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Abstract. Groundwater, as a source of water supply, the most important mineral and geopolitical resource, is often the
only source of high-quality drinking water that is protected from pollution under conditions of increasing deterioration
of surface water quality. Transboundary groundwaters are the focus of hydrogeological researchers for a number of
reasons, including the reduction and pollution of water resources as a result of economic activities. The increased
controversy between states over transboundary water issues has necessitated the development of international legal
documents on issues related to water conflict prevention and the sustainable use of fresh water. As part of the analysis
of the problem of legal regulation of groundwater extraction from transboundary aquifers and complexes, it is proposed
to consider this aspect on the example of Russia. The problems of regulation of rational use and protection of fresh
water in the bilateral treaties of the Russian Federation were revealed; a methodology for the management of ground-
water extraction in the territory of the transboundary aquifer was developed, the size, parameters, and factors influenc-
ing the formation of the transboundary zone have been determined (based on research and analysis of water intake
activities in the border areas of the Russian Federation and the Republic of Estonia) were determined.

Key words: transboundary aquifer; water resources; legal regulation; extraction of groundwater; the “big well” method;
bilateral agreement

Acknowledgment. The study was supported by the grant from the President of the Russian Federation (project
N MK-5940.2021.2 “Development of an international system for groundwater resources management in transbound-
ary territories”).

Accepted: 30.11.2021 Online: 27.12.2021 Published: 27.12.2021

Introduction. According to the UN, by 2025 Russia with Scandinavia, South America and Can-
ada will remain the most abundant in fresh water — more than 20 thousand m’*/year per person (inhab-
itant) [3]. In the future, Russia is assigned a special role in solving the problems of rational water use
not only on its territory, but also in the international arena, which determines the strategic importance
of water resources for the Russian Federation. At the same time, even if in Russia questions regarding
the sufficiency of fresh water reserves do not arise, then in some neighboring countries the problems
of fresh water usage are quite acute, which may affect the water bodies shared with Russia. In this
regard, it is important to study intergovernmental agreements, bilateral treaties of the Russian Feder-
ation on the use and protection of transboundary sources of fresh water in order to establish their
compliance with modern trends in the development of international legal regulation of relations in
this area and ensuring the interests of Russia [10].

Many aquifers and complexes are transboundary, i.e. they lie on the territory of two or more
administrative units within a country or two or more countries. In the second case, the administrative
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and operational management of groundwater resources faces additional challenges and requires har-
monization of rules and establishment of transboundary cooperation between different bodies dealing
with groundwater issues, based on mutual trust and transparency. There are few examples of such
cooperation [11].

As practice shows, the need for joint groundwater exploitation from transboundary aquifers and
complexes almost always leads to the emergence of certain tensions in the societies that they unite.
This 1s due to various factors, which, in addition to relations between countries, include issues of
national security, development of economic potential, openness and environmental stability. Trans-
boundary water resources management can be both a unifying factor and a cause of conflict; orienta-
tion is largely due to political will [2].

Few international boundaries match natural physical features and water resources can cross them
unhindered. For effective governance and fair distribution, scientists assess the resources that cross
these boundaries. In hydrogeological terms, they can only be assessed through observations and meas-
urements of selected hydraulic parameters, similar to the process of assessing other transboundary
resources. In many cases, an aquifer can have a recharge area on the territory of one state, and a
discharge area on the territory of other border states. For Russia, the topic is relevant due to the pres-
ence of 16 land-based neighboring states.

Analysis of the current state of knowledge and use of groundwater shows that in the new socio-
economic conditions, the effectiveness of research depends not only on the degree of study of hydro-
geological conditions, but also on the compliance of their results with the requirements of the regu-
latory framework. The issues of legal regulation of the study and extraction of groundwater have not
received sufficient scientific substantiation, which significantly affects the information support of the
work performed and their efficiency [5].

The beneficial and rational use of groundwater largely depends on socio-economic, institutional,
legal, cultural, ethical and political considerations. Their national development is hampered by weak
social and institutional capacities, legal and policy frameworks. In a transboundary context, this can be
reinforced by contrasting levels of knowledge and capabilities on both sides of many international bor-
ders [4].

