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Abstract: The intensive exploitation of water resources negatively affects the ecological situation
in many international water objects. The problem of a shortage of drinking water is aggravating,
water bodies are subject to pollution by domestic and industrial wastewater, and the water quality in
the basins of international water courses continues to deteriorate. This situation primarily requires
legal regulation. Until recently, despite a significant number of existing international treaties on
the use of transboundary waters, there was no universal international legal act to systematize the
basic principles and norms of behavior of the states in this area. The most important direction for
improving public administration in the field of use and protection of transboundary groundwater
bodies is the development and expansion of international cooperation and the legal consolidation
of the rights and obligations of states through the adoption of legislative acts on various levels.
Modern international policy in the field of transboundary groundwater resources management
is undergoing significant changes. The very concept of a transboundary territory in relation to
groundwater extraction was adopted both in Russia and in Europe in the early 2000s. However, the
main criteria for the definition of a transboundary territory have not yet been formulated anywhere.
This gives rise to the need to define a transboundary aquifer in international legislation, as well as
to limit the size of this aquifer. This paper is devoted to the analysis of approaches to the definition
of “transboundary aquifer”, emerging problems in this area, the legal framework, and conflicts in
the field of transboundary regulation of groundwater. The zone of responsibility in groundwater
extraction at the transboundary territory of neighboring states is defined.

Keywords: groundwater; aquifer; transboundary territory; UN; conventions; groundwater resource
management; legal regulation; reserves

1. Introduction

Water is a quintessential element for the survival of mankind [1]. Groundwater
occupies a special place among all types of natural resources. On the one hand, it is
contained in the depths and has the main features of minerals; on the other hand, it is part
of the total water resources of the planet. At the same time, groundwater has a number
of features that distinguish it from other types of minerals, and which determine the
fundamental differences in the formation of its operational reserves as a process that occurs
not only during geological time, but directly during the development of deposits [2].

According to the first preamble of the Report of the UN International Law Commission,
the international community “recognizes the importance of groundwater as a resource
essential for the life of mankind. Due to rapid population growth and accelerated economic
development, groundwater resources are overexploited and polluted. There is an urgent
need to implement proper groundwater resource management [3]”.

Speaking on the occasion of the World Water Day, on March 22, 2012, UN Secretary
General Ban Ki-moon made a special appeal to all governments and all social forces of the
planet to officially recognize the existence of a water crisis and do everything possible to
stop this alarming trend. And this also applied to groundwater [4].
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The administration system plays a key role in the development of the groundwater
management complex. Today there is no unified water management system, which, due to
its versatility and scale, “does not fit into the sphere of interests” of any of the existing min-
istries in Russia. According to the “Water Strategy of the Russian Federation for the Period
up to 2020”, the issues regarding the regulation of the use of water resources are under the
jurisdiction of 14 federal executive bodies, which include more than 30 controlling bodies.
As a result, the industry, which was advanced, by world standards, at the turn of the 1970s
and 1980s, is not developing at the required pace [5].

The problems of domestic water industry can be conditionally divided into normative-
legal, managerial, technical, financial, personnel-related, and environmental, and all of
them are interconnected.

The effectiveness of the use and protection of water bodies depends not only on
the state of water legislation, but also on the degree of perfection of the legislation on
environmental protection, on the technical regulation in the fields of water supply and
sewerage, and on the criminal and administrative liability for offenses that have a negative
impact on water bodies [5], including groundwater.

To visualize the involvement of groundwater regulation issues in the legal field, it is
advisable to use data from the Sustainable Development Goals, namely goal № 6—clean
water and sanitation).

Many aquifers and complexes existing in the world are transboundary, that is, they
lie on the territory of two or more administrative units within a country or two or more
countries [6]. The object of this study is the system of state management of groundwater
resources in transboundary territories. The article touches upon the problem of subsoil use
during the exploitation of groundwater deposits located on the territory of neighboring
states. The main goal of the paper is to improve the legal framework in the field of state
regulation of groundwater extraction from transboundary territories by amending the
laws governing the procedure for groundwater extraction for various purposes from trans-
boundary aquifers and complexes. The target effect is to consolidate, at the international
level, the concept of “transboundary aquifer”, as well as a methodology for substantiating
the width of the transboundary territory, taking into account specific geological conditions.

2. Materials and Methods

In the course of the study, a complex method, including the analysis and synthesis of
data presented in publications of Russian and foreign authors, scientific publications of
leading experts in the field of economics, hydrogeology, and ecology, reports of government
hearings, reference publications of specialized institutes and agencies in the field of study,
as well as an advisory method with leading foreign experts, was used. Moreover, dogmatic
and comparative legal methods consisting of analyzing the applicable legal regulations on
the use and protection of groundwater were also used.

