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Abstract

:

The aquifer storage and water quality enhancement (ASWQE) method is a potential alternative to overcome the limitations of water resource policies that focus on surface water and act as an effective measure against water shortage caused by climate change. According to the physical/technical characteristics and operational complexity of the ASQWE, there are various legal/institutional issues to be considered at every stage in the development and implementation of the project. However, in Korea, there is no legislation or legal basis directly related to the ASWQE projects, resulting in large gaps between the initiatives of ASWQE and the relevant laws and statutes. In this respect, this study, to introduce approaches for the establishment of a legal system in line with the requirements of ASWQE projects, mainly analyzes the gaps between the abovementioned principal legal/institutional issues/subjects and the indispensable elements at each phase of the project’s process in the existing Korean legal system concerning the ASWQE, particularly based on the issue tree approach. Through this comprehensive, systematic, and comparative case study, large gaps have been definitely identified between the initiatives surrounding ASWQE projects and the existing Korean legal system, and to conclude, legally multilateral approaches to fill and make up for the gaps have been presented. It is expected that the Korean government will continue to pursue the establishment of a comprehensive and integrated legal system in line with the requirements of ASWQE projects based on this research’s findings. When these attempts succeed, the expected legal achievement for the development and implementation of ASWQE projects could serve as an exemplary legal case for the entire world.
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1. Introduction


Various factors have led to the depletion and shortage of freshwater resources. The shortage of water resources is one of the most severe challenges facing humanity in the 21st century. Almost half of the world’s population is expected to live in areas with water shortages by 2030 without stable water supplies [1], and this could trigger severe crises in terms of not only the natural environment and ecosystem, but also the quality of life and human health. As such, securing a stable, safe, and clean water supply has become a major focus of both governmental and nongovernmental organizations. Developing measures towards achieving such a resource is perceived as a key agenda for the sustainable development of the human race [2]. Clean and safe water is now considered a fundamental factor of human rights protection [3,4]. Currently, many countries are struggling to establish and implement national policies to secure stable, clean, and safe water resources [5].



Korea has been facing water shortages for many years due to frequent climate and weather anomalies, such as local and sporadic torrential downpours and repeated droughts. The Korean government has been making efforts to resolve this issue. In particular, extensive resources have been used to develop various policies and measures for using river water, as a means of preventing water shortages during droughts. In addition, substitutes for water resources, including groundwater, are being explored not only at the national government level, but also at the local government level. However, coping with this tough problem requires more fundamental solutions. Around the world, many improvements have been made in the development of various policies and technologies for securing clean water resources, and related regulatory and institutional infrastructures have been established. To keep up with such trends, Korea has been investigating various water resources at the national level, such as seawater desalination, groundwater dams, rainwater harvesting, artificial rainfall, riverbank filtrate, and deep sea water, all of which may assist the country in securing a stable supply of clean water [5,6].



Recently, Korea has been implementing the Aquifer Storage and Water Quality Enhancement (ASWQE) project in an effort to find reliable alternatives for water resources. This project, as a promising approach to managing various water resource issues emerging in Korea, can ensure water supply to a certain extent by making optimal use of the natural state of aquifers while also improving water quality. It is a positive and active technology that links surface water and groundwater in a complementary manner, and thus can help balance the pros and cons of using surface water and groundwater resources, such as by providing proactive measures for disasters and accidents due to water shortage and water quality deterioration, promotion of water security by diversifying water resources, elimination of social conflicts due to interregional water disputes, and cost reduction measures to secure clean water resources. Therefore, it is considered to be fundamentally different from the existing short-term technologies, which are considered negative and passive, for linking surface water and groundwater [7].



Many countries all over the world, such as the US, Australia, and some European, Asian and African countries, have been adopting various types of management of aquifer recharge (MAR) technologies as an effective alternative water management strategy to cope with water shortages due to climate change or global/regional environmental change [8]. In particular, many countries are showing great interest in aquifer storage and recovery (ASR)/aquifer storage transfer and recovery (ASTR) as part of an overall strategy to manage and use large-scale water resources [9,10,11]. For example, as of March 2010, the usage capacity of ASR (including ASTR) was 1 billion gallons per day (3.79 million m3/d), and this value is expected to increase to 5 billion gallons per day by 2020. As such, ASR is emerging as a key alternative to securing water resources worldwide [12].



Among various types of MAR, despite the practicality, usefulness, necessity, and economic feasibility of ASWQE as an alternative for securing alternative water resources, it has been regarded to have considerable obstacles and limitations to overcome in legal/institutional as well as physical/technical aspects, because the development of ASWQE technologies is at an early stage worldwide and even in its first attempt in Korea [7,13]. The critical issues, for example, which have been pointed out to address are injection well and aquifer clogging, collection and withdrawal efficiency of stored water, water quality and environmental pollution, etc. in the physical/technical dimension [8] and deficiencies in the integrated and systematic legal basis to effectively support the ASWQE project in the legal/institutional dimension [9].



Korea has been actively participating in this global trend and launched the ASWQE Research Group on 15 June 2013. The main goal of this research group is to develop and verify the total solution technologies required for the overall life-cycle of a groundwater reservoir, from the planning stage of ASWQE projects to the design, construction, and operation and maintenance (O&M) stages. This group has been developing a pilot ASWQE project with a storage capacity of 1 million m3/d and source water production capacity of 2000 m3/d for drinkable water. The pilot project involves the following four phases:




	(i)

	
collection of raw water from the Nakdong River and pretreatment;




	(ii)

	
artificial injection into the aquifer at the nearby ASWQE site;




	(iii)

	
storage for a certain period of time and release;




	(iv)

	
recovery and supply of stored water to water treatment facilities [14].









However, the current legal system in Korea lacks regulatory/institutional support for the implementation of ASWQE projects. Quite a few countries around the world, especially some European countries, the US, and Australia, have been actively establishing and implementing regulatory/institutional/policy grounds and foundations, as well as plans for ASWQE projects. In contrast, Korea lacks even the basic legal concepts regarding ASWQE in terms of current related acts and subordinate statutes [6]. Therefore, not only the physical/technical aspects, but also the regulatory/institutional aspects should be established in Korea because they have been regarded as highly important factors for successfully commercializing and operating ASWQE.



