizons) in the period from 1 to 31 October
2006 in Demyshev and Evstigneeva [5], based on the hydrodynamic model of MHI
in the coastal region of the South Coast of Crimea (between 44.25 and 44.72° N and
33.95 and 34.55° E) with open boundaries. The fields of currents, level, temperature
and salinity on the northwestern shelf of the Black Sea were reconstructed with a
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spatial resolution of 500 m in the autumn period of 2007, also based on the MHI
model, in Demyshev and Evstigneeva [6]. Due to the finer grid step in Demyshev
and Evstigneeva [5, 6], it was possible to reconstruct the meso- and submesoscale
structure of hydrophysical fields in the upper and deep layers and obtain quantita-
tive and qualitative characteristics of eddies and jets more accurately compared to
previous calculations.

Data on the evolution of the dynamic and thermohaline structure of submesoscale
cyclonic eddies, attached to the Batumi anticyclone, were obtained in Bogdanov et al.
[71, on the basis of the results of numerical modeling using the NEMO model for
2008-2009 and the algorithm for automatic identification of eddies.

Our study is a continuation of the development of a three-dimensional model
of beryllium-7 transport in the waters of the Black Sea, developed earlier in
Kremenchutskii et al. [2] and Dymova and Demyshev [3], in order to more correctly
describe the spatial and temporal variability of the radionuclide concentration in the
coastal zone. The reconstruction of the current fields and the beryllium-7 concentra-
tion in the area of the Crimean shelf was performed with ultra-high spatial resolution
(horizontal grid ~500 x 500 m) and assimilation into the model of available obser-
vational data (in-situ temperature and salinity measurements, satellite sea surface
temperature), based on the experience of previous works [5, 6, 8]. The expediency of
using a finer grid step, when reconstructing the meso- and submesoscale features of
the coastal circulation and radionuclide distribution, was shown by comparing with
fields, obtained with a coarser grid step (~1.6 km).

2 Parameters of the Numerical Model and Description
of Experiments

We used a z-coordinate three—dimensional nonlinear model of the Black Sea [9],
based on the complete equations of ocean thermohydrodynamics in the Boussi-
nesq approximation, hydrostatics and incompressibility of seawater in the form of
Gromeka-Lamb, which was developed at the MHI. The model was supplemented
with a block for calculating passive impurity transfer and assimilation of observa-
tional data. Wind friction stresses, heat, moisture and matter (radionuclide) fluxes
from the atmosphere were set as boundary conditions on the free surface. Friction
on the bottom was not taken into account; conditions for the absence of normal
momentum, heat and matter fluxes on the solid boundary were set. The choice of
conditions on open boundaries was determined by the type of experiment: for the
entire basin or a limited area of the sea. The basin bathymetry was constructed with
the help of the depths array by EMODnet (EMODnet Digital Bathymetry (DTM
2020)-Tile D3. https://emodnet.ec.europa.eu/geonetwork). The fields of sea surface
height, temperature, salinity, radionuclide concentration and horizontal velocity were
set at the initial time. Finite-difference discretization of the model equations, initial
and boundary conditions was carried out on the C grid.
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To set the fields of tangential wind friction stress, heat fluxes, short-wave radiation,
precipitation and evaporation, we used ERAS5 atmospheric reanalysis data with a
resolution of (1/4)° (Copernicus Climate Change Service, Climate Data Store, (2023):
ERAS hourly data on single levels from 1940 to present doi: https://doi.org/10.24381/
cds.adbb2d47). To assimilate the sea surface temperature (SST), satellite data from
the Copernicus Marine Research Center (Black Sea product—High Resolution and
Ultra High Resolution L3S Sea Surface Temperature https://doi.org/10.48670/moi-
00158) were used.

The boundary conditions describing the total (dry plus wet deposition) flux of
beryllium-7 from the atmosphere were constructed using a one-dimensional model
[10]. The model also took into account the deposition of the radionuclide on partic-
ulate matter. The particulate matter concentration fields were calculated using the
uplink brightness data measured by the MODIS satellites and the regional algorithm
[11].

Two numerical experiments on modeling the circulation and transport of
beryllium-7 were carried out in the work for the period June—July 2016: for the
Crimean section of the shelf and for the entire basin. The choice of the interval was
due to the fact that 87th cruise of the R/V “Professor Vodyanitsky” was held at that
time in the area of the Southern Coast of Crimea [12] and direct measurements were
carried out not only of hydrological characteristics, but also of the concentration of
"Be.