Modern research on the processing of minerals is aimed at increasing the environmental, economic
and energy efficiency of technological processes due to the high demand for energy and water [26]. The
balance of economic interests of the subjects that are part of the country is a necessary condition for
increasing the efficiency of the mineral resource industry at all levels of government [21, 24]. Therefore,
issues related to the state management of groundwater resources are relevant.

The problems of transboundary regulation of mining are analyzed in [16, 20, 27]. The distribu-
tion of shared water resources of a transboundary nature in accordance with international law is one
of the key security factors in the region [19].

The main goal of the article is to improve the legal framework in the field of state regulation of
the groundwater resources extraction in transboundary territories by amending the laws and regula-
tions governing the procedure for the extraction of groundwater for various purposes from trans-
boundary aquifers and complexes.

Methodology. The search for ways to resolve interstate disagreements on the use of water bodies
located on the territory of two or more states is becoming more relevant in the international commu-
nity [6]. First, it is necessary to establish definitions and concepts in the field of transboundary water
resources, as well as to carry out an analysis of the current norms of Russian and international legis-
lation.

Transboundary waters are understood as reservoirs and watercourses or waters that cross the
state border of two adjacent states or along which state borders pass. This concept was adopted in
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the “UNECE Convention on the Protection and Use of Transboundary Watercourses and Interna-
tional Lakes” in 1992, it is largely identical to the concept of “boundary waters” [17]. Article 19 of
the Water Code of the Russian Federation of 1995 defines transboundary water bodies as “... surface
and ground water bodies that designate, cross the border between two or more foreign states or along
which the State border of the Russian Federation runs, are transboundary (border) water bodies”,
and further “The procedure for the use and protection of transboundary (border) water bodies is
established by this Code, the legislation of the Russian Federation on the State Border of the Russian
Federation and international treaties of the Russian Federation” [5]. However, in the Water Code of
the Russian Federation, approved in 2006, and in the amendments adopted to it there is no such
article [2, 19].

Analysis of bilateral agreements between Russia and neighboring states shows that in half of the
treaties under consideration, transboundary freshwater objects are understood as “rivers, lakes,
streams, swamps, as well as groundwater located or crossing the borders of two contracting states”
[1, 6], while the use and protection of transboundary groundwater sources is eliminated from the other
half of the treaties [10].

At the same time, existing international treaties and other acts to ensure the rational use and pro-
tection of transboundary fresh water sources are increasingly calling on states to implement integrated
water resources management, which involves the coordinated management of various types of water
resources — surface, underground, etc. In this part, integrated water resources management remains the
most unenforceable, since it does not take into account the peculiarity of groundwater and the resulting
need for special legal regulation [10]. This problem remains relevant for Russia. The use and protection
of surface fresh water resources is regulated by the provisions of the 2006 Water Code of the Russian
Federation. Groundwater is partially subject to the norms of the Water Code, however, mainly the issues
of its use and protection are regulated by the legislation on subsoil, in particular the Law of the Russian
Federation “About mineral resources” N 2395-1 dated February, 21 in 1992. In addition to the fact that
both documents need modernization, it is also necessary to correctly delineate and interconnect these
regulatory documents in terms of adjustment and regulation of groundwater extraction. Thus, after nu-
merous amendments to the water legislation, the concept of continuity “in relation to the legal regulation
of groundwater bodies” has disappeared. If the earlier existing Water Code of the Russian Federation
contained the concept of “underground water body”, then in the new code there is no such concept. It
1s not yet clear what is meant by a groundwater body as an object of legal regulation of water legislation,
and how it differs from groundwater regulated by mining law. The lack of unity in terminology creates
contradictions in the choice of the branch of natural resource law, which should regulate the use and
protection of groundwater [4, 5].

The current Water Code provides that the right to use groundwater bodies arises on the basis and
in the manner established by the legislation on subsoil. However, “the referential nature of the norms
of water legislation seems to be insufficient in the absence of detail and legal regulation ofrelations”
in the legislation on subsoil [14, 15]. Disunity of legal regulation in several branches of natural re-
source law exacerbates the problem of the implementation of legal norms in this area, since it leads
to collisions and contradictions [5]. Therefore, most researchers tend to the fragmented nature of the
legal regulation of the use and protection of water resources and ignore the ecosystem approach in
the Russian legislation [§].