This foundation is necessary for making accurate and rational decisions, and component policies can act to minimize inevitable uncertainties that are associated with the application of advanced scientific technology, such as in ASWQE projects. An overall framework can also provide clarity, which is absolutely necessary for carrying out and operating actual projects. In addition, clarifying the legal rights, obligations, and responsibilities of parties involved in a project is a prerequisite for carrying out and operating the projects [9,15]. Considering this situation, the main objectives of this study are to (i) analyze the various legal issues and current major legislation related to ASWQE projects in Korea and (ii) briefly introduce approaches and plans that could assist with the establishment of a legal system that reflects the requirements of ASWQE project implementation. To this end, this study mainly reviews and analyzes various legal issues regarding ASWQE projects.




2. Definition and Main Legal Issues of ASWQE


2.1. Definition of ASWQE Projects


ASQWE generally refers to “an aquifer and a series of facilities used to fill up the aquifer with surface water using an artificial method like a well or a pond, store it for a certain amount of time or let it flow and then pump it up” [13]. ASWQE projects involve injection/recharge and pumping facilities, pipe network facilities, pre- and post-treatment facilities, system detection facilities, and operating systems, but large artificial structures, such as tunnels, underground retaining facilities, or underground dams, are not required [7,13].



As shown in Figure 1, the ASWQE project involves highly complicated procedures and processes, such as the collection and pretreatment of source water, artificial injection into the aquifer, storage/filling/recharge, recovery/pumping, and water treatment/supply, all of which require highly intricate and complex legal legislation to be developed based on overseas and domestic legal and regulatory system benchmarking. Some examples include the legal status and water rights of the source water, i.e., surface water and stored groundwater; the legal status of the aquifer serving as the underground space for storage; the licensing basis and procedures for each phase of the project; subjects of the project; the purpose of using groundwater; a legitimate reward and compensation system; and the health and environmental standards in all phases of the project. Figure 1 represents that the method and procedure treating the source water, the water quality/quantity, and the environmental/health standards can be determined differently depending on the end use of the cleaned groundwater.



The principles of ASWQE are fundamentally equivalent to those of aquifer storage and recovery (ASR) or aquifer storage transfer and recovery (ASTR) technologies [14]. ASR and ASTR generally rely on the abundance of surface water during the rainy season. Surface water is injected into an aquifer and stored and recharged to form clean groundwater resources, which then can be pumped out for use mostly during the dry season [16]. The key difference between ASWQE and ASR/ASTR is that the former is used at all times to provide a constant supply of drinking water, while the latter is mainly used for storing water during rainy seasons and recovering the stored water during periods of water shortage for various purposes, such as emergency water provision during saltwater intrusion.




2.2. Main Legal Issues


In addition to the research and development (R&D) activities related to the total solution technologies and the pilot project O&M, the ASWQE Research Group is also conducting research on relevant regulatory/institutional foundations for the sustainable and reliable development and long-term operation of the ASWQE project. The authors used the issue tree analysis method [17] to identify the most pressing problems in relation to ASWQE project development and operation based on consultations and collaborative works with water resources and legal experts through a series of workshops. The authors derived major criteria and subjects considering the identified problem and then devised questions in relation to these subjects, using this as a foundation to compare and review the contents of domestic and foreign statutes, regulations, and policies (see Figure 2).



Many countries have tried to resolve various legal issues by establishing related acts and legislation either directly or indirectly. However, the authors could not find any cases of an integrated and uniform legal system at the national level up to now. For example, in the US, there have been some statutes relevant to ASR/ASTR projects at the federal level, such as the Clean Water Act, Underground Injection Control (UIC) Program under the federal Safe Drinking Water Act, etc., while several states have developed their respective UIC regulations, statutory schemes or programs of underground storage of water, drinking water standards, rules of water reuse or recycling, etc.. However, it has been pointed out that there are inconsistencies not only between the federal regulatory requirements and states’ regulatory standards, but also between the Clean Water Act and the Safe Drinking Water Act [9]. Therefore, efficient establishment and implementation of a related legal system are considered a key factor in determining the success of such projects [9,18].



Similar to other countries with experience in carrying out ASR/ASTR projects, such as the US, Australia, and several European Union countries, Korea also faces diverse and complicated legal issues for each phase of ASWQE projects. Legal issues that emerged throughout the various phases of the project were first analyzed (Figure 3). The blue boxes include prerequisites to be considered and addressed legally throughout the project, whereas the yellow boxes include individual items and factors to be considered and addressed at each stage in the implementation of the project.



A few of the most essential issues can be summarized as follows: (i) separation between the rights to develop or use the aquifer to cope with groundwater shortages and the ownership of the land above the aquifer; (ii) rights to surface water that is used for aquifer storage; (iii) rights for groundwater injected and recharged in the aquifer; (iv) issues surrounding the purpose of pumping/supplying restored water and related rights; and (v) issues of governance, such as the subjects of implementing the project in all processes as well as licensing/permitting systems.





3. Overview of the Existing Legal System Concerning ASWQE Projects


Implementing and proceeding with ASWQE projects necessitates the development and use of groundwater resources and underground aquifers below certain land areas. Thus, a three-sided legal relationship is formed among the ownership parties of the land on the surface, underground spaces, and others with rights to develop and use groundwater resources. Depending on the acknowledgement of the specific scope and limitations of land laws above the surface, the legal status of the underground aquifer and the groundwater resources, as well as the right to develop and use them, may need to be clearly established. Groundwater is stored or allowed to flow through a certain underground space below the land. Thus, depending on whether the ownership of land above the surface extends to the underground space, or whether the land on the surface and groundwater in the underground space are considered as individual or inseparable objects, the legal relations regarding the ownership and rights to develop and use such resources among the three parties may vary regarding the ownership and rights to develop and use such resources among the three parties [5].



In Korea, laws that directly and indirectly regulate the legal status and rights of surface source water, i.e., surface water, and groundwater regarding ASWQE projects, the legal status of the underground storage space aquifer used for groundwater storage, its relationship with the land on the surface above the aquifer, and matters regarding groundwater development and use are distributed in various forms throughout private law and public law. Article 212 of the Civil Act, which is the typical general private law under the jurisdiction of Korea, defines the scope of land ownership, and Articles 235 and 236 regulate the rights to use groundwater through the mutual relationship of individual adjoining neighbors, thereby judicially regulating basic issues regarding ownership and usage of surface water/groundwater, land on the surface above the groundwater, and underground space related to ASWQE projects [6].