In the beginning of the analysis it is important to mention its limitations. Famous
documents such as the International Environmental Law (Dupuy & Vinuales, 2016, Cam-
bridge University Press), the Practitioner’s Guide to International Law, the International
Law Committee (2014, NSW Young Lawyers), etc., were not taken into account, because of
the chosen object of this research—transboundary groundwater resources. As a rule, this
legislation focuses mainly on surface water sources.

The authors propose to analyze the evolution of the approaches to the definition
of transboundary groundwater in international agreements, conventions, and directives.
Particular attention is paid to the formation of a transboundary zone and groundwater
resources management issues.

The text of the 1992 Helsinki Convention defines “transboundary waters”, but without
differentiating between surface and groundwater sources. According to this document,
transboundary water “means any surface or groundwater that crosses borders between
two or more states, or is located on such borders” [7].
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The UNECE Water Convention [8] and its obligations fully apply to transboundary
groundwater. The Russian Federation shares transboundary waters with both parties to
the Water Convention (of which the post-Soviet countries: Azerbaijan, Belarus, Kazakhstan,
Latvia, Lithuania, Ukraine, Estonia). Along with Belarus and Tajikistan, the Russian
Federation is a party to the Agreement on the basic principles of interaction in the field
of rational use and protection of transboundary water bodies of the member states of the
Commonwealth of Independent States (1998).

In the UN Convention “On the Law of the Non-navigational Uses of International
Watercourses”, which only entered into force in 2014, the subject of the regulated relations
are “international watercourses”, which are understood as a system of surface and ground
waters that physically constitute a single whole, parts of which are in different states (New
York, 1997 [9]). For a separate aquifer to fall within the scope of this Convention, it must
be part of the “surface and groundwater system”. From the point of view of regional
hydrogeology, this approach is very incorrect, since large aquifers, complexes, and aquifer
systems can be considered as belonging to different basin zonings, since their length can
range from several tens to several hundred kilometers. Such large aquifers, as a rule, do
not have a zone of active water exchange with surface watercourses throughout the entire
area of occurrence, but have their own area of recharge and discharge.

In 2004, according to the Berlin Rules, within the Water Framework Directive of the
European Union No. 2000/60/EC of 23 October, 2000 [10], definitions of aquifers appeared
almost for the first time in relation to geological rocks, which are the reservoir—including
the movement of groundwater, and not only to regional basins of open water bodies and
watercourses [11].

It is important to note that there is no definition of transboundary groundwater in the
current Russian legislation, namely in the Water Code of the Russian Federation, approved
in 2006 [12], and its latest revisions. However, article 8 of the Decree of the Government of
the Russian Federation of 23 May, 2001, N 405 “On signing an Agreement on cross-border
cooperation in the study, development and protection of subsoil” states that “the study and
development of transboundary hydrocarbon deposits and groundwater, the development
of which is order will entail a change in the quantity or quality of the reserves of the part
of the field belonging to the neighboring parties, should be carried out on the basis of
agreements concluded between these neighboring states” [13]. It can be assumed that all
existing agreements are of a framework nature and, in practical terms, will not be fully
implemented. Despite the cooperation stipulated in the agreement “in the spirit of equality
and partnership”, each side strives to act primarily in its own interests.

At the same time, in the comments on the report of the UN International Law Commis-
sion’s Sixtieth Session [3], this issue was considered, and most experts concluded that the
management of transboundary aquifers should be considered independently of any work
of the commission on issues related to oil and natural gas. That is, the management model
of the legal regulation for the extraction of groundwater and hydrocarbon raw materials
has a lot of differences.

In accordance with article 6 of the Report of the UN International Law Commission’s
Sixtieth Session [3], “aquifer states, when using transboundary aquifers or aquifer systems
on their territory, shall take all appropriate measures to prevent significant damage other
states of the aquifer or other states on whose territory the discharge zone is located”. Article
7 (of the same document) notes a “cooperation based on sovereign equality, territorial
integrity, sustainable development, mutual benefit, and good faith in order to achieve
equitable and reasonable use and adequate protection of their transboundary aquifers or
aquifer systems”.

The following articles of this report concretize the main functions, the agreements
of interstate agreements on the interaction of countries on the schematization of aquifers,
and their systems in relation to the fields of feeding, unloading (article 11), monitoring
results (article 13), development of joint management plans (article 14), unification in
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relation to the main special geological terms and parameters, and characteristics of the
physicochemical properties of groundwater.

Paragraph 4 of the commentary to article 16 states that “the components of cooperation
provided for in this draft article also appear in a number of conventions and treaties. For
example [14] emphasizes the importance of “education and training of the professional
and technical personnel needed to manage water resources, operate water systems and
implement sanitation systems” and “retraining and improving their knowledge and skills”.

