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GROUNDWATER MANAGEMENT UNDER THE WATER FRAMEWORK DIRECTIVE REQUIREMENTS IN LATVIA

Groundwater is a natural resource with an economic and ecological value. The European Parliament and Council Directive 2000/60/EC of 23 October 2000 which establishes framework for the European Community action in the area of water protection policy, sets the following goal:

To ensure protection and sustainable use of water in the framework of the river basin, maintaining and improving the aquatic environment. The main criteria are to achieve the elimination of priority hazardous substances and contribute to achieving concentrations in the water environment near background values for naturally occurring substances. 

The management of water resources depends on water quality and its status.  The EU has not established common guidelines for groundwater quality typology in the river basin, or for the development of quality criteria for each groundwater type. It is not possible to set unified groundwater types and common groundwater quality criteria for all EU countries due to the significant differences in natural conditions. However, in any case, it is advisable to stick  common basic principles. 

The European Union Directive 2000/60/EC, which establishes framework for the European Community action in the area of water protection policy, identified a water body as an element of water resource management in catchment area. Such groundwater elements so far have not been identified either in the EU or in the Baltic countries. At the same time the Directive provides no guidelines or criteria for identification of such element for groundwater.

As set by item 1 of article 3 of the Water Framework Directive, a river basin district means the area of land, made up of one or more neighboring river basins together with their associated groundwater. Where groundwater do not fully follow a particular river basin, they shall be identified and assigned to the nearest river basin. 

Surface water bodies and the associated groundwater bodies are defined as the main unit of river basin management.
The territory of Latvia as well as Lithuania and Estonia is the part of the Baltic artesian basin, which is characterised by a thick layer of sedimentary rocks (500 - 2000 m).  Aquifers and multi-aquifer systems distributed across the territory of Latvia mostly reaching outside the boundaries of the Republic of Latvia. The boundaries of artesian aquifers in no way correspond to the boundaries of the river catchment areas. Only shallow unconfined aquifers, which in the territory of Latvia are formed mainly by quaternary deposits, are hydrodynamically connected with surface waters and in the majority of cases it is possible to identify them as belonging to a specific river catchment area. However, more extensive studies are needed in order to do such mapping. 

One of the first tasks in developing the strategy for use and protection of groundwater is the assessment of groundwater status. The European Parliament and Council Directive 2000/60/EC of 23 October, 2000, which establishes framework for the European Community action in the area of water protection policy, provides in Article 17, that each of the Member States shall establish criteria for assessing good groundwater chemical status, and criteria for the identification of significant and sustained upward trends of pollution and for the definition of starting points for trend reversals. 

The EU Directive 2000/60/EC define, that:

	Groundwater status is the general expression of the status of a groundwater body in an aquifer or a multi- aquifer system, determined by the poorer of its quantitative status and its chemical status.


There are rather significant natural variations in the groundwater quality across the territory of Latvia. These variations are determined by differences in rocks, containing groundwater, and differences in hydrodynamic conditions. A variety of different classifications of groundwater quality have been developed in Latvia over the years, however, the majority of them are not in compliance with the requirements of the Directive 2000/60/EC, which establishes framework for the European Community action in the area of water protection. 

To characterise chemical status of groundwater, quality criteria should be set on the basis of the natural chemical composition of water and its changes due to human activity. 

EU Directive 2000/60/EC declares that:

	Member States may use typology for groundwater characterisation to establish natural background levels for groundwater bodies.


The Preamble of the EU Directive 2000/60/EC sets the following guidelines for its implementation: 

The objective of achieving good water status should be pursued for each river basin, so that measures in respect of surface water and groundwater belonging to the same ecological, hydrological and hydrogeological system are co-ordinated. For the purposes of environmental protection there is a need for a greater integration of qualitative and quantitative aspects of both surface waters and groundwater, taking into account the natural flow conditions of water within the hydrological cycle.

Human activity can lead to pollution of groundwater or depletion of groundwater due to excessive consumption. Therefore, the classification (typology) of groundwater, just like the strategy of use of groundwater should be oriented at sustainable management, maintaining their quantity and quality. The typology should be flexible, in order to accommodate changes in the country and in the nature during the implementation of the Directive. 

The analysis of all available information and requirements of the EU Directive 2000/60/EC how to evaluate groundwater status, showed that it is necessary to carry out differentiation of managing elements and their typology in accordance with existing status. On the basis of the requirements and guidelines of the EU Directive 2000/60/EC, groundwater resources management principles, optimal for the conditions of Latvia, were elaborate. Groundwater management elements were define for various levels and various degree of detail, including the definition of the concept of a groundwater body, as provided by the Directive, taking into account hydrogeological conditions of Latvia. In addition, groundwater body types, characteristic for Latvia, were identified. 