Regulations in public law that directly relate to the use of groundwater or related practices, or generally related acts having a close relationship with the concept and purpose of the ASWQE project, include the Groundwater Act, Water Supply and Waterworks Installation Act, River Act, Drinking Water Management Act, and the Act on Promotion and Support of Water Reuse. These acts define matters related to the legal status of groundwater, development/use, and preservation/management of groundwater in terms of public law depending on the legislative purpose and intent of individual acts. The Groundwater Act is the most fundamental mother law and general law in terms of managing, establishing, and implementing policies and plans for groundwater resources in Korea. It protects and controls the private activities of citizens regarding the development and usage of groundwater, while also institutionally regulating public control measures for the preservation and management of groundwater resources [6].



Among various other major public laws aside from the Groundwater Act that convey public legal regulations related to groundwater [19,20], the Water Supply and Waterworks Installation Act, Drinking Water Management Act, River Act, and Act on Promotion and Support of Water Reuse are the most relevant to ASWQE projects. They include many elements and matters regarding the concept and scope of “aquifer recharge or underground reservoir” that serves as the basis for ASWQE projects [6].



There are other acts that also form the legal system related to clean water resources, such as the Framework Act on the National Land that forms the basis of the Comprehensive National Land Plan, which is a superior national policy regarding ASWQE projects; the River Act that forms the basis of the Long-Term Comprehensive Water Resource Plans; and the Groundwater Act that forms the basis of the Regional Groundwater Management Plans, as well as the Master Plan for Management of Groundwater. Furthermore, the Constitution of the Republic of Korea regulates the duty to protect the public nature of water, as well as national land and resources, and the duty to establish plans for balanced development and the use of such resources. Figure 4 shows an overview of the existing legal and policy system concerning ASWQE projects in Korea (Figure 4).




4. Legal Status of Groundwater According to Relevant Public Law


Principal Regulations and National Policy Related to Groundwater


Article 120, Section 1 of the Constitution of the Republic of Korea, which is the uppermost and fundamental norm in Korea that forms the basis and foundation for all subordinate acts and national policies of the country, states that “Licenses to exploit, develop or utilize minerals and all other important underground resources, marine resources, water power, and natural powers available for economic use may be granted for a period of time under the conditions as prescribed by the Act”. It is followed by Section 2, which states that “The land and natural resources shall be protected by the State, and the State shall establish a plan necessary for their balanced development and utilization”. Moreover, Article 122 states that “The State may impose, under the conditions as prescribed by the Act, restrictions or obligations necessary for the efficient and balanced utilization, development and preservation of the land of the nation that is the basis for the productive activities and daily lives of all citizens”. These articles clarify the public nature of water (water resources) as a part of the national land and resources and provide the basis for legal regulations for certain public interests.



The Framework Act on the National Land specifies the formulation of the Comprehensive National Land Plan (Article 9 of the same Act), including matters concerning the efficient utilization and management of national resources, such as land, water resources, forest resources, and marine resources, as well as matters concerning the rational utilization and management of underground spaces (Article 10 of the same Act). Therefore, the Comprehensive National Land Plan is the uppermost comprehensive national plan regarding the use, development, and preservation of national land. This can be arguably considered to form the basis for establishing and implementing national policies and plans about ASWQE projects, such as those pertaining to water resources including surface water and groundwater, as well as aquifers for groundwater storage.



Regarding water resources, the River Act, Groundwater Act, and Water Supply and Waterworks Installation Act individually serve as the acts that together form the basis of national policies regarding ASWQE projects. The River Act, which regulates basic matters concerning the management of river structures and facilities, preservation and management of river environments, and the use and management of river water, also emphasizes the public nature of water resources. It states that rivers and river water, which are public resources, shall be duly maintained to promote the public interest and that no private right shall be exercised against land consisting of a river and other river facilities (Article 4). The same act also makes it obligatory to establish the Long-Term Comprehensive Water Resource Plan as a comprehensive national plan for the stable supply of water resources and the efficient use, development, and preservation of rivers (water resources) (Article 23).



The Groundwater Act, which regulates basic matters concerning groundwater, such as the Master Plan for Management of Groundwater, permission for development and utilization of groundwater, and designations and management of groundwater preservation zones, also states that the State shall be held responsible for efficient preservation and management of groundwater and that the people shall cooperate in national policies for the preservation and management of groundwater and endeavor to preserve groundwater and to prevent the pollution thereof (Article 3). The same act also makes it obligatory to establish the Master Plan for Management of Groundwater as the uppermost national master plan concerning the development and utilization, as well as preservation and management of groundwater (Article 6).



In addition, the Water Supply and Waterworks Installation Act regulates basic matters concerning the installation and utilization of water-saving fixtures and water supply plans, designation and management of water source protection areas, and authorization for general waterworks businesses. The national policies and matters in this Act with close relevance to ASWQE projects are those concerning the formulation of basic plans for waterworks installation and management (Article 4), formulation of comprehensive plans for national waterworks (Article 5), and designation and management of water source protection areas (Article 7).





5. Legal Definition and Status of Groundwater in the Groundwater Act


The Groundwater Act is the most typical foundation law that has the most direct and closest relevance to ASWQE projects among the current related acts in Korea. Since the main goal of the ASWQE projects is to ensure a stable supply of clean groundwater using aquifers, the Act will regulate basic matters concerning groundwater for the proper development and utilization of groundwater and the prevention of the pollution thereof by prescribing matters concerning the appropriate development and utilization and the efficient preservation and management of groundwater (Article 1).



The Groundwater Act defines “groundwater”, the object of application and regulation, as “water filling or flowing through spaces between strata or rocks beneath the Earth’s surface” (Article 2, Section 1). Therefore, with this regulation alone, it is unclear whether the application scope includes only naturally formed groundwater in the aquifer or also artificially injected groundwater. Furthermore, contents with direct or indirect relevance to ASWQE projects in the Act include the master plan for management of groundwater, permission and reporting on development and utilization of groundwater, installation of facilities for securing groundwater resources, designation of groundwater preservation zones, registration of construction businesses for the development and utilization of groundwater, establishment of a special account for groundwater management, imposition and collection of charges for using groundwater, and others. Key provisions of the Act related to ASWQE projects are listed in Table 1.