Russia has created a regulatory and methodological framework for nine bilateral agreements of
the Russian Federation in the field of protection and rational use of transboundary water bodies with
Belarus, Kazakhstan, China, Mongolia, Ukraine, Finland, Estonia, Azerbaijan, Abkhazia and a trilat-
eral agreement on the river Paz (Paatsojoki) with Finland and Norway [6, 7, 13]. Bilateral treaties of
the Russian Federation proceed from the applicability of the same rules to surface and underground

790

The article is published in the open access article under the CC BY 4.0 license



DOI: 10.31897/PMI.2021.6.2 Journal of Mining Institute. 2021. Vol. 252. P. 788-800 E¥=jE
© Ekaterina I. Golovina, Anastasia V. Grebneva, 2021 &

transboundary freshwater bodies, like most countries exploiting common aquifers. In both national
and international legislation, there are practically no regulations for determining the size of the trans-
boundary zone (TZ), rules and restrictions on the operation of groundwater intakes located along state
borders.

One of the most important points missed in the current international legislation on the regulation
of groundwater extraction in transboundary territories is the lack of a definition and methodology for
calculating the width of TZ along the state border. For the first time, the concept of the territory of a
transboundary aquifer (TTA) is defined as a strip of land located on both sides of the state border of
neighboring countries, which has certain geometric dimensions that were calculated by hydrogeolog-
ical methods based on filtration parameters of jointly exploited aquifers.

Limiting the width of the TZ along the state border means limiting the zones of responsibility
for groundwater extraction, construction of mining enterprises, land reclamation and extraction of
shale oil. The transboundary area should meet the following requirements (factors):

» especially controlled regime of subsoil use (management of groundwater resources) within the
boundaries of the width of the TZ;

» mutual two-way monitoring system for all exploited aquifers with functions of periodic meas-
urement of levels and carrying out chemical, radiological, microbiological analyzes;

* limitation on depletion of reserves at TTA, which is determined by mutual agreements and
settlements, i.e. the parties agree on the maximum permissible decrease in the level of groundwater
at the specified monitoring points for the billing period;

* a special regime for monitoring groundwater production, expressed ina 100 % licensing system
for water intakes, including low-flow single water intakes with a production volume of up to
100 m*/day and the obligatory approval of reserves by categories with the production of geological
exploration work (geological exploration) [2]. Each water intake that falls into the TZ must be
equipped with a system for monitoring production volumes (water meters, systems for measuring
groundwater levels), as well as periodic reporting on the state of the chemical and microbiological
situation for the water samples taken;

» extraction of drinking, technical and mineral groundwater is to a varying degree related to the
assessment of reserves, respectively, from this point of view, groundwater is a mineral. Consequently,
groundwater is a “commodity” that must have a value [2]. It seems expedient to transfer TZ to a new
system of taxation of groundwater extraction, i.e. introduction of a tax on the extraction of minerals,
the rate of which may vary depending on the quality of groundwater, intended use, category of re-
serves. The cost of groundwater acquires a function of the cost of water treatment, intended use,
transportation, category of reserves (A, B, C1, C2) [2].

A method to substantiate the width of the TTA has been developed, taking into account specific
geological conditions. As an example, the materials of geological research in the territory of the Lenin-
grad region and Estonia were used. The object of the study is the Lomonosov aquifer, which is used for
domestic and drinking water supply and is of strategic importance; the calculation period is 25 years.

Results and discussion. Hydrogeological studies on the issue of groundwater extraction from a
transboundary aquifer are described in detail in [4, 9] using modern methods of numerical modeling
for the two main aquifers in the area of the Russian-Estonian border.

The study boundaries were taken from the aquifer recharge area to the discharge area. The re-
search work was of a fundamental nature, a large number of water intakes, data from the Russian and
Estonian monitoring networks were analyzed, and the impact of individual water intakes both from
the Russian side on the Estonian side and vice versa was calculated. The main conclusions of the
work were that the hydrodynamic situation at the TZ is close to neutral, despite the significant capac-
ity of the water intake facilities in the border area. The work was carried out on the analysis of mate-
rials from the late 1990s — early 2000s.
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Fig.1. Layout of observation points and observed indicators for the state of transboundary
*
groundwater bodies in Russia and Estonia

Experts from Russia and Estonia took part in the work; a numerical model was developed and
analytical calculations were carried out. Russia continues to exchange data from groundwater monitor-
ing systems, and also uses the developed numerical model to solve predictive epignosis problems.