Thus, it should be noted that the terminology used in the existing international legal
instruments on transboundary groundwater is not uniform. Attempts to unify international
concepts in relation to transboundary groundwater–the UN, New York and Geneva [15]
were only made, for the first time, in 2014.

The same document employs the term “groundwater”, while the Implementation
Guide to the Convention also uses the term “aquifer”, since “the Convention refers to both
confined and unconfined aquifers to groundwater”. In some other legal documents, the
meaning of the term “aquifer” is derived from the meaning of the term “groundwater”.

It is important to note that aquifers have a set of specific properties, such as filtration
parameters, chemical composition, temperature, direction of the groundwater movement
from the recharge area to the discharge area, filtration interaction of aquifers with each
other, as well as a set of capacitive and other hydrodynamic characteristics. Geographi-
cally, aquifers or their systems cross different state boundaries, in one way or another, as
noted earlier.

3. Results

Currently, water resources management based on the basin principle is widely used
in countries with a strong centralized and decentralized power and federal structure.
These states include France, Great Britain, Germany, Spain, the United States, and Austria
(the Murray–Darling basin system, created in 1987). The practice of water resources
management using the basin principle goes back several decades. Among the leaders in this
area are the Netherlands and Germany, where it was implemented long ago and achieved
significant results. It is believed that, at the state level, this principle was first implemented
in Spain, where Hydrographic Confederations were formed in 1926 in 10 main basins. Over
the past decade, many countries have undergone a reorganization of their water resources
management systems with the aim of introducing the basin principle and increasing its
efficiency. These countries also include the Republic of Kazakhstan and the Republic of
Belarus [16].

State regulation in the field of water law in the Russian Federation is carried out taking
into account political norms and principles of international water legislation. Currently,
the Russian Federation has nine bilateral intergovernmental agreements with neighboring
states on the joint use and protection of transboundary facilities and one trilateral agreement
with the Republic of Abkhazia (2011), with the Republic of Azerbaijan (2010), with the
Republic of Belarus (2002), with The Republic of Kazakhstan (2010), with the People’s
Republic of China (2008), with Mongolia (1995), with Ukraine (1992), with the Republic of
Finland (1964), with the Republic of Estonia (1997), with Finland, and with the Kingdom of
Norway (1959) [17].

At present, the most advanced model of basin regulation is the French one. This
option is the result of the adaptation of water management structures to the centralization
policy that was implemented in the early 1960s and of changes in the needs of the water
sector in general.

In water resources management, the basin principle is used not only within the bor-
ders of one state, but also on an international basis. It was reflected in the 1992 Convention
on the Protection and Use of Transboundary Watercourses and International Lakes, which
stipulates that the riparian parties establish the boundaries of the water intake or its part(s),
in respect to which they cooperate, and establish joint bodies for their development. A
clear definition of the spatial boundaries of their action is of key importance in basin
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management. This requirement appears as a priority in the above-mentioned Convention
on the Protection and Use of Transboundary Watercourses and International Lakes. It is
also stipulated in the EU documents related to water resources management. Its implemen-
tation is important both for interstate agreements and for agreements concluded between
administrative-territorial units within the state. The determination of the basin bound-
aries, based on hydrographic factors, can also take into account administrative-territorial
divisions, economic interests, etc.

For the countries of the post-Soviet space, taking into account the state-territorial
changes and the administrative and legal reforms that have taken place here, the creation of
an effective water management system should have regard to international legal experience
and advanced mechanisms of foreign national legislation on water resources. In 1992,
Russia joined the Convention on the Protection and Use of Transboundary Watercourses
and International Lakes, signed in the same year by the EU countries in Helsinki [7], and
thus confirmed its orientation toward the established international practice in this area.

Nevertheless, according to the leading scientist-hydrogeologist Yazvin [2], the basin
approach is largely artificial, and some of its features clearly follow the Water Framework
Directive of the European Union [10]. This directive considers groundwater bodies as a
part of river basins. At the same time, ground waters of deep aquifers are not distinguished
as water bodies if they cannot adversely affect terrestrial ecosystems and are not suitable
for drinking purposes in terms of their natural composition, as well as due to the technical
or economic inexpediency of extraction.

Obviously, it is impossible to borrow directly from the European, due to the differences
in the legislative framework—in particular, due to the presence in the Russian Federation of
the Law “On Subsoil” [18], which regulates the issues of geological study and production
of all types of groundwater in detail. Let us add, following E.N. Mukhina [19], that if,
in the norms of international law, groundwater is considered, first of all, as an integral
component of the natural environment, then in domestic law the legislator focuses on the
natural resource approach (exploitation of groundwater).