6. Others


Article 4 of the Groundwater Act states that “Where there are special provisions concerning the survey, development, utilization, preservation and management of groundwater in other Acts, such Acts shall govern the said activities”. There are many public laws containing regulations related to groundwater aside from the Groundwater Act, and some typical examples with the closest relevance to ASWQE projects are the Water Supply and Waterworks Installation Act, Drinking Water Management Act, River Act, and the Act on Promotion and Support of Water Reuse. According to the Water Supply and Waterworks Installation Act, regulations of these same Acts are preferentially applied in the case of “raw water” or “water sources” that are the objects of application, even for the same groundwater (resource) (Article 3). Therefore, aquifer recharge in an underground reservoir can be designated as a “water resource protection area” according to the Water Supply and Waterworks Installation Act, and is thus included as the object of various regulations and management, which is likely to have direct impacts on ASWQE projects.



Moreover, the current legal system’s Drinking Water Management Act has regulations related to “drinking water”, “spring water”, “drinking spring water”, “saline groundwater”, and “drinking saline groundwater”, and thus, the Drinking Water Management Act has the status of a special law for the Groundwater Act. Therefore, for relevant matters, regulations of the Drinking Water Management Act will be applied first. Accordingly, if groundwater artificially recharged in aquifer recharge groundwater is categorized as “spring water” or “saline groundwater” according to the Drinking Water Management Act, it will be the object of various regulations and management in this act; this same act will also apply in terms of water quality standards.



If river water is used as source water for ASWQE, issues of application and potential conflicts of clauses may arise regarding the use of river water under the River Act, and thus, the River Act is closely relevant to ASWQE projects. The Act on Promotion and Support of Water Reuse is in the status of a special law for the Groundwater Act and concerns matters of water reuse, and thus, regulations of the Act on Promotion and Support of Water Reuse will be applied first when using reused water as source water or water reuse facilities for ASWQE or other water reuse facilities. Therefore, it is necessary to additionally review the possibility of conflicts between the regulations of the Act on Promotion and Support of Water Reuse and ASWQE projects. Table 2 comprehensively reorganizes the major clauses and contents related to ASWQE projects in the River Act, Water Supply and Waterworks Installation Act, the Drinking Water Management Act, and the Act on Promotion and Support of Water Reuse, excluding the aforementioned Water Supply and Waterworks Installation Act and Drinking Water Management Act Groundwater Act.




7. Review and Assessment


Korea has public laws closely related to the concept and purpose of ASWQE projects, such as the Groundwater Act, Water Supply and Waterworks Installation Act, Drinking Water Management Act, River Act, and the Act on Promotion and Support of Water Reuse. However, none of them directly regulate the development and utilization of ASWQE, nor do they establish or clarify definitions of concepts related to ASWQE. Therefore, a regulatory/institutional foundation for efficient implementation of the projects is lacking. In particular, the current legal system has inadequate or no regulations regarding ASWQE development or project systems (such as the legal system, organization, and exclusive workforce). Furthermore, it lacks the specificity and effectiveness of a national plan to proceed with the projects, and there are no specific strategies or legal support.



Major acts that directly use the terms groundwater (resource) and (artificial) recharge (facilities) include the Groundwater Act, Countermeasures against Natural Disasters Act, and Special Act on the Establishment of Jeju Special Self-Governing Province and the Development of Free International City. However, these regulations merely mention these terms as a strategy for securing groundwater resources (Article 9-6 of the Groundwater Act) or for overcoming drought (Article 32 of the Countermeasures Against Natural Disasters Act), or present them as approaches for using raw water (rainwater) in a specific area (Article 386 of the Special Act on the Establishment of Jeju Special Self-Governing Province and the Development of Free International City). Thus, these regulations are not sufficiently integrated as basic regulations for ASWQE projects.




8. Vertical Scope of Land Ownership Under Relevant Private Law


Provisions of the Civil Act


Article 212 of the Civil Act in Korea defines the scope of ownership of land only by stating that “Within the scope, where a justifiable profit exists, the ownership of land extends both above and below its surface”, without a separate guideline regarding the specific scope or limitation of underground space concerning the land ownership, as well as the right to groundwater. As we have seen above, other public laws directly or indirectly related to underground space and groundwater, such as the Groundwater Act, do not provide separate regulations. Thus, regarding the ownership of underground space and groundwater, as well as the right to develop and utilize them, it becomes necessary to rely on the interpretation and custom of Article 212 of the Civil Act. However, this clause regulates as “within the scope, where a justifiable profit exists”, thereby implying that the land ownership does not reach above and below its surface without any limits, but may be limited to a certain scope.



With advancements in scientific technology and expansions in the living space of humanity, effective exploitation and use of spaces above and below the ground has raised the need to clearly distinguish the ownership of land from the space above and below the surface of land and to establish legal registration methods for them [21]. Development and utilization of ASWQE also represents the increasing need and demand for the use of underground space. Therefore, it is necessary to clearly set up and organize the multidimensional legal relationship among the ownership of land, underground spaces, and groundwater.





9. Theoretical Approaches and Cases of Legislation


The current Civil Act in Korea sets the scope of land ownership “within the scope, where a justifiable profit exists”. Therefore, whether the right to develop and use underground space and groundwater also belongs to the owner of the land above the underground space will be determined by the concept of “justifiable profit” in the same act, based on what standards exist and to what extent the scope can be acknowledged. Conventional theories, views, and cases of legislation focusing on such discussions are as follows.



First, the theory of unlimited land ownership is considered. According to this view, there is no limit to the scope of land ownership above and below the surface of land, and that the right of the landowner reaches the root of heaven above the Earth’s surface and to the nucleus of the Earth below its surface. By extremely expanding the Roman law stating that the ownership of land reaches both above and below the land through the interpretation of Glossatoren, this theory is derived [22]. The German uniform law, French civil code, and Austrian law are typical cases of legislation that take this stance [23].