Assessment of the mutual hydrodynamic influence during the joint exploitation of aquifers makes
it possible to assess the “attraction” of water resources from the territory of a neighboring state [4].

The joint exploitation of groundwater in the border area of Russia — Estonia is analyzed. In hy-
drogeological terms, the territory under consideration is located in the East European artesian basin,
within which the following objects are distinguished: the Lomonosov (Lower Cambrian) aquifer, the
Cambrian-Ordovician aquifer and the Ordovician aquifer complex. The most exploited aquifer in the
border area is Lomonosov (Lower Cambrian), which is under the influence of joint exploitation of
groundwater for drinking water supply, mine and quarry drainage in the territory of the Russian Fed-
eration and the Republic of Estonia. The layout of observation points is shown in Fig.1.

The object of research is the Lomonosov aquifer, which is widely distributed in the Leningrad
region in Gatchinsky, Lomonosovsky, Volosovsky, Kingiseppsky and Slantsevsky districts, as well
as in the northern part of the Gdovsky district and the Pskov region. It is composed of fine-grained,
weakly cemented sands, interbedded with interlayers of siltstones and clays. The thickness of the
aquifer in the study area is, on average, 20 m. The water-resistant roof for the Lomonosov aquifer is
the clays of the Lontovaskaya suite. It is underlain by water-resistant kotlin deposits of the upper
proterozoic; the aquifer lies at a depth of 109-208 m from the earth surface. The filtration coefficient
1s 0.11-5.2 m/day, in the study area on average — 3 m/day. The head height in some places reaches
180 m and more; the depth of the water level varies from 34.4 to 72 m.

*Information Note on the State of Transboundary Groundwater Bodies (Russia — Estonia) for 2018. North-West Regional Center of
the HMSN, 2018.
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Transboundary consumers of groundwater in this area are: the Russian Federation, the main
group water intakes in the border zone — Ivangorod, Kingisepp, Slantsy (total water withdrawal —
3.341 thousand m*/day); the Republic of Estonia — Vaivara, Vasasvere, Konsu, Agusalu, Permiskiila
and Gorodenka (total water withdrawal — 2.923 thousand m*/day).

Joint exploitation of the Lower Cambrian aquifer by water intakes located on the territory of the
Leningrad region and the Republic of Estonia, formed a disturbed groundwater level regime. Change
in the groundwater level at water intakes in the border area of Russia in 2018 (Ivangorod/Kingisepp):
groundwater production — 1.93/1.14 thousand m?/day; actual lowering of the groundwater level S¢—
32.5/24.2 m; level change — +1.3/—0.9 m; permissible decrease Sp, — 83.2/81 m; operating mode —
steady state.

Based on the available data, it is expedient to assess changes in the piezometric surface of trans-
boundary waters of the Lomonosov aquifer at the Russia — Estonia border.

The assessment will consist of determining the value of the radius of influence from the operation
of water intakes at the Russian Federation and the Republic of Estonia; calculations of lowering the
piezometric level within the radius of influence, determination of the amount of “withdrawn” ground-
water resources from the territories of neighboring states for the service life of 25 years.

To assess the nature of changes in the piezometric level of transboundary groundwaters of the
Lomonosov aquifer during operation, standard design schemes are used to assess reserves by the
hydrodynamic method, the main task of which is to determine the design decrease during the opera-
tion of water intake structures. The calculation of the predicted decrease in the level is carried out for
a period of t = 10* days. The value of the allowable decrease is taken from the experience of operating
the group water intakes of Ivangorod and Kingisepp. To solve this problem, the arithmetic mean of
the permissible decrease from the operation of water intakes will be used, which will be
Sp = 136 m. Due to the lack of information, the Estonian side adopted filtration parameters and the
permissible decrease by analogy with fields located in Russia.

For the selection of a typical design scheme, a schematization of the natural geological and hy-
drogeological conditions of the study area was carried out.