Considering all the above-mentioned, measures for the protection, monitoring and rational use of groundwater should be planned at various levels. On each of the levels it is necessary to set specific strategic objectives and degree of detail:

· National (state) level includes a common strategy for protection of groundwater resources (the strategy was developed and approved by the Ministry of the Environmental Protection and Regional Development in 1998). It covers all aquifers and multi-aquifer systems containing freshwater; sets general requirements to complex protection of groundwater resources, national monitoring objectives and planning of rational use. By introducing the requirements of the EU Directive 2000/60/EC, the strategy for protection of groundwater resources of Latvia should also be reviewed, developed with necessary details and additions;

· Basin level – covers the part of aquifers and multi-aquifer systems, located within the basin area; their general protection and monitoring requirements, as well as possibilities of their use in accordance with the common strategy for protection, monitoring and rational use of groundwater. Aquifers and multi-aquifer system, due to their distribution across large area, have very changeable and different qualitative and quantitative status not only across their distribution area, but also across the whole catchment area. Therefore, to ensure preparation of information and the development and implementation of the groundwater resources management strategy in accordance with the requirements of the EU Directive 2000/60/EC, it is necessary to set out smaller parts of aquifers and multi-aquifer systems - groundwater bodies, the elements, for which specific management requirements are set;

· Groundwater body – covers a part of aquifer or multi-aquifer system, set out in the basin area, for which special measures of monitoring, protection or use apply. A groundwater body is a part of an aquifer or multi-aquifer system, which is important for drinking water supply, or which, due to natural or anthropogenically caused features or conditions is different from the groundwater aquifer or the multi-aquifer system. 

Having analysed all the available information and identified those measures of management that could be used to ensure protection and rational use of groundwater resources, the definition of a body of groundwater was developed.

	A body of groundwater is an element of an aquifer or a complex of aquifers, set out within the area of a surface water body, which is important for drinking water supply, or which, due to natural or anthropogenically caused features or conditions is different from the groundwater aquifer or the complex of aquifers; and in which special management requirements and measures have to be established to ensure the maintenance of water resources.


EU Directive 2000/60/EC, allows using individually elaborated typology of groundwater bodies for characterisation of groundwater status in a Member State and in the framework of a river basin. At the same time the Directive does not include guidelines for the development of such typology, leaving it up to the competence of each country. Paragraph 13 of the Preamble to the Directive states that there are diverse conditions and needs in the Community which require different specific solutions. Furthermore:

	decisions should be taken as close as possible to the locations where water is affected or used. 


On the basis of these assumptions the definition of a groundwater body was developed and types of groundwater, characteristics for Latvia were identified.    

	A groundwater body is characterised by uniform geological structure, lithological composition of rocks, quantitative and qualitative status of groundwater. Boundaries of a groundwater body must be set on a horizontal plane and in cross-section. Groundwater body is marked on the map as a projection of its borders on the land surface. Using geological stratification, the boundaries of the groundwater body in cross-section must be defined. 


Groundwater bodies are classified depending on the reason for distinguishing them:

· areas, important for water supply;

· areas, important for preservation of water resources;

· areas where it is necessary to limit spreading of pollution;

· natural hydrochemical anomalies.

Paragraph 5 of Article 4 of the EU Directive 2000/60/EC provides that:

	Member States may aim to achieve less stringent environmental objectives than those required under paragraph 1 for specific bodies of water when they are so affected by human activity, as determined in accordance with Article 5(1), or their natural condition is such that the achievement of these objectives would be infeasible or disproportionately expensive.


On the basis of this paragraph of the EU Directive 2000/60/EC, depending on the reason and purpose of distinguishing, for each water body individual water quality standards are set and basic requirements to management are developed. General measures, ensuring rational use and protection, are defined for each class of groundwater bodies. The following types of groundwater bodies are identified in the territory of Latvia:

1. Fresh groundwater deposits for drinking water supply:

1.1. Currently used;

1.2. Prospective.

2. Intensive infiltration areas – regional recharge areas of artesian fresh groundwater aquifers;

3. Areas of intensive groundwater pollution.

4. Areas of hydrogeochemical anomalies.

Fresh groundwater deposits for drinking water supply. To ensure sustainable centralised water supply to cities and settlements, and to ensure protection of groundwater resources against pollution and depletion, hydrogeological survey  must identify the optimal aquifer or the complex of aquifers and the most suitable place of well field. The volume of abstraction and the respective scheme of well field are calculated. Protected zones around well field are also calculated. The area of chemical protection zone is considered to be the territory of the groundwater deposit site; its area and configuration depend on the geological and hydrogeological conditions, water abstraction volume and the length of use of the deposit (usually assumed to be 25 years). 

