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Introduction

responsible for the Environment, Consumer Protection
and Muclear Safety

Trig palance of groundwater fesources in the
Community is an estimate of these resources
designed primarily to be of use to water
management and planning authorities and,
more generally, to national and Community
decision-makers. This study has been per-
formed at a scale such as to allow the
homogenization of the results and to ensure
their consistency as well as meaningful
comparisons between Member States. It
provides a picture as complete as possible at
Community scale of the distribution and
availability of groundwater.

One of the first international studies of its
kind, it is original on several accounts:

—~ From the viewpoint of the results, the
study provides the necessary elements for
national and community groundwater
management, especially by collecting and
analyzing — in many cases for the first
time — data which are usually dispersed;
it also identifies gaps which should be
filled for rational management of this
important resource.

- From the technical viewpeint, the
study, by introducing a regionalization
both scientific and administrative, has
displayed the problems of managing
groundwater, within a framework which
can also be used for political decision
making.

- From the methodoiogical viewpoint, the
fact that the study has been carried out
by nine teams, one from each Member
State, under a project leader has made
it possible to compare and harmonize
approaches and methods used in the
Member States.

The results and methodology should be of
widespread interest.






Introduction

The Commission of the European Commu-
nities presents the balance of groundwater
resources in the Community.

For the first time, a picture as comprehensive
as possible at Community scale is given of
the aquifers and their availabilities, The study
deals with four main themes. Each is illus-
trated by 38 (1:500000) maps together
covering the entire Community (i.e. a total
of 152 maps, about 50X 80 cm on average)
and is explained in detail in 10 reports, one
for each Member State and a general survey.

Greece joined the European Community on
1 January 1981, when the studies for the nine
other Member States had already been
made,

itis for this reason that Greece is not included
in this report. Work on Greek underground
waters started in 1982 and the information for
this Member State will be integrated subse-
guently into the complete report.

The themes are:

- Inventory of aquifers: location ; geometric,
lithological and stratigraphical character-
istics; type {unconfined or confined);
permeability (interstitial of fissures and
karst):

— Hydrogeology of aquifers: transmissivi-
ties, direction of flow, water exchange
between rivers and groundwater, and
specific problems such as the intrusion
of seawater;

A. Andreopoulos
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- Groundwater  abstraction:  abstractior
densities, large pumping stations;

- Potential additional groundwater resour-
ces: factors such as replenishment, use
and water management imperatives are
all taken into account in a geographical
classification of the areas in which there is
a possible surplus, areas in which there is
a balance, areas in which resources are
now known to be over-used under present
abstraction policies and finally areas lack-
ing adequate groundwater resources.

For several Member States this inventory is
the first complete cataloging on their own
national water resources. The study collates
as far as possible all data which would
otherwise be dispersed and, in many cases
processes them for the first time.

This inventory is not only an essential
instrument of Community groundwater
management. It will also be extremely useful
for the knowledge and management of
groundwater resources, thanks to the orig-
inal evaluation method, which combines
both a hydrogeological and administrative
regionalization on a network adapted to
national administrative units. This makes
it very easy to use for management and
modelling taking into account administra-
tive and political features.

Special symbology has been devised to
ensure uniform mapping of the results
throughout the Community. This makes the
information more accessible to the layman
without sacrificing any of the technical quality
of the information.
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Thits vepurt Ls a syninesis of the main data concerulung the evaluaClion ol Lhe
groundwater resources of the Community. It stresses the significant features of
this groundwater balance at Community scale. The evaluation is based upon four
themes, the inventory of the aquifers, the hydrogeoleogy, the exploitation, the
additional resources j a chapter is devoted to each theme consisting of a compa-
rative study of the Member States allowing a better approach of the problems at
Community level and, completed by detailed explanations about the cartography,

a better global understanding of the thematic maps. For instance, the aquifers

are listed for each Member State, classified by age and size, immediately stressing
the important aquifers ; also given are tables of groundwater uses by region and
Member State. General informatiom, like the uses, the exploitation trends, the
water industry in the Member States are provided in specific chapters. This report
is completed by an introductory chapter briefly presenting the study and its aims,

the methodology, the cartographic principles and the consultants.






Chapter 0

CGENERAL INFORMATION ABOUT THE- STUDY

U.1. PURPOSE OF THE STUDY

Preliminary studies undertaken by the Commission of European Communities on
the availability of water resources in the Community have shown. that these resour—
ces are globally adequate to cover the expected needs of all users up to the
year. 2000, i i } ; )

It is an interesting indication, involving that the water problems in. the
Community are management problems and not really resources problems. Of course,
such global evaluations are not sufficient because they do not show what are the
management problems and where they are located in the Community : for instance,
they tell us that Italy has larger water resources than France without stressing
the fact that these resources are localized mainly in NorthemItaly while French
resources are more homogeneously distributed ; or they neglect the fact that main
users often are located in regions_where_local resources are nok gufficient.