The Lomonosov aquifer is confined, overlapped by Lontovaskiy water-resistant sediments, com-
posed of silty clays, the filtration coefficient of which is 0.02 m/day. According to the assumptions
of Myatiev — Girinsky &, /k,_, =3/0.02=150>100, the Lontovaskiy sediments layer is an aqui-

clude, and the Lomonosovskiy sediments layer is assumed to be homogeneous permeable. The hy-
drogeological system is single-layer, the feeding is concentrated, the flow structure is radial, the di-
mension is one-dimensional, the type of water exchange is horizontal.

The aquifer recharge area is far beyond the study area. In the northern part of the Leningrad
region. and within the Estonian shale basin, the Gdov and Lomonosov aquifers are operated jointly,
which is why there is a hydraulic connection between them.

Since the Lomonosov aquifer is isolated by aquicludes, is unlimited in plan and is a pressure
head, the Theis scheme is used to calculate the depression [22, 23]. On the territory of work, water
intakes will be considered as compact groups of wells, therefore, it is advisable to calculate using the
“big well” method.

For an unbounded reservoir, a decrease in is determined on the outer contour of the “big well”

Ou R

S .= , 1
ext 271:km RO ( )

where Qi is the total water intake flow rate, m*/day; km — formation water permeability, m*/day; Ry is
the radius of the “big well”, for the areal system it is determined by the dependence Ro = 0.1P, where P
is the perimeter of the area where the wells are located, m; R; — reduced range radius of well
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a — reservoir conductivity, m?/day; ¢ is the estimated service life of the water intake — 10* days.
An additional reduction in the well is calculated using the formula:

Q | n
Sy=——In—, 3
* " 2mkm o, )
where Q. is the design flow rate of the estimated well in the worst operating conditions, m’/day; v —
well filter radius, m; 7; is the reduced radius of the conditional area of influence of the design well [12,
25], which is calculated for the areal system according to the dependence:

r =047 /5; (4)
T

Fy — area of the site bounded by the lines passing in the middle between adjacent wells, m?.

The calculation of the assessment of the impact of water intakes in the study area was carried out
using the “big well” method with an areal system of location of water intakes, the distance between
which is taken from their center (Table 1).

Table 1
Distance between observation points
The Russian Federation The Republic of Estonia
Settlements Distance Settlements Distance
Kingisepp — Slantsy 40900 Vaivara — Vazavere 15600
Kingisepp — Ivangorod 19000 Vazavere — Konsu 7200
Ivangorod — Slantsy 33800 Konsu — Agusalu 15300
Agusalu — Permiskiila 7200
Permiskula — Gorodenka 6400
Gorodenka — Vaivara 25900
Total 93700 Total 77600

Distances from the water intake sites to the Russia — Estonia border are presented in Table 2. For
the calculations, the distance from the center of the “big well” to the border was used, which from the
RF side is about 15000 m, and from the Estonian side — about 11110 m. Calculation of the change in
the piezometric surface from the operation of the water intakes for the service life of the water intakes
of 10* days (Table 3).