Modern leading scientists in Russia, such as Borevsky B.V., Yazvin [20], or Abramov
V.Yu., believe that groundwater should be considered exclusively as a mineral resource,
and not as a free renewable resource, a definition that modern society is unfortunately
used to. All the groundwater that can be used in various sectors of the economy should be
considered, of course, as a mineral resource. Among the arguments in favor of this point of
view, we highlight the following:

1. Groundwater is located below the surface of the earth, that is, in the earth’s bowels.
For this reason, its chemical composition is the result of interactions in the water–rock
system and differs sharply from the composition of surface waters.

2. Groundwater, like other minerals, in the quantity and quality required for industrial
development, is not widespread. The search, study, and assessment of reserves
(determination of the possibility of production) is carried out by geological methods,
by specialists with a geological education, based on the analysis of the hydrogeological
conditions.

3. The access to the subsoil involves the use of mining and geological equipment and
special technologies.

4. The use of the criterion of renewability for the separation of groundwater and mineral
resources and for separation of groundwater into related and non-mineral resources
is unauthorized [2].

Most analysts approach groundwater resources management only from the point
of view of environmental safety, that is, in terms of pollution and depletion. This one-
sided approach narrows the spectrum of the problem in the field of subsoil use, since most
modern research is reduced to local problems associated with technogenic factors, especially
on surface water systems and aquifers located in the zone of active water exchange. The
issues regarding the migration of objects that are hazardous and not always technogenic
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in regional aquifers are currently not being studied actively enough, although this is a
predictive assessment of the resource potential for future generations of subsoil users.

At the same time, Model Provisions for Transboundary Groundwater [15] specify
a new approach to the description of transboundary aquifers. A new factor here is the
lack of direct interaction of groundwater for some aquifers with surface watercourses
and water bodies within the described territory. That is, recharge and discharge areas
can be located at a distance of tens to hundreds of kilometers from each other and be
located on the territories of different states. In this regard, the question arises about the
incorrectness of considering absolutely all aquifers by basin territorial division to solve the
transboundary problem.

Undoubtedly, shallow aquifers falling into the zone of active water exchange with
surface waters should be considered in the same concept with surface watercourses. But
such aquifers, as a rule, have a rather limited planned distribution and are often tied
to river valleys (alluvium). An example would be the Selenga river, flowing from the
Mongolian Republic to Russia, in the valley of which the main water intake facilities are
located. However, deep-lying aquifers have their own unique chemical composition and
groundwater flow direction, which does not always coincide with the geographical location
of river valleys and lake systems.

Paragraph 10 of the requirements mentions that “special agreements on groundwater
could exist in the form of additional protocols to existing agreements on water concluded
in accordance with Article 9 of the Water Convention, which do not mention groundwa-
ter” [15]. The authors of the text argue that aquifers should not be automatically tied, in
water legislation, to a specific international river or lake basin. This leads to the impor-
tant conclusion that any aquifers crossing a particular boundary should be considered
transboundary, even if they are not currently being exploited.

To date, no principles have been formulated that ensure a “fair and reasonable”
distribution of groundwater resources between neighboring states. In this regard, each
country has its own criteria for assessing the resource potential of groundwater, as well as
the prospects for development of subsoil use. In fact, hydrogeologists all over the world
have long established the principles of maximum allowable drawdowns of groundwater
reserves by the method of the maximum allowable lowering of the dynamic level at existing
water intakes according to a coordinated monitoring system, taking into account the time
tracking and the effect of one water intake on the other.

Each aquifer that is transboundary, as well as a system of aquifers, should be consid-
ered separately in international law. This means that each aquifer crossing the border must
have a hydrogeological description, including the recharge and discharge areas, parame-
ters of interaction with neighboring aquifers, hydrodynamic characteristics, parameters of
resource potential, chemical and microbiological composition, including its variability, and
also a parameter characterizing the direction and quantitative assessment of the natural
flow, because each aquifer is primarily determined by the geological structure, its structure,
strike, tectonic factors, and mineral composition.

In regional hydrogeology, this approach to geological structures and the description
of aquifers is fundamental. However, in order to solve certain transboundary problems, it
is necessary to identify the zone of responsibility of one or another state, since the length
and depth of the study of the aquifer can be very extensive.

For example, Figure 1 shows a schematic geological section.
The crystalline rocks of the basement are shown in red in Figure 1, while the rest

corresponds to the rocks of the sedimentary cover, in which the main aquifers are located.
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4. Discussion

The main principle laid down in international law is to provide the population of any
state with drinking water of a stable hydrochemical level, and not only for the present, but
also for future generations. This is directly in line with the goals of sustainable development.
In this regard, hydrogeological calculations are based on solving not only epigenous, but
also predictive problems, including using numerical modeling, which in turn is based
on a monitoring system responsible for high-quality initial information, as well as on a
complex of hydrogeological studies as at the exploratory stage and in the exploration of
groundwater deposits.