Experiment 1 was carried out for the area, located between 33.37-36.46°E and
43.99-45.15°E and covering a section of the shelf from Cape Chersonesus to the tip
of the Kerch Peninsula. The spatial resolution was 0.00696° in longitude and 0.005°
in latitude (~560 m). We used 27 vertical z-horizons with depths 2.5, 5, 10, 15, 20,
25, 30, 40, 50, 62.5, 75, 87.5, 100, 112.5, 150, 200, then every 100 m to 500, then
after 200 m to 1700, 2100 m.

Dirichlet conditions were implemented for the equations of motion on the open
part of the lateral boundaries (velocity components were specified, using a model
with a coarser resolution for each calculated moment of time). From the analysis
of the influence of various types of boundary conditions (Dirichlet conditions, free
flow and mixed type) for temperature and salinity at the liquid boundary on the
formation of thermohaline fields, those conditions were selected that provided a
more accurate reproduction of temperature and salinity near open boundaries. For
the border sections, where water flowed into the region, temperature and salinity
were set (Dirichlet conditions); for the border sections, where water flowed out of
the region, Orlansky conditions were set to determine 7 and S on the open border
[13]. The discretization of those conditions was carried out using a central explicit
numerical scheme [14] to calculate the disturbance transfer rate.

The coefficients of turbulent viscosity and horizontal diffusion were chosen v
=5-10° cm?/s, k¥ = 3-103cm?/s. The coefficients of turbulent momentum exchange
and vertical diffusion were calculated in accordance with the Pakanovski-Philander
approximation [15].

H
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To assimilate the hydrological survey data, a four-dimensional analysis procedure
was used [8], based on the method of sequential optimal interpolation. Covariance
functions of thermohaline fields were approximated by an exponential type function
exp(—\[(x — x/)* + (y — y)?]), where A was a dimensional parameter (equal to
0.023- (Ax)72) corresponding to value of the correlation function of 0.1. The data of
the hydrological survey of the 87th cruise of the R/V “Professor Vodyanitsky” were
taken from the Bank of Oceanographic Data of the MHI.

The stations from the area under consideration were grouped by days and assimila-
tion was carried out once a day: July 66 stations, July 8-3 stations, July 9-2 stations,
July 10-6 stations, July 11-8 stations, July 12—4 stations, July 14-9 stations, July
15-5 stations, July 16-7 stations.

Experiment 2 was carried out for the entire Black Sea on a grid with a resolu-
tion of 0.020° and 0.015° in longitude and latitude, respectively (~1.6 km), the
vertical resolution was similar to experiment 1. The open boundaries in the calcu-
lation were river mouths and straits where Dirichlet conditions were set. Vertical
turbulent exchange was parametrized by the Mellor-Yamada closure model, hori-
zontal diffusion and viscosity were defined with the help of the biharmonic Laplace
operator with constant coefficients equal to 10'® cm*/s. Satellite surface temperature
was assimilated once a day. Assimilation of contact temperature and salinity profiles
was carried out similarly to experiment 1. Due to the peculiarities of the implementa-
tion of the four-dimensional analysis procedure, the data were assimilated if at least
two measurement stations on a specific date were located at a distance of less than
20 km from the model grid node.

When performing calculations, all initial and boundary fields were interpo-
lated to the corresponding grid. The total time of integration of the model equa-
tions in experiment 1 was 26 days (06/26/2016-07/21/2016), in experiment 2—one
year (01.01.2016-12.31.2016). The output data of both models were daily three-
dimensional fields of thermohydrodynamic characteristics and beryllium-7 concen-
trations. The analysis was carried out for the area bounded by 33.37-36.46° E and
43.99-45.15° N.

3 Analysis of Current Fields, Reconstructed
with Ultra-High Resolution

The initial field of currents was mainly characterized by westward flows with a
maximum velocity 44 cm/s at the upper horizons; an anticyclonic eddy was observed
in the 10-30 m layer in the Yalta Bay (between 34 and 34.4°E), anticyclonic eddy
formations below 30 m—between 34.2 and 35.2° E. Figure 1 illustrates the fields of
surface currents for 29th of June, 4th, 11 and 16th of July, 2016.

The Rim Current jet was observed along the Crimean coast, the maximum velocity
could reach 50 cm/s at the upper horizons. During the considered summer period
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Fig. 1 Fields of currents (cm/s), calculated in experiment 1, at the depth of 3 m on 29th of June 29
(a), 4th of July (b), 11 of July (c) and 16th of July (d), 2016

meso- and submesoscale eddies were formed and developed in the upper layer
between the coastline and the Rim Current.