Table 2
General information about water intakes located on the territory of the Russian Federation and the Republic of Estonia
The Russian Federation The Republic of Estonia
Cities with operational | Number of | Total debit, Average distanf:e Cities with operational Number of | Total debit, Average distanf:e
. . to the border with . . to the border with
water intakes water intakes | m’/day Estoni water intakes water intakes | m’/day .
stonia, km Russia, km
Ivangorod 2 1931 3.74 Vaivara 2 17.4
Slantsy 5 270 17.7 Vazavere 3 20.8
Kingisepp 5 1140 19.6 Konsu 4 2023 18.5
Agusalu 1 7.67
Permiskiila 2 1.00
Gorodenka 3 1.30
Total 12 3341 15.00 Total 15 2923 11.11
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Table 3
Results of calculating changes in the piezometric level
The Russian Federation | The Republic of Estonia
Calculation of lowering on the outer contour of the “big well”
R =1.5J10°-10* =47434 m. R =1.5vJ10°-10* =47434 m.
Ro=0.1-93700 = 9370 m. Ro=0.1-77600 = 7760 m.
ot = 3341 In 47434 8.86-1.62=14.35m. S = 2923 In 47434 _ 7.76-1.81=14.04 m.
2-3.14-60 9370 2-3.14-60 7760
Calculation of an additional drawdown in a well with worse operating conditions
=047 [S82999671_ 473 04m, =047, [22285272565 _ 4519 5,
3.14 3.14
S, = 386 In 473204 _ 1.02-9.67=9.86 m. o = 194.9 In 40195 _ 0.51-9.50=4.84 m.
2-3.14-60 0.3 2-3.14-60 0.3
Calculation of the decrease from the interaction of water intakes on the territory of the Russian Federation
Total consumption of water intakes in the border area Total consumption of water intakes in the border area
Ot = 2923 m?/day. Ot = 3341 m*/day.
Distance from the centers of the group water intake — Distance from the centers of the group water intake —
24890 m, 24890 m,
41 2.25-10*-10° 292 2.25-10*-10°
ot = 33 In 510 20 =4.43-1.28=5.67 m. S = 923 In 510 20 =3.87-1.28=4.96 m.
4.3.14-60 24890 4.3.14-60 24890
The total decrease will be: The total decrease will be:
Stot= Sext + So=14.35 +9.86 + 5.67 =29.17 m. Stot= Sext + So=14.04 + 4.84 + 5.67 = 23.64 m.

The permissible decrease of 136 m does not exceed the calculated one for a service life of
10* days.

Based on monitoring data for 2020, the depression funnel in the city of Slantsy was 26.4 m
(14 %) of the permissible decrease, and in the territory of Ivangorod — 31.1 m (37 %) of the permis-
sible decrease. In the Kingisepp industrial area, the depression funnel was 20.7 m (25 %) of the per-
missible decrease”. The results obtained are comparable with the actual data, which indicates the
correctness of the calculation methodology.

To identify changes in the natural conditions of the Lomonosov aquifer from the operation of the
water intakes of the TZ Russia — Estonia, the dynamics of the change in the depression funnel was
monitored. According to the data obtained in the study of the Lomonosov aquifer, the radius of influ-
ence was determined, the value of which is R; = 47434 m and is the same for both Russia and Estonia.

Based on the magnitude of the radius of influence, it can be concluded that the influence from
the operation of water intakes at 37430 and 32434 m will go beyond the borders of the Republic of
Estonia and the Russian Federation, respectively. Further, the dynamics of the propagation of the
depression funnel at different time intervals on both sides of the TZ was determined (Table 4).

The assessment of the dynamics of the propagation of the depression funnel was considered by
calculating the radius of influence (2) for five points in time — 450, 500, 1000, 2000, 5000 days:

* Information bulletin on the state of the subsoil of the territory of the North-West Federal District of the Russian Federation in 2020.
St. Petersburg, 2021.
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R =1.5v10°-450 =10062 m;
R =1.5v10°-500 =10606 m;
R =1.5v10° -1000 =15000 m;
R =1.5v10°-2000 = 21213 m;

R =1.5v10°-5000 = 33541 m.

The calculation shows a systematic change in the depression funnel, which will reach the border
from the Republic of Estonia in 450 days, and from the Russian Federation in 1000 days (Fig.2).

Based on the obtained radii of influence, the calculation of the decrease was carried out according
to equations (1) and (3) (see Table 3, Fig.3).

Table 4
The calculated value of the decrease at different points in time
The Russian Federation The Republic of Estonia
Water Lowering on thCl;ttinlg f(; ffm Water Lowering on thCl;ttimlg 1?r ffm
Intake | Influence | the external | Additional tf\ everk Of Total Intake [Influence| the external | Additional tf\ everk Of Total
operating | radius | circuit of the | lowering, © ‘})‘Vg 0 decrease, | operating | radius | circuit of the | lowering, © ‘;‘Vg N decrease,
time, Rom | “bigwell”, | So,m neig ?““g So,m | time, | Rnm | “bigwell”, | So,m | "¢'& ?““g Stot, m
days Sext, m groups o water days Sext, m groups o water
? intakes, m ? intakes, m
450 10062 13.77 9.86 4.96 28.59 450 | 10062 12.02 4.84 4.96 21.82
500 | 10606 | 13.27 9.86 4.96 28.09 | 500 |10606| 11.55 4.84 4.96 21.35
1000 | 15000 | 10.20 9.86 4.96 25.02 | 1000 |15000| 8.91 4.84 4.96 18.71
2000 | 21213 |  7.12 9.86 4.96 21.94 | 2000 |21213| 6.20 4.84 4.96 16.00
5000 | 33541 | 3.07 9.86 4.96 17.89 | 5000 |33541| 2.71 4.84 4.96 12.51
a b
The Republic Transboundary zone =47 km Transboundary zone =47 km The Russian
of Estonia - ~} Federation