Model Provisions for Transboundary Groundwater [15] sharply raise the question
of establishing the boundaries and general parameters of transboundary aquifers. In this
regard, when developing a joint interstate groundwater monitoring program, questions
arise on the unification of standards and methods for conducting monitoring studies and
criteria for assessing the aquifer parameters, creating and updating geological and hydro-
geological regional maps, which can form the foundation of a mathematical model and
methods of transboundary resource regulation. Appendix II to the EU Water Framework
Directive [10] provides specific guidance on the parameters to be taken into account in the
process of characterizing groundwater bodies (page 8), but in a very abbreviated form.

In accordance with Regulation 4 of [15], states cooperate in the integrated management
of their transboundary ground and surface waters. There are many examples of such
cooperation. A positive example is the regulation of the Franco-Swiss Geneva Aquifer (1978
Convention), the 1994 Israel-Jordan Peace Treaty, the 1973 American-Mexican International
Commission on Frontiers and Waters, whereby the parties clearly agreed to limit the
abstraction of groundwater to a specific geographic region.

More detailed information on conflicts in the field of transboundary regulation of
groundwater extraction is presented in Table 1.

Conflicts in the use of groundwater, despite not being frequently mentioned in the
literature, exist, and their number may increase in the future due to a number of factors,
such as an increase in demand for groundwater use, insufficient monitoring, inefficiency of
structures and institutions for water resources management—in particular, weak policies,
laws and regulations—and insufficient administrative capacity at the local level. Other fac-
tors include fragmented planning and management, lack of integrated approaches, climate
change, conflicting industry policies, rapid population growth and economic development.
Several authors, such as [22], argue that the causes of conflicts in groundwater use vary
depending on circumstances such as dry wells, water pollution, and reduced base flow.
This suggests that there is a need for well-functioning and strengthened structural and
institutional mechanisms at the local, national, and international levels to resolve conflicts
related to groundwater.
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Table 1. International conflicts in the field of transboundary regulation of groundwater extraction.

Geography The Essence of the Problem Solution

Argentina, Brazil, Paraguay, and
Uruguay; Guarani aquifer

Pollution and overexploitation of resources, in the
context of increasing water demand in the region

Institutional cooperation between countries: a
Strategic Action Plan for 2003–2009 was developed.

As part of the agreement signed in 2010, it is
planned that a regional committee for the Guarani
Aquifer System will be established within the La

Plata International Coordinating Committee, under
the auspices of the 1969 La Plata Basin Treaty.

Germany, Netherlands,
Garzweiler district Impact of mining on groundwater levels

Country cooperation: experts from the
Netherlands participated in the preparation of the
environmental impact assessment reports, while
the public was informed about the results of the

respective monitoring programs.

France, Switzerland, Geneva aquifer Excessive production and, as a result, the depletion
of the aquifer

Construction of an artificial replenishment station;
Signing of the agreement between the Canton of

Geneva and the Prefecture of Haute-Savoie in 1978,
its extension in 2007–2008. Creation of a

Franco-Swiss working group to develop a baseline
document covering the Geneva Aquifer for the

next 30 years.

USA, Mexico Lack of regulated water intake limits

1973 American-Mexican International Commission
on Frontiers and Waters, whereby the Parties
agreed to limit groundwater abstractions in a

well-defined geographic region along the
Arizona-Sonora border to specially set abstraction

targets. To avoid future problems, the United
States and Mexico will consult with each other

before taking any measures to develop surface or
groundwater resources or introduce any significant
changes to the existing situation in the border area

that could negatively impact another country.

Kazakhstan, Uzbekistan,
Pritashkent aquifer

A decrease in the level of groundwater due to
intensive exploitation, which leads to the problem

of the depletion of its reserves, as well as a
potential problem of deterioration of the quality of

groundwater.

There is no solution to this problem yet, it is
included in the GGRETA program [21]. The aim of

the GGRETA project (“Management of
groundwater resources in transboundary

aquifers”) is to build on relevant experience
through three pilot studies of transboundary

aquifer systems

Guatemala, Honduras, El Salvador,
Esquipulas-Ocotekue-Kitala

(Trifinio) aquifer
Aquifer pollution

Namibia, Botswana, South Africa,
Kalahari Karu (Stampriet) aquifer

There is no serious pressure on groundwater
reserves, which may be due to insufficient
monitoring, but the extremely low level of

groundwater abstraction undoubtedly also plays
an important role. If for some reason (population

growth, economic development, etc.) there is a
significant increase in water demand in a given
region, groundwater resources will very quickly

cease to meet the needs.