Prospective groundwater deposits - are identified as a special groundwater body. The decision on the identification and research of such water bodies could be taken by the Basin Administration or the relevant municipality. 
Intensive infiltration areas – regional recharge areas of artesian aquifers. These groundwater bodies are identified by way of geological mapping and hydrogeological modelling. These are the areas where geological and hydrogeological conditions are favourable for intensive infiltration of atmospheric precipitation into groundwater and lower artesian aquifers. To prevent groundwater resources from pollution and depletion, it is necessary to preserve natural hydrodynamic and hydrochemical conditions in these areas; therefore specific protection requirements should be set. 

Areas of intensive groundwater pollution. In those areas where significant groundwater pollution is found (poor groundwater quality by several components), to ensure monitoring of the pollution area, protection of human health, and to prevent pollution from spreading, it is necessary to establish specific management conditions. Due the above-mentioned reasons pollution areas are defined as type of groundwater bodies.

Areas of hydrogeochemical anomalies. As a result of various hydrodynamic and hydrochemical processes, in some areas, and aquifers, hydrochemical anomalies are found – groundwater of poor quality which does not correspond to overall quality of the groundwater aquifer (it can result from dissolution of gypsum, intrusion of sea water or mineral water of lower-lying strata, peat and mud decomposition processes). To avoid acceleration of these processes and to control the development trends, special management and monitoring requirements should be set for these water bodies; it should also be taken into account in the planning process of the development of the area. 

Necessary measures for implementation of the Directive in Latvia:

· Identification of stratification and distribution of aquifers and multi-aquifer systems in river catchment areas;

· Identification of groundwater bodies in the framework of the rivers basins; their classification in accordance with the accepted typology of groundwater bodies;

· Establishing precise boundaries of groundwater bodies on a horizontal plane and in cross-section;

· Establishing precise geological, hydrodynamic and hydrochemical conditions in each groundwater body;

· Identification of anthropogenic load in each groundwater body.
Directive 2000/60/EC or other EU documents do not define groundwater quality indicators 

Human activity can lead to pollution of groundwater or to depletion of water resources in case of excessive use. Therefore quality criteria for groundwater should provide the possibility to assess potential threat of the change of status. 

To assess the existing groundwater status and to develop measures for its improvement (where it is other than “good”), and for the monitoring of the results of these measures, it is necessary to develop classification of groundwater quality. The natural groundwater quality differs considerably across the territory of Latvia. Different rocks, containing groundwater and a variety of hydrodynamic conditions, determine the groundwater quality. Various and different groundwater quality classifications have been developed in Latvia in the course of time, however, for the most part, they fail to meet the requirements of the Directive 2000/60/EC, which establishes framework for the European Community action in the area of water protection policy. Besides, they do not reflect the typology of groundwater bodies of Latvia, developed for the purpose of implementing this Directive. 

On the basis of the currently available information, the natural background condition for fresh groundwaters in Latvia on national level was established. 

EU Directive 2000/60/EC provides that:

	Good groundwater status means the status achieved by a groundwater body when both its quantitative status and its chemical status are at least good.


On the basis of the provisions of the Directive 2000/60/EC and on the basis of all data analysis, it was decided to establish the following fresh groundwater quality classes:

Groundwater of good quality – groundwater of natural quality or with slight pollution. 

The content of characteristic components of natural origin does not exceed regional background concentrations, or there is evidence of small amounts of anthropogenic pollutants the concentrations of which do not exceed quality requirements for drinking water. Concentrations of pollutants do not exceed limit values (except for specially identified groundwater bodies).

Poor quality, polluted groundwater – groundwater in which concentration of natural components exceed the limit values, or in which pollution is found, including hazardous substances, priority substances or substances under Appendix VIII of the Directive. Specific pollutants are not characteristic for natural groundwater, therefore no background concentrations for them have been established, and their presence is not acceptable in groundwater, the quality of which on the national level or basin level is assessed as “good” 

For pollutants as an indicator of poor groundwater quality is assumed to be the sensitivity of analytical methods because evidence of these substances in groundwater is an unquestionable indicator of their pollution.

Pollution criteria should be established for the pollutants, included in the Indicative List of the Main Pollutants (Appendix VIII of the Directive), and for the priority substances (Appendix X).

Taking into account the large diversity of groundwater quality across the territory of Latvia in general, and the changeable quality on horizontal plane and in cross-section, also in each of the aquifers or complexes of aquifers, used in water supply, the natural background concentrations characterise only a part of the fresh groundwater, existing in Latvia. Therefore it is useful to set out separate elements of management in the basin area, namely, groundwater bodies, and to establish different quality criteria for each type of the groundwater bodies, identified in the basin area:

· Groundwater deposits;

· Recharge areas for Artesian groundwater aquifer;

· Natural hydrochemical anomalies of groundwater;

· Areas of intensive groundwater pollution.