An anticyclonic eddy with a radius of about 20 km was generated and moved
along the direction of the movement of the Rim Current in the upper 30-m layer
between Yalta and Cape Ayu-Dag from 27th of June to 15th of July (for example,
Fig. 1a, b and c). An anticyclonic vorticity in the field of currents was observed in
the Yalta Bay (between 34 and 34.4° E) (Fig. 1a) from 26th of June to 30th of June,
a cyclonic eddy—near Cape Ai-Todor.

Chains of eddies of different scales and signs of vorticity were formed during the
entire calculation period between Cape Ayu-Dag and Cape Meganom, when the Rim
Current flowed around the uneven coastline (for example, Fig. 1). An anticyclonic
eddy with a radius of about 20 km was observed from 9 to 18th of July between 33.4
and 33.9 °E in the upper 30-m layer.

Changes with depth in the fields of currents were also analyzed. The fields of
currents at the depth of 3, 10, 30 and 100 m on 27th of June and 12ve of July, 2016
are presented on Fig. 2.

An intense jet of Rim Current along the Crimean coast was noted at all horizons.
Anticyclonic and cyclonic eddies were reconstructed in the upper 10-m layer west of
Yalta on 27th of June, an anticyclonic vorticity was formed below 10 m between the
Rim Current and the shore. An anticyclonic eddy between Cape Sarych and Cape
Ai-Todor was obtained on 12th of July in the upper 30-m layer. Anticyclonic eddies
were generated along the coast between Yalta and Cape Meganom.
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Fig. 2 Fields of currents (cm/s), calculated in experiment 1, at the depth of 3, 10, 30 and 100 m on
27th of June and 12th of July, 2016 (every fifth arrow was shown)

4 Comparison of the Results of Two Experiments (With
a Resolution of ~500 m and ~1.6 km)

Fields of currents. Some qualitative differences were detected in the structure of
the fields, when analyzing the fields of currents, calculated in two experiments. A
number of eddy formations in the experiment with a lower resolution were absent or
were less pronounced. It was possible to reproduce the circulation along the coast
on the upper horizons in more detail in the experiment with a higher resolution. As
an illustration, we present the fields on 29th of June, 2016.

Figure 3a and b show the fields of currents, calculated by the model with a resolu-
tion of ~500 m at 3 and 30 m levels (every sixth arrow is shown); Fig. 3¢ and d—the
fields of currents, calculated by the model with a resolution of ~1.6 km at the depth



18 N. Evstigneeva and O. Dymova

/?/

Mi ME ME ¥

Fig. 3 Fields of currents (cm/s), calculated in experiments 1 and 2, at the depth of at 3 and 30 m
on 29th of June, 2016

of 3 and 30 m horizons (the second arrow is shown). A qualitative agreement was
obtained when comparing the fields of currents, presented on Fig. 3, however, due
to a finer grid step, it was possible to specify the structure of the fields. An anticy-
clonic eddy formation in the Yalta Bay, a cyclonic eddy near Cape Ai-Todor and two
anticyclonic eddies near Cape Meganom were reconstructed on the upper horizon
(Fig. 3a). An anticyclonic eddy formation between 33.4 and 34° E was more clearly
observed (Fig. 3c) at the deep horizon (30 m).

The field of beryllium-7 concentration. A comparison of the fields of concentra-
tion, based on the results of two calculations, showed that both models provided
qualitatively similar data: increased concentrations of Be, due to the advective
transport of Rim Current, were observed in the southeastern part of the polygon.
The values of concentration were lower at the periphery of the Rim Current, and the
greatest differences were observed in the coastal zone. Figure 4 shows the fields of
beryllium-7 concentration on 19th of July, 2016. The elevated concentrations of "Be
in the area of urban-type settlement Gurzuf and Partenit, were apparently associated
with atmospheric precipitation (Fig. 4c), while in the Feodosiya Bay, the concentra-
tion field was formed by submesoscale processes (Fig. 3a). Significant differences
in the coastal zone were found in the area of Cape Sarych. According to the data of
experiment 1 (Fig. 4b), the concentration here was approximately 1.5 times lower
than in experiment 2 (Fig. 4a).

Comparison of the simulation results with observational data showed that both
experiments gave similar values of concentration in the seaward part that fell within
the measurement error themselves, and experiment 1 gave more accurate data near
the shore. As can be seen from the Fig. 5, the 7Be concentration, reconstructed in
experiment 1, lied within the measurement error for the station, performed on 19th of
July, 2016 at the point (33.55° E, 44.43° N), while it exceeded both data observations