Israel, Palestine, mountainous and
coastal aquifers

Water apartheid, i.e., Israeli control of
transboundary aquifers

The lack of a solution to this problem
at the moment

The concept of conflict is very clearly defined in the literature as a disagreement
or misunderstanding within, between, or between individuals, groups, and governance
structures that escalate into violent actions, including physical struggle [23]. A misunder-
standing becomes a conflict when it has a serious impact on the parties involved due to
poorly managed changes in policy, the legal or institutional context, and political, economic,
and social changes. Using this approach, such conflicts become groundwater use conflicts if
they arise between groundwater users, or between the management structures responsible
for groundwater management. Resolving groundwater conflicts requires an adequate
technical understanding of the parties involved, the causes and governance structures, and
the institutions that are critical to resolving them.



Resources 2021, 10, 107 9 of 15

Judging by the events of 2012 on the borders of Syria with Turkey and Lebanon,
the link between civil conflict and lack of groundwater is a close one. Moreover, these
conflicts can affect several states. Local conflicts are invariably driven by governance (or a
lack thereof), poverty, and instability, often with the leverage of opportunistic insurgent
organizations, and water scarcity is often a key factor in such instability.

The management of all groundwater is necessary to achieve the goal of sustainable
supply. To achieve this, and indeed to make any properly informed groundwater manage-
ment decision, resources must be monitored regularly [24]. The collected data can then be
used to construct and validate groundwater runoff models, allowing different “what-if”
scenarios to be formulated, and to provide policymakers with important insights into the
likely productivity of their local aquifer. However, in many poorer countries, monitoring is
often inadequate or even lacking, making it impossible to conduct validated simulations.
It is these countries that are most at risk of misuse of groundwater sources and where the
likelihood of stopping groundwater inflows is greatest.

In accordance with Regulation 5 of the Model Provisions for Transboundary Ground-
water [15], “the parties shall take appropriate measures to prevent, control and reduce
pollution of transboundary groundwater, especially those intended for drinking water
supply”. In this regard, they follow the precautionary principle in view of the vulnerability
of groundwater to pollution, especially in cases of possible uncertainty about the nature
and extent of transboundary groundwater. For this, it is proposed:

• to pay attention not only to the aquifer recharge area to prevent possible sources of
pollution, but also throughout virtually the entire aquifer up to the discharge area;

• to harmonize, at the international level, the standards for the quality of drinking
groundwater in connection with the difference in the approach to the concentration
of microcomponents contained in groundwater in different states. This is especially
typical for areas with an acute shortage of groundwater resources and regions with
a high instability in the chemical composition of groundwater associated with the
geological structure of aquifers—for example, tectonically active zones.

• to minimize the threat of the depletion of groundwater resources when mining enter-
prises conduct drainage activities (mine and quarry drainage);

• to refrain from using risky technologies (for example, shale oil extraction, disposal of
hazardous toxic waste in the structure of an underground reservoir) in those regions
where the existence of transboundary aquifers has been proven.

Within the framework of the international management system for transboundary
groundwater resources, it is necessary, first of all, to create a unified information field on
the state and use of transboundary groundwater. Countries should develop and implement
joint or agreed plans for the proper management of their transboundary groundwater. One
of the areas of such a plan is the prescription of withdrawal limits, inter alia, in the form of
quantifying the total annual withdrawal and criteria for the placement of new wells and
the development of other water withdrawals.

The principle of integrated management used for the basin approach can only be
applied to aquifers that have a zone of active water exchange with surface water bodies
and watercourses. As a rule, such horizons include waters of alluvial river sediments,
groundwater, shallow unconfined aquifers, underground waters of karst structures, as well
as local aquifers with small geometrical dimensions and thickness [25–27].

In the Model Provisions for Transboundary Groundwater [15] “to implement the
goals and principles of these Model Provisions and coordinate their cooperation in the
management of transboundary aquifers, the states may establish a joint body”, performing
the functions of coordinating actions to prevent conflict situations in the field of border
subsoil use.

Transboundary regulation of groundwater extraction and use implies the following
basic provisions:
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1. A perfect and unified structure of the state regulation in the field of subsoil use in the
territories of border states, including:

• a licensing system for geological exploration and groundwater extraction,
• monitoring based on the systematic observation of the development of ground-

water deposits,
• a program of exploration work in order to study the structure, hydrogeological

parameters, and variability of the chemical composition of groundwater,
• assessment and reassessment of groundwater reserves to a higher category,

which increases the degree of reliability of the initial information,
• a developed scientific and design base that allows for analytical research, build-

ing predictive models, and designing and optimizing promising water intakes.

2. The size of the transboundary zone should have certain parameters, since without
solving this problem it is impossible to determine the zone of responsibility of the
states in the joint development of aquifers or complexes.