Second, the theory of limited land ownership is considered. According to this view, the scope in which land ownership has effect is limited to the “scope where a profit exists”, as defined in the Korean Civil Act. This theory is divided into slightly different views in terms of specific standards and arguments or legal relations according to the scope of the limitation. However, they ultimately share the common view that the spatial scope of land ownership above and below the surface of land is not acknowledged to an unlimited extent, but is limited to a certain scope [5]. The civil laws in Korea, Japan, Germany, and Switzerland take this stance.



Key Criterion for Vertical Scope of Land Ownership


According to Article 212 of the Civil Act in Korea, the key issue in setting the scope of land ownership is what this “justifiable profit” means as well as its specific scope. It is recommended to determine the concept and scope of “justifiable profit” in terms of interpretation through specific business perspectives [24,25]. The concept of “justifiable profit” is ultimately relative, and the interpretation thereof may vary depending on the circumstances of the times or economic environment. Thus, it seems invalid to expand the effective scope of land ownership to an unlimited extent above and below the surface of land in the situation like today’s, where land supply is limited, but the three-dimensional use demands for land both above and below its surface are rapidly increasing due to various factors. Therefore, the basic intent of Article 212 of the Civil Act lies in not permitting the prohibition of other people’s use of the land above and below its surface unless it violates the profits of the landowner [5]. Therefore, it is not justifiable for landowners to ban an aeroplane from passing through the air above their land or a subway from passing through the underground without any reason. As such, claiming land ownership to an excessive extent may rather turn out to be an abuse of rights [26].



With regard to this, the court’s precedent in Korea decided that the scope of “justifiable profit” should be “within the limits that can be controlled by humans”, thereby presenting controllability as a requirement for the scope of land ownership [27]. However, being able to control does not always indicate that there is justifiable profit, and thus, some argue that it is more appropriate to mutually adjust and flexibly interpret the landowner’s profits and public interests [28].





10. Relationship between Land Ownership and the Right to Groundwater


Two Theoretical Approaches and the Supreme Court Rulings


Clear setting of the relationship between land ownership and right to the groundwater is another key legal issue, because a clean underground reservoir and its groundwater artificially created by ASWQE project can be critically influenced by the legal rights of the property ownership. Herein, the relationship between land ownership and the right to groundwater are examined by focusing on (i) the view in which groundwater is considered a component of land and (ii) the view in which the two elements are considered individual entities.



According to the former, the right to groundwater is also part of land ownership and an object of land ownership. The landowner may use groundwater exclusively. In addition, Article 212 of the Civil Act can be applied to all cases regardless of whether the legal status of groundwater refers to hot springs, mineral springs, or mineral water, and regardless of how deep the groundwater is in relation to the surface of land [29]. There may be cases in which someone that is not the landowner has a separate right to use the groundwater, which is one of the limitations of land ownership by the legal principle of the adjoining neighbor relationship, stated as follows in Article 235 of the Civil Act: “Right to Use Water for Common Use: Adjoining neighbors have the right to use the wellspring or water supply for common use in proportion to their demands as long as they do not disturb the other’s use of water”.



As the issue of water deficiency is becoming more severe every day, interest in groundwater is also rapidly increasing worldwide. Consequently, active arguments are being held to distinguish the right to use groundwater from land ownership. There are various legal grounds for acknowledging groundwater as an independent object of real rights separate from the land. These different views have certain differences in perspective in terms of the argument that sees water rights for groundwater and land ownership as two individual rights. However, these views ultimately claim the two as rights with independent characteristics depending on the public nature of groundwater or special assets, the social need for groundwater as an important national resource, and the need to mediate conflicts of rights among stakeholders [5].





11. Review and Assessment


The legal characteristics and status of groundwater resources artificially formed in aquifers through ASWQE projects are different from those of naturally occurring groundwater. Therefore, the characteristics and contents of related rights are bound to differ from those of groundwater. Moreover, the issue of the ownership of ASWQE and groundwater resources, as well as the rights to develop, use, and dispose of them, may also vary depending on whether land ownership is separate from the right to use groundwater.



In determining whether the right to groundwater falls under the scope of the extent of land ownership, the recent precedent by the Supreme Court of Korea presented a standard under which the rights to use groundwater can be set by determining whether it directly affects public interests. Therefore, the use of groundwater in the scope that it does not directly affect public interests, such as naturally discharged groundwater, wells for domestic use or common use without use of a power system, or other minor developments or utilization, shall be included in land ownership, and thus, must be regarded as a right inherent to land ownership. However, development and utilization of groundwater beyond such an extent is not inherent to land ownership and is instead regulated by the administrative authorities concerned with the properties and functions of groundwater as a public water resource.



Furthermore, the possibility and scope for conceptualizing and regulating the right to groundwater as a separate and independent right from land ownership are being further expanded in certain cases pertaining to the Civil Act and various related acts, interpretations and customs of the court, and social/economic/environmental needs and purposes. Moreover, with the increasing needs and demands for the three-dimensional use of underground space, the effect of land ownership is limited to the scope of “justifiable profit”. There are active discussions and attempts to define a standard as deep underground space where land ownership has no effect and to regulate it separately. In addition, there are normative attempts to separate the right to groundwater from land ownership by actively implementing the concept of groundwater for common use.



According to the observations made in this study, aquifers in which ASWQE projects are implemented can be generally regarded as spaces that exceed the scope of “justifiable profit”, where ownership of the land affects the underground space and thus can be separated from land ownership. Moreover, groundwater resources recharged and formed through an ASWQE project can be conceptualized separately from land ownership based on legitimate grounds that view the right to groundwater as an independent right.




12. Right to Surface Water (River Water) as a Major Source Water


ASWQE Method and Source Water Considerations


Currently, the groundwater reservoir technology being developed by the ASWQE Research Group in Korea can be divided into two types: one that injects and pumps water constantly, and another that injects water in the rainy season and pumps it in the dry season. The former type requires a stable supply of surface water throughout the year, even if the water quality is poor. This type can be installed in areas where aquifers are well developed (e.g., areas located in river fans or estuaries). To satisfy its requirements, river water is mainly used as source water. The latter type is suitable for areas where excessive surface water occurs only in the rainy season, such as in mountainous and coastal areas with poor river development. Thus, rainwater is used as the main source water [7].