The Russian Federation Plie Republic of Estonia

Vaivara

and the Republic of Estonja

Border between the Russian
Border between the Russia

Fig.2. Dynamics of the spread of the depression funnel during the operation of water intakes on the territory of the Russian
Federation (@) and the Republic of Estonia (b)
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Taking mto account the calculated depressions Border between the Russian Federation and the Republic of Estonia

obtained, the amount of “withdrawn” gI‘OundwateI‘ re- The Republic of Estonia The Russian Federation
sources from the TZ of the Republic of Estoniaand |/ / / / / / / // /¥ / /7 /7 /I /

; } ) bL d o it b B L A
the Russian Federation was determined. The calcula- \*I 0=2370 m¥Yday |0 = 3341 m¥day
. . . . S§=17.89 m
tion was carried out according to the converted Theis S—25.02m
scheme:

§=33541m

27TS R=15000 m

InR/R,’ [ 1L

0=

where T is water permeability, m*/day; S — lowering
on the external circuit of the “big well”. The calcu- _
lation results are shown in Fig.2. CAL LTI, 7 F iy
The amount of groundwater resources “taken” from E— —

the territory of the Republic of Estonia (Russian Fed- Fig.3. Changes in the piezometric level duringthe
. . .\ . . operation of water intakes on the territory
eration/Republic of Estonia): radius of influence R: of the Russian Federation

— 15000/10606 m; lowering on the outer contour of
the “big well” Sexc — 10.2/8.91 m; the amount of attracted resources at different points of the radius of
influence — 2372/1998 m?/day; the percentage of “taken” water — 29/32.

Calculations showed that the depression funnel created by the operation of water intakes located
on the territory of Russia and Estonia, exploiting the (Lower Cambrian) Lomonosov aquifer, will be
R: = 47434 m during the operation of the water intakes 10* days.

The radius of influence from the operation of water intakes will reach the border after 1000 days
of operation from Russia and after 500 days from Estonia, and the decrease will not exceed 14.35 and
14.04 m, respectively.

Based on the calculation of the groundwater discharge at different points of the depression fun-
nel, it can be concluded that the distance from the center of the “big well” from the Russian side to
the border with Estonia is 15,000 m; with a decrease equal to 10.2 m within this radius, the amount
of resources exploited by water intakes is 2372.4 m*/day out of the required 3341 m*/day. This means
that the missing 968.6 m’/day are taken from the territory of Estonia, which is 29 % of the total
declared demand. The distance from the center of the “big well” on the Estonian side to the border
with Russia is 10606 m, with a decrease of 8.91 m within this radius, the amount of resources ex-
ploited by water intakes is 1998 m*/day out of the required 2923 m’/day. It follows from this that the
missing 925 m*/day are taken from the territory of Russia, which is 32 % of the total declared demand.

Thus, the Russian Federation takes 374 m’/day more water from the Republic of Estonia. This
value is conditional, since the calculations do not take into account the costs of the natural flow of
groundwater. But since there is no excess of the maximum permissible level, the situation can be
considered as neutral. More accurate calculations can be obtained using numerical modeling of sub-
soil use at TTA, which is based on a monitoring network and long-term observations of the ground-
water regime. It is necessary to carry out an annual reconciliation of data on subsoil use on the TZ in
order to control its mutual balance. The considered example of interaction between the two states is
to a certain extent exemplary, as it shows the connection between the services for monitoring ground-
water production in the two countries.