In the State Geological Survey the available information on the identified hydrochemical anomalies in Latvia is collected and systematised. By the processes, causing the formation of hydrochemical anomalies, the following groups were identified: intrusions of sea water, injections of deep mineral waters into tectonic fault zones, dissolution of gypsum, decomposition of peat and mud. In these groups maximum concentration (concentration limit value) of natural components was established, by which groundwater of these groups are divided into quality classes in accordance with the requirements of the EU Directive. 

Natural hydrogeochemical anomalies

	Origin of anomaly
	Possible distribution
	Parameters


	Maximum concentration

 

	Intrusion of sea water
	Up to 100 - 300m wide 
	Dry matter
	
	10 000

	
	area along the sea shore and 
	Na+
	mg/l
	3 000

	
	river mouths
	Mg2+
	
	200

	
	
	Cl-
	
	6 000

	
	
	and other components in proportion to the degree of dissolution of sea water 

	
	
	

	Injection of deep 
	in Daugavgrīva, Carnikava,
	Dry matter
	
	2 200

	mineral waters into 
	Ādaži, around Ķīšezers, 
	Na+
	
	300

	tectonic fault zones 
	Baltezers and Juglas lake,
	K+
	
	23

	
	in the mouths of the  Lielā un Mazā
	Ca2+
	mg/l
	280

	
	Jugla
	Mg2+
	
	130

	
	
	Cl-
	
	900

	
	
	SO42-
	
	500

	Dissolution of gypsum
	In central and south-west Latvia, in the area 
	Dry matter
	
	3 000

	in carbonic 
	
	Ca2+
	mg/l
	700

	deposits
	Ieriķi - Dzērbene, in Alūksne
	SO42-
	
	1 800

	Decomposition 
	In bogs, cutoff sectors of rivers,
	Ntot.
	
	15

	of peat and mud 
	modern areas of formation of sea deposits 
	N/NH4+
	mg/l
	10

	
	
	P/PO43-
	
	3

	
	 (in Jūrmala, Riga 
	Phenol
	
	0.03

	
	and Jelgava districts etc..
	COD
	mg O2/l
	150

	
	coastal lowlands)
	BOD5
	
	20


Summary

The developed groundwater management system for different degrees of detail sets guidelines that allow to implements the main requirements of the EU Directive 2000/60/EC, related to the assessment of groundwater status, individual approach to setting quality objectives and the development of protection and management requirements and programmes. Nevertheless, what is offered is only theoretical material, developed on the basis of the available data. And it should be considered mainly as guidelines for future work. To ensure implementation of the Directive requirements, extensive and purposeful study is needed. To establish quality criteria for all groundwater types, and to set quality objectives, it is necessary to carry out study and analysis, needed for groundwater quality mapping, in accordance with the ISO standards, in all river basins. Special attention should be paid and initial study should be carried out across all the territory of Latvia, for mapping the distribution and quality of shallow groundwater. Shallow groundwater is directly linked with surface water bodies and ecosystems, and its quality and quantity can have a direct impact on the status of surface water bodies and ecosystems. Currently in Latvia there is no information of sufficient quality, representativeness and detail to ensure the assessment of distribution and status of shallow groundwater in accordance with the requirements of the Directive.

For the improvement of groundwater quality assessment criteria, one of the first tasks is – to develop such quality criteria for groundwater, used for drinking water supply, which could be applicable, when characterising and assessing groundwater deposits and areas of intensive groundwater recharge.

Attention should be paid to international co-operation in the assessment of the status of groundwater aquifers or complexes of aquifers, as well as in management and the development of monitoring and protection strategies. It is necessitated by the fact that the distribution area of practically all artesian aquifers, used for water supply needs in Latvia, exceeds the boundaries of Latvia and they are in common with Estonia, Lithuania, Russia or Byelorussia. Therefore international information exchange and activity co-ordination system would be necessary.

At the same time it should be noted that pollution of groundwater is to a great extent connected with pollution of other natural resources (surface waters, atmosphere, soil). Therefore groundwater protection measures should be part of the common environmental protection planning. That is why establishing relevant quality criteria for soils and rocks is as important as improving classification for groundwater quality assessment. Both of these classifications and the criteria or limit values should be based on a common methodology and mutually related. This will allow making predictions about pollution of groundwater, when pollution of soil or rocks is identified.  

Protection of groundwater should be based on preventive measures, aiming at the prevention of pollution and depletion. These measures include: 

· calculation and accepting of groundwater resources;

· groundwater monitoring and integral monitoring; 

· geological, hydrogeological and hydrochemical mapping;

· choice of optimal alternatives for sites of economic activity and depositing waste; 

· environmental impact assessment procedure and geoecological expertise; 

· establishment and observation of protected belts around water abstraction points.

The governments should develop and approve of a long-term groundwater protection policy to prevent them from pollution and depletion. This policy should be based on a complex approach, co-ordinated with other measures, aimed at rational use of water resources, and this requirement is mandatory for all levels of action.
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