13. Legal Approaches of Foreign Countries: The US, Australia, and in the European Union


Various forms of surface water, such as rainwater, river water, treated wastewater, and other recycled water, can be used as source water for ASWQE depending on the area of application or type of technology. Thus, legal rights to surface water can be considered one of the key legal issues that may affect ASWQE projects [9]. In the US, issues regarding the right to surface water are regulated by individual states. In general, states in the Eastern US preferentially grant the right to surface water to the landowner adjacent to the surface water, such as a river, based on the traditional concept of riparian rights. Nevertheless, the amount of use is limited and regulated through the permission of the state. On the other hand, states in the Western US grant the right to use water based on the prior appropriation doctrine or first-in-time, first-in-right principle, while also setting the scope of use according to the permission of the authorities [6,9,30,31]. In relation to ASR/ASTR projects, representative examples of states that have statutes concerning the right to surface water as source water, including permission provisions, can be Oregon (Or. Rev. Stat. § 537.534 (2003)), Idaho (Idaho Code Ann. § 42-234(2) (2006)), Kansas (Kan. Admin. Regs. §§ 5-12-1 et seq.), Arizona (Ariz. Rev. Stats. §§ 45-801.01 et seq.), California (Cal. Water Code § 1242 (2006)), and Texas (Tex. Water Code Ann. § 11.153 (2005)) [9].



Meanwhile, according to the prior appropriation doctrine, surface water may be treated separately from groundwater since the surface water is regulated by the state’s permit system based on the doctrine of priorities, while the right to groundwater is considered to be part of private land ownership [32]. As stated above, ASWQE projects use various forms of surface water which are physically, hydrologically, or environmentally connected with groundwater. They mutually and continually influence each other through channels. Therefore, the integrated or conjunctive management system has been pointed out as an important element in performing ASWQE projects [9,33]. In the US, particularly in the western states in which surface water and groundwater are regulated under the prior appropriation doctrine, judicial decisions and laws have established the “groundwater–surface water management” (or “conjunctive management”) system of surface water and groundwater. They have considered the conjunctive management system as an essential part for ASR projects [34]. In 1976, the US Supreme Court ruled that “groundwater and surface water are physically interrelated as integral parts of the hydrologic cycle” [32,35]. Wyoming, Idaho, Colorado, and Washington are representative cases that have some common provisions relating to the conjunctive management based on the prior appropriation doctrine as the guiding principle in their constitutions or statutes (Wyoming Constitution, Art. 8 § 3; Idaho Constitution, Article XV § 3; Colorado Constitution, Article XVI § 6) [33,34].



In Wyoming, anyone who wants to use groundwater must apply to the State Engineer for permission (Wyoming Statute § 41-3-930(a)). If the surface water and groundwater in a specific area are determined to constitute “one source of supply” by the State Engineers, they shall be managed under a single set of priorities (Wyoming Statute § 41-3-916). The Board of Control, the state authorities to administer groundwater supplies, may designate particular areas as “control areas” under certain circumstances (Wyoming Statute § 41-3-912). Similarly, permission is necessary to appropriate groundwater in Idaho (Idaho Code § 42-202). In Idaho, the Idaho Department of Water Resources (IDWR) is the state authority responsible for both administering and developing rules and regulations for not only surface water, but also groundwater. Through these mechanisms, Idaho establishes a comprehensive legal system for conjunctive management applying to “areas determined to have a common groundwater supply” (Idaho Administrative Procedure Act, Section 37).



In Colorado and Washington, the doctrine of priority appropriation commonly applies to both surface water and groundwater. Colorado divides groundwater regulation and management into three categories: groundwater located in a nondesignated groundwater basin, groundwater located in a designated groundwater basin, and groundwater located in a Denver groundwater basin. Among them, especially the first type is presumed to be “tributary”, so the groundwater falls within a single set of priorities with surface water (Colorado Revised Statutes § 37-92-102, 2008). However, it may be determined to be “nontributary groundwater” because the presumption is rebuttable. In the case of nontributary groundwater, there is a restriction that the surface flow depletion should not exceed 0.1% of the groundwater withdrawal rate (Colorado Revised Statute § 37-92-102, 2008). In Washington, the Washington Department of Ecology (WDE) administers the permit system for both surface water and groundwater (Revised Code of Washington § 90.44.050, 2008). According to the groundwater code of Washington, the potential interrelationship between them is acknowledged (Revised Code of Washington § 90.44.030, 2008). If it is determined that there is a “significant hydraulic continuity” between surface water and groundwater, they must be managed under a single set of priority rules or appropriation regime (Washington Administrative Code § 173-549-060, 2008).



Australia established regulatory/institutional grounds including relevant licensing systems for groundwater injection and recovery using rainwater, treated wastewater, and other types of surface water relatively early. Based on the concept of the public nature of water resources, authorities in Australia are in charge of the comprehensive regulation and management of water resources, from granting and distributing of the rights to rainwater and reclaimed water to the artificial injection, recovery, and distribution of such water [6,14]. In terms of integrated management for surface water and groundwater, some areas in Australia have an allocation system similar to that of the US. In Australia, however, it is not the general approach to regulate the rights to surface water and groundwater together, which is common in some western states of the US. Moreover, in comparison with the cases of these states, the clear definition of property rights relating to ASR projects in Australia (e.g., rights to surface water) is lacking, which is a critical impediment to ASR in Australia [33].



Most European Union countries do not have an integrated domestic law regarding direct application and regulation of ASR/ASTR projects, with only a few exceptions: Spain and Switzerland. They individually establish and implement management policies based on the general laws concerning water resource management [6,18,30,36]. Therefore, the issue of legal rights to surface water regarding ASWQE projects cannot be determined uniformly and accurately with only the relevant legal system itself.