Conclusion. Such an approach to solving hydrogeological problems at the TTA can become an
example of cooperation between neighboring states in the development of relations in joint subsoil
use. Nevertheless, in 2020, independent analytical calculations were carried out on the water balance
and mutual influence of the largest water intakes of the Russian Federation and the Republic of Es-
tonia, but within the framework of the allocated TZ.
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From the calculations, it can be concluded that inevitably, on the territory of one of the states,
the volume of water resource extraction will always be higher. A quantitative assessment of the water
resources taken from the aquifer of a neighboring state can be performed by calculation using the
balance method. Quantitative indicators of the extracted resource cannot have a monetary equivalent
as a marketable product, therefore, mutual settlements between states that exploit the same aquifer
cannot be carried out in value terms. The factors for limiting the excessive production of groundwater
at the TTA should be the criteria for the position of the groundwater level, as well as their quality
within the framework of the interstate agreements reached, control over which is carried out within
the framework of the international groundwater monitoring system.

One of the main problems of joint subsoil use in the transboundary territory was the quantitative
assessment of the “attraction” of water resources during the exploitation of an aquifer from the terri-
tory of a neighboring state. The same problem is inextricably linked with the change in the quality of
the extracted resource over time. Such changes, most often an increase in salinity, are characteristic
of the southern regions, where the main aquifers have a limited recharge area. Nevertheless, the prob-
lem under consideration narrows the area of study, despite the fact that regional hydrogeology and
the genesis of the main aquifers should be taken into account in forecasting tasks, especially when
creating a numerical model of transboundary areas [4].

There are many border areas, mainly on the territory of the African continent, Central Asian
states and the Middle East, where geological exploration is not carried out, not to mention the moni-
toring system (for example, Botswana, Namibia) [8, 28, 29]. Therefore, when creating a limited re-
search area (TZ width), the task of the international concept on TTA can be solved not with such
global costs. The organization of TZ should be financed by state, the specific share of which in the
issue of subsoil use is the largest.

An unconditional factor in organizing TZ is the involvement of specialists from both border
states, and if there is a shortage of them, the involvement of environmental specialists, hydrogeolo-
gists, experts from states with similar work experience. Russia, and earlier the USSR, paid great at-
tention to the training of highly qualified specialists with work experience not only on the Eurasian
continent, but also around the world. This also applies to setting up geological exploration, organizing
monitoring, analytical and expert activities related to the most complex engineering problems. In
most border TZ, it is advisable to use data on existing water intakes, as well as the local network of
observation points. In the event that mining enterprises or hydraulic structures get into the TZ, the
account of the hydrogeological situation should be analyzed first.

The transboundary zone should have a certain limitation in the area of distribution, which is
determined by hydrogeological parameters and characteristics. It is to this area that the relevant rules
and regulations can be applied. According to preliminary calculations, the width of the TTA can range
from several kilometers to their first tens.

It has been established that most of the large aquifers and complexes located on the TZ of several
states are the main sources of water supply for the purposes of domestic water supply, which creates
the preconditions for the formation of mutual agreements, arrangements, conventions regulating ob-
ligations to limit production and maintain a control system.

Based on the example of research and analysis of water intake activities in the border areas of
the Russian Federation and the Republic of Estonia, a methodology for managing groundwater pro-
duction at the TTA has been developed, the dimensions, parameters and factors affecting the for-
mation of TZ have been determined.

According to the results of hydrogeological calculations, the width of the TZ for this example
was 47 km. This area requires a special environmentally balanced subsoil use regime. Such hydroge-
ological calculations can be carried out for any conditions and areas. Of particular importance is the
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presence of mining enterprises, hydraulic structures, as well as the extraction of shale oil in cross-
border areas.

The world groundwater resources are key to sustainable development. Making full use of
groundwater resources and effectively managing the perennial groundwater problems — overuse and
pollution — are very difficult challenges. Therefore, the exchange of information and experience on
the management of groundwater production around the world will be necessary and useful [18, 29].

In the future, it is planned to use foreign experience in this area, prepare materials for interaction
with UNESCO, exchange methods at the international level, amend the basic laws and by-laws reg-
ulating the extraction of groundwater from common aquifers. Russia can become the initiator of the
consolidation of these concepts and methods in international law. Many international conflicts can be
prevented if the problems of subsoil use are approached on the basis of a general agreement.
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