As mentioned earlier, most experts, not only in Russia but also abroad, consider
transboundary aquifers in the context of global geological structures [28–34].

Often, such geological structures have an area commensurate with the area of an
average European state, and the approach to their problems includes research on areas of
recharge, discharge, direction of groundwater flow, interaction with neighboring horizons,
surface water bodies and watercourses, as well as boundary conditions of various kinds.
This global approach typically ranks major aquifers by basin location. From the point of
view of global regional hydrogeology, this is absolutely true; however, it is completely
unrealistic for solving the problems of managing transboundary aquifers, because the
problem of legislative and managerial tasks has a very limited scale. That is, it proposes to
consider the transboundary territory from the standpoint of areas of responsibility.

The transboundary territory should have a certain limitation on the area of distribu-
tion, which is determined by hydrogeological parameters and characteristics. It is to this
territory that the relevant rules and regulations can be applied. According to preliminary
calculations, the width of the transboundary aquifer can range from a few kilometers to a
few dozens of kilometers.

Previously, the authors developed a methodology for managing groundwater pro-
duction in the territory of the transboundary zone, determined the sizes, parameters,
and factors affecting its formation (using the example of the research and analysis of wa-
ter intake activities in the border territories of the Russian Federation and the Republic
of Estonia). According to the results of hydrogeological calculations, the width of the
transboundary territory for this example was 47 km [6]. This area requires a special en-
vironmentally balanced subsoil use regime. From the calculations, it can be concluded
that, inevitably, in the territory of one of the states, the volume of water resource extrac-
tion will always be higher than in the territory of a neighboring country. A quantitative
assessment of the water resources taken from the aquifer of a neighboring state can be
performed by calculation using the balance method. To date, the quantitative indicators
of the extracted resources cannot have a monetary equivalent as a commercial product;
therefore, mutual settlements between states exploiting the same aquifer cannot be carried
out in value terms. The factors limiting the excessive extraction of groundwater from
transboundary aquifers should be the criteria for the position of the groundwater level, as
well as for their quality within the framework of the interstate agreements reached, which
are monitored within the framework of the international groundwater monitoring system.
Such hydrogeological calculations can be carried out for any other conditions and areas.
Of particular importance is the presence of mining enterprises and hydraulic structures,
as well as the extraction of shale oil in cross-border areas. In future studies, we plan to
expand the geography of the aquifers selected for analysis, lying on the border territory of
Russia and its neighboring countries.
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Such an approach, according to the authors’ concept, can form the basis for the
development of international rules and laws for the management of the resource potential
of groundwater in transboundary territories.

At present, unfortunately, the Ministry of Natural Resources and Ecology of Russia
plays the role of a purely controlling agency, and only within certain limits. The adoption of
the modern version of the Law of the Russian Federation “On Subsoil” made it possible to
abandon the assessment of reserves for low-flow water intakes (up to 100 m3/day), which
led, in turn, to an uncontrolled process of groundwater extraction over vast territories.
Many single collective water intakes (for example, in dacha settlements) receive licenses
for just such volumes of production. In this context, the concept of assessing reserves loses
all meaning; such objects simply do not fall into the annual monitoring reports. This is
where the problem of groundwater resources management arises, and, consequently, the
construction of forecast calculations will lead to serious errors. Technically, the procedure
for assessing reserves requires certain qualifications and knowledge, but in the old days,
any hydrogeologist could cope with this task.

After the commissioning of a water intake facility, state committees practically do
not control its activities, except for sanitary standards. This was the essential task of the
Ministry of Geology in the USSR. The specific features of adjacent subsoil use within the
transboundary zone are a complete absolute control and the planning of all water intake
facilities from the transboundary zone to the territory of responsibility of a neighboring
state. It is also necessary to have a special cross-sectional monitoring regime, implying
a two-way system of observation points (wells), the location of which is determined by
the parameters of the aquifer or complex, as well as the degree of loading during the
exploitation of the aquifer or the presence of mining enterprises, whose activities include
mining drainage. Such objects in the transboundary zone usually have an additional
pressure on the groundwater aquifer system, both in terms of the depletion of reserves and
the potential change in the chemical composition of groundwater.

In the modern methodology for licensing water intakes, when assessing reserves in
the border area, the impact of water intake activities on underground water intake facilities
on both sides of the state border is not taken into account at all. It is advisable to use the
hydrodynamic calculation scheme as a type II boundary, that is,

Q = 0

where Q is the amount of water inflow at the border of two media (m3/day).
Schematization is possible on the division of two state territories for calculating water

inflows to underground water intakes, and, accordingly, maximum level decreases for the
calculation period. This approach can be applied at the present stage before the adoption
of international methods for the management of transboundary waters.