14. Interpretation and Application of the Relevant Provisions of Korean Laws


In Korea, the general rights to use surface water are regulated by the Civil Act. The landowner may not interfere with the natural flow of water coming from adjoining land (Article 221, Section 1), and the landowner of upstream may not interfere with the natural flow of water necessary for and that flowing down onto the adjoining downstream land by diverting more water than is necessary for reasonable use (Article 221, Section 2). Therefore, the private law in Korea does not grant a specific person with exclusive rights to naturally formed and flowing surface water and it adequately distributes and protects the right to use water within a reasonable scope among owners of adjoining lands in light of the public nature of water. The precedents also decided that drawing water from upstream surface water is permitted within the scope of not hindering that of downstream [37]. However, if water flows through private land, the water rights of others are not approved and only the owner of the relevant land is granted the exclusive rights [30]. The precedents also do not approve of the acquisition right in the laws or existence of customary laws that are against the above [38,39]. This is because, in this case, water flowing over privately owned land is a component of the ownership of the relevant land [40].



In the case of river water, the Civil Act states that those engaged in agriculture and industry on the banks of public rivers may draw necessary water from the river for use in their business as long as they do not disturb the use of water by other persons rightfully entitled to such use (Article 231, Section 1), and structures necessary for drawing water under the preceding paragraph may be constructed (Article 231, Section 2). This is referred to as the right of using public rivers, and the right to use water at a lower part can be protected within a justifiable scope (Article 232), while the rights and duties may be the object of succession by law (Article 233).



With regard to the precise legal status and properties of the right of using public rivers, there are two perspectives: (i) the theory of independent water rights and (ii) the theory of adjoining neighbors rights. The former sees the right to use public rivers as an independent water right, and it claims that, by common law, this right is conceptualized as an independent legal right, and thus, if multiple rights to use public rivers are in conflict, the vested rights are protected by giving a clear priority to the existing water rights according to the prior appropriation doctrine. This is the majority view and the stance of the precedents. Conversely, the latter sees the right to use public rivers based on adjoining neighbors rights, and it claims that this right is not granted to a specific landowner, but is approved for anyone engaged in agriculture or industrial work in the coastal areas or a public river. Moreover, related regulations in private law are not set up to grant certain property rights to a specific individual, but they are aimed at adjusting water use among adjoining neighbors, and this right to use public rivers is included in the clause of adjoining neighbors in this private law [31].



The River Act has been enacted in Korea as a special law to be preferentially applied before the Civil Act regarding river water. According to the River Act, a person who intends to use river water shall obtain permission from the Minister of Land, Infrastructure, and Transport (Article 50). Relevant vested rights may be protected in cases where the water rights can be clearly proved to have been obtained by common law prior to the enforcement of the River Act [41]. In addition, the River Act regulates matters concerning the protection of vested river users, principles of use and distribution of river water, reports on temporary use of river water, instream flows, use and management of river water, adjustment in use of river water, and mediation of disputes over river water. Therefore, these regulations may be applied when using river water as the source water for ASWQE.



Regarding the issue of integrated or conjunctive management for surface water and groundwater, Korea has blind spots in legislation as well as policy. In Korea, according to the relevant laws, groundwater and surface water are treated separately. For example, groundwater is regulated according to the Groundwater Act, while surface water (river water) is regulated according to the River Act. Despite their interconnectivity and interdependency in physical, hydrological, and environmental aspects, there are no statutes or regulations considering these characters. Therefore, the integrated legislation to perform ASWQE projects in Korea, a final goal of the ASWQE Research Group, will be the leading case of the conjunctive management in Korea.




15. Conclusions and Future Research Outlook


In order to develop legal and institutional bases for practical and sustainable execution of ASWQE projects, institutional mechanisms and governance that are supported by the law and regulations are indispensable for the effective execution of ASWQE projects. Although the entire process of ASWQE projects engender many diverse and complex legal issues, the existing relevant legal system and regulations have proven to be insufficient for forming valid legal and institutional bases to commence such projects. Current Korean statutes and regulations have not even established legal notions, nor recognized the essentials regarding ASWQE, such as the legal status of groundwater and its associated rights and rules, upper and lower spatial ranges of land ownership and the legal status of aquifers, issues of water rights regarding groundwater and source water, and other issues regarding public health, environment, permit standards, etc. In the current Korean legal sphere, private laws such as the Civil Act and public laws such as the Groundwater Act overlap in multiple aspects. Furthermore, the legal framework has to be altered in an optimal way to include the ASWQE system by which the existing statutes can accommodate the system without decommissioning the advantages of the ASWQE from any one given perspective.



Through the reviews and analyses, large gaps could be clearly identified between the initiatives surrounding ASWQE projects and the existing Korean laws and statutes. Throughout this research project, the authors have examined and suggested three different legal and institutional approaches in order to fill and make up for the gaps: (i) to reform and revise the existing statutes, especially the Groundwater Act; (ii) to make a new special law, tentatively named “the Act on Aquifer Recharge, Use, and Management of Groundwater”; and (iii) to integrate ASWQE projects into the Nation’s Water Industry Fostering Strategies, which is being planned and propelled by the Korean government. The last approach will need more comprehensive national policy and legislation, in which ASWQE is included as a significant part.



The ASWQE Research Group has continually compared and examined the three approaches to find out and suggest the optimum proposal. From our observations, if this effort is successful, the Korean government will be able to establish the integrated legislation to perform ASWQE projects successfully in Korea. Further, the achievement could serve as an exemplary legislative model not only to form the legal and institutional foundation for Korea’s ASWQE business, but also to become a pioneer of the global ASR/ASTR industries. The concrete legislative improvements are expected to be introduced in the near future.
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Figure 1. Concept and scope of the aquifer storage and water quality enhancement project (ASWQEP) and legislation requirements. WTP: Water Treatment Plant. 
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Figure 2. Issue tree analysis for the aquifer storage and water quality enhancement (ASWQE) projects in Korea. MAR: management of aquifer recharge. 
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Figure 3. Main legal issues and components in each phase of the ASWQE project. 
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Figure 4. Overview of the existing legal and policy system concerning ASWQE projects in Korea. 
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Table 1. Key provisions and contents related to the ASWQE projects in the Groundwater Act.
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Key Provisions

	
Main Contents




	
Article

	
Title






	
Article 2

	
Definitions

	
The term “groundwater” means water filling or flowing through spaces between strata or rocks beneath the Earth’s surface.




	
Article 6

	
Formulation of Master Plan for Management of Groundwater

	
The Minister of Environment shall formulate a master plan for the management of groundwater for every ten years for the systematic development and utilization and the efficient preservation and management of groundwater.




	
Article 7

	
Permission for Development and Utilization of Groundwater

	
A person who intends to develop and utilize groundwater shall obtain prior permission from the head of a Si/Gun/Gu.

Groundwater impact investigation (report)




	
Article 8

	
Reporting on Development and Utilization of Groundwater

	
A person may develop and utilize groundwater after reporting in advance to the head of a Si/Gun/Gu.




	
Article 9-6

	
Installation, etc., of Facilities for Securing Groundwater Resources

	
The Minister of Environment and the head of a local government may install and manage facilities for securing groundwater resources (referring to groundwater dams, groundwater recharge facilities, etc., installed and managed by the State or a local government) in certain areas.




	
Article 12

	
Designation of Groundwater Preservation Zones

	
Designation and management of certain areas as a groundwater preservation zone by law.




	
Article 22

	
Registration, etc., of Construction Business for Development and Utilization of Groundwater

	
Any person who intends to engage in construction business for the development and utilization of groundwater shall register.




	
Article 30-2

	
Establishment of a Special Account for Groundwater Management, etc.

	
Establishment of a special account for groundwater management and various support programs.




	
Article 30-3

	
Imposition and Collection of Charges for Using Groundwater

	
Charges for using groundwater shall be imposed upon and collected from a person who develops and utilizes groundwater.
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Table 2. Key provisions and contents related to ASWQE projects in other laws.
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Name of Act

	
Key Provisions and Main Contents

	
Relevance






	
River Act

	
Arts. 49 to 53

	
Principles, standards, and procedures for the use and distribution of river water, use permits for river water, and use and management of river water.

	
If river water is used as source water for ASWQE, issues with the application and potential conflicts of clauses may arise.




	
Water Supply and Waterworks Installation Act

	
Art. 3.1

	
“Raw water”: Natural water that is provided for drinking or industrial purposes.

	
The Water Supply and Waterworks Installation Act will apply prior to other laws for underwater (resources) if it falls under the category of “raw water” or “water source”, both of which are subject to the Water Supply and Waterworks Installation Act.

In this case, clean underground reservoirs are also designated as a “water source protection area” under the Water Supply and Waterworks Installation Act and thus are subject to various regulations and management. This is likely to directly affect businesses.




	
Art. 3.2

	
“Water source”: The rivers, lakes, marshes, groundwater, seawater, etc., within an area where water intake facilities are installed so that the water for drinking or industrial purposes can be supplied.




	
Art. 7

	
The Minister of Environment may designate an area that is deemed necessary for securing water sources and conserving the quality of water as an area for the protection of water sources (water source protection area) or may modify the designation.




	
Drinking Water Management Act

	
Art. 3.2

	
“Spring water”: Naturally clear water in bedrock aquifers, groundwater, or springs, which can be safely maintained to be used for drinking purposes.

	
As for the regulations regarding “spring water”, “drinking spring water”, “saline groundwater”, and “drinking saline water”, the Drinking Water Management Act is a special law as opposed to the Groundwater Act, so the former prevails for the aforementioned entities.

Therefore, if water resources in clean groundwater reservoirs fall under the category of “spring water”, “drinking spring water”, “saline groundwater”, or “drinking saline water”, the Drinking Water Management Act will apply for their regulations and management including the water quality standard.




	
Art. 3.3

	
“Drinking spring water”: Processed water to make spring water potable by means of physical treatment, etc.




	
Art. 3.3-2

	
“Saline groundwater”: Groundwater in bedrock aquifers, in which the contents of salinity, etc., in dissolved form exceed the standards prescribed by Ordinance of the Ministry of Environment, and raw water to be used for drinking purposes in a natural state, the safety of which can be continuously maintained.




	
Art. 3.3-3

	
“Drinking saline groundwater”: Processed water to make saline groundwater potable by means of physical treatment, etc.




	
Act on Promotion and Support of Water Reuse

	
Art. 2.1

	
“Reuse of water”: Treating rain water, sewage water, or wastewater in water reuse facilities (herein referred to as “treated water”) for use in daily life, as well as for industrial, agricultural, landscaping, and river maintenance purposes.

	
The Act on Promotion and Support of Water Reuse is in the status of a special law for the Groundwater Act concerning matters of water reuse, and thus, regulations of the Act on Promotion and Support of Water Reuse will be applied first in using reused water as source water or water reuse facilities for ASWQE.

There may be an issue with the application and potential conflicting regulations in the Act on Promotion and Support of Water Reuse concerning ASWQE projects.




	
Art. 2.2

	
“Water reuse facilities”: Rain utilization facilities, water renewal systems, and treated sewage and wastewater reuse facilities.




	
Art. 4

	
Matters regarding water reuse shall be dictated by this act unless otherwise prescribed under other acts.
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Rights for collection of source water?

Standards and levels of recharging?
Licensing, permission, procedures etc.?

Protection and management system for
water?

Standards, subjects, responsibilities?

Operation system, cost bearing, assessment?

End use of the stored groundwater?

Legal principles of transfer and trade of right?

Financial incentives and support?

Appropriate quantitative standards?
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Existing Regulations

Civil act, supreme court, decisions, etc.

Regulations for public interests
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act, etc.
Law of public interest of groundwater
Compensation for land ownership restrictions

Water source protection areas, etc.

Absence of clear concepts and definitions
Absence of relevant provisions
Permission for using river water in river act

Groundwater quality in groundwater act

Existing system for operation of facilities and
development and utilization of groundwater

Ground water quality in ground water act

Standards and procedures for ground water
use

For drinking, industry, agriculture, etc.

Laws of contract, business, trade, right
T
Special account, charges, subsidies, etc.
Responsibility of managing groundwater

Standards of water quality in the relevant
laws

Foreign Cases

Absence of
legal and
policy basis

UsA
(federal/states)
. ia, EUJ

(European
Countries),
Middle East/

counitries, etc.

GAP Analysis

Absence of legal
and policy basis

Compensation
system

Establishment of
new zoning for
SWQE

Mechanisms and
governance for
the project, such
as the authorities
and parties to the
operation and

management,
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monitoring and
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systems, and
en-vironmental,u"

etc.
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