The hydrodynamic diagram in Figure 2 characterizes one of the possible approaches
for calculating the water inflow to a water intake structure located in the transboundary
zone of influence of a neighboring state. The calculation models conditionally characterize
the quantitative water influx from the territory of a neighboring state, equal to zero,
that is, the advisability of using such a scheme is due to the lack of information on the
hydrodynamic characteristics of the exploited aquifer in the adjacent territory.
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5. Conclusions

Within the framework of the article, specific tasks for the study and use of trans-
boundary aquifers were identified. The authors propose to calculate the so-called zone of
responsibility (transboundary territory) during the operation of groundwater intakes on
the basis of the basic hydrodynamic parameters of the main aquifers, but subject to their
detailed study, even if the aquifers are not currently used for groundwater extraction. To
deal with the international system for transboundary groundwater resources management,
it is necessary, first of all, to create a unified information field on the state and use of
transboundary groundwater.

At present, the following specific tasks concerning the study and use of transboundary
aquifers can be identified:

• the quantitative assessment of natural and operational resources of boundary and
transboundary aquifers;

• the determination of the chemical, biological, and radionuclide composition of ground-
water and the permissible level of their changes;

• the assessment of the vulnerability of the fresh groundwater of transboundary aquifers
to technogenic pollution from the earth’s surface;

• the scientific and methodological substantiation of interstate agreements on the per-
missible limits for the use of groundwater in transboundary aquifers, including, first
of all, geoecological aspects, permissible levels of groundwater withdrawal, the risk
of pollution, and the depletion of aquifers;

• the development of joint interstate monitoring of the use and protection of groundwa-
ter in transboundary aquifers.

According to I.S. Zektser [35], when determining the prospects for the use of ground-
water and the management of water intake facilities, factors of limitation of the operation
arise in connection with various criteria. These include the limitation associated with
geological and hydrodynamic operating conditions: the amount of groundwater recharge,
the maximum permissible decrease in the dynamic level, as well as the danger of pulling
up groundwater from adjacent aquifers. All these criteria are associated, as a rule, with the
complex structure of aquifers and their systems, the study of which must be carried out in
the transboundary territory.

Zektser I.S. [34] notes that the issues of groundwater resources management in border
areas—in hydrogeological, socio-legal, and in economic aspects—are practically not worked
out. Among the main tasks are:

1. the determination of permissible limits for the withdrawal of groundwater from a
transboundary aquifer;

2. the regional assessment of the natural groundwater resources of the exploited aquifer;
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3. the assessment of the likelihood of pollution of the transboundary aquifer during
their joint exploitation.

The main task of groundwater resources management in the transboundary territory
is the allocation of the zone of responsibility of neighboring states, within which a special
regime of subsoil use is implied. The authors propose to calculate the so-called zone of
responsibility (transboundary territory) during the operation of underground water intakes
on the basis of the hydrodynamic parameters of the main aquifers. In international practice,
several models for managing transboundary mineral deposits are used. The main types
of interaction are based on interstate bilateral treaties that define very general principles
and management tasks [36,37]. As a rule, this concerns issues of pollution, ecology, surface
watercourses, and water bodies. At the same time, these agreements are ineffective for
solving specific problems.

In the world practice of joint exploitation of oil and gas fields, a model of unitization
has been developed and successfully applied in transboundary fields [38–40]. The main
types of management tasks are based on the functions of state control from neighboring
countries, but the unit models themselves have a number of differences. Nevertheless, there
is a common aspect—the definition of the boundaries of the exploited field, and hence the
boundaries of responsibility and interests. Each mining company within a unitization zone
is subject to a unitization agreement. This is a significant difference from the development
of groundwater deposits: since the area of responsibility at the interstate level for the
transboundary territory has not yet been determined in world practice, there are no unified
mechanisms for its assessment. The second difference is that an unlimited number of
subsoil users (legal entities and individuals) can be located on the border territory, whose
activities cannot be united by a unitization agreement.

However, the principle of the licensing of the subsoil use remains in the jurisdiction
of the state, that is, the management of the development of groundwater deposits is
assumed by the state apparatus that issues the license. Today, when issuing and registering
licenses for groundwater extraction, the impact of water intake on water use facilities
located outside the state border is not at all taken into account. In this regard, clearly fixed
conditions for the development of transboundary groundwater deposits are required.

At first glance, the task of managing transboundary aquifers seems very complex
and ambiguous, but modern society is approaching a stage where it needs to resolve this
problem as soon as possible. The modern hydrogeological community, based on the richest
world experience in solving such problems, is quite ready to implement an innovative
approach to the adoption of general principles and international legislation in the field of
groundwater extraction in transboundary territories on an international scale.
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