Availabilities of water resources vary with time and space,. lt. is thus neces-
sary to obtain an image of the regionalized distribution of water resources,.
taking into account both the quantities of water and their distribution in time
and space, as a basis for their management. . _

The major part of the freshwater resources of the Community being made up
of grounduater*and, furthefmore, the drcugﬁt of 1975-1976 having displayed the
vulnerability of the water supply systems in Member States and showed the
advantage in using gfaundwater as'a sﬁpply not too dependent on climatic varia-
tions, the Commission of European Communities has emphasized the actions of
protection and managément of groundwater resources by recommending a prierity

use of groundwater, considered as generally being of good quality, for human

# A rough estimate of the percentage of groundwater versus total drinking water
in 1976 has yielded : 98 % in Denmark, 93,Z_in,1caly, 71 % in the German
Federal Republic and Belgium, fO % in Luxemburg, 64 Z in the Netherlands,

50 % in France, 31 7 in the United Kingdom, 15 % in Ireland. These figures are

actualized in this report.




consumption, by protecting aquifer and pumping stations against polluction, by

defining the characteristics of surface water for natural or artificial aquifer
recharge and by improving the presentation and consistency of national balances
of available resources and potential needs (Environmental Programme 1977-1981).

The Eurcpean Parliament did also show great interest about European ground-
water and asked that a map of groundwater resources be made by the Services of the
Commission (January 1977).

The present study has been undertaken to obtain a quantitative assessment of
the groundwater resources of the Community using a regionalization both hydro-
geological and administrative of the Member States. Its aim is to provide water
managers and planners at regional, national and Community levels with ‘a true
image of the available quantities and distribution of groundwater in the Community
in present conditions of recharge and exploitation at such a scale as to allow a
harmonization in the presentation and consistency of the results and to supply
valuable comparisons between Member States. Tt id also aimed to estimate the
development potential, both with regard to quantities of groundwater and to areas
where such additional abstraction might be undertaken.

The results of this study should be of help to decisions-makers for a better
exploitation and expleration of groundwater resources. They should also point out
priority domains of study and development in water management projects, subject
to direct help from the Commission of European Communities or the European Bank
of Tnvestment. Furthermore, they should be introduced in the ecclogical mapping
of the European Community territory in order to better evaluate potential and

pressures of the medium concerning water supplies.

0,2, FEASIBILITY OF THE STUDY

The time limits of the Environmental Programme implied the realizatiom of
the study within a year, which, in addition to the strict financial constraints,
involved the use of existing data only, excluding any additional field work.

The analysis of the project did show some other difficulties :

. scientifie difficulties, as the groundwater resource depends on dynamic
as well as management parameters, which in many cases can only be estimated from
various semi—empirical formulae the application of which is greatly dependent upou
the know=how and intuition of the hydrogeologist.

difficulties related to the scale of the study and particularly of its
cartographic representation : due to the different sizes of the Member States,
the realization of a given common objective could imply & working scale not
practical for some States ; besides, a balance had to be found between a large

scale, involving the processing of too many data resulting in maps difficult to



read due to an excess of information or requiring too many maps at a high cost,
and a small-scale, involving a loss of information and of interest.

. difficulties related to the heterogeneous distribution of infermation,
some heavily exploited areas presenting many data while other areas are virtually
unknown hydrogeologically.

. difficulties related to the relative importance each Member State attributes
to groundwater as a function of its use (preoccupations in Denmark, where it
constitutes 98 % of the drinking water, differ from theose in Ireland where it
constitutes only 15 to 20 % of drinking water) and, also, to the various management
criteria and conflicts within a ‘given Member State.

. difficulties related to the types of administrative management of the hydro—
geologieal data in each Member State, frequently scattered between several adminis-
trations sharing competence and responsibilities.

Preliminary investigations among the Member States showed that the existing
data were sufficient to fulfill the objectives of the project with a useful
accuracy within the span of time considered by the Commission. They pointed out
the interest of the Member States to the realization of the project : at the
economical level of the management of their own groundwater resources, the
project gives the Member States the opportunity to analyze the existing national
studies, to assess the state of knowledge of their resources, to focus attention
of various authorities on groundwater ; at the scientific level of the hydrogeo-
logical knowledge, it provides a basis for comparison and harmonization of
concepts and methods. This interest was such that, in most cases, the Member
States have contributed to the project, either directly by financing part of it
or undirectly by providing technical support.

In order to overcome the various difficulties of the project, a methodology
was imagined, allowing efficient multinational work in hydrogeology in the context

of the European Community.

0.3. METHODOLOGY OF THE STUDY

The study was realized by nine consultants or groups of consultants, one per
Member State, one consultant for cartographie problems and a coordinator, leader
of the study. All are listed in § 6 below. The methodology is based on active
cooperation of all censultants on fundamental problems both scientific and techni-
cal allowing the adoption of common concepts well adapted to the specific knowledge
of groundwater in each Member State.

To harmenize the scientific approaches, sometimes rather different from one
Member State to another, and the presentation of the results in a common frame,

a panel was formed comprising the coordinator and staff members sent by each




consultant. In a series of meetings convened in Brussels, the panel debated
fundamental questions, such as scale problems, the definition of groundwater
resource, the validity and significance of the evaluations of potential addi-
tional resources ; it also discussed technical questions like the choice of

the cartographic support, the choice of ranges for abstraction rates, the defi-
nition of large abstractions. Adopted unanimously, the decisions of the panel
were then compulsory and had to be applied by the consultants. Particular pro-
blems to each consultant were examined during bilateral meetings between the
coordinator and the consultant and if they appeared to be of general interest;
they were brought to the attention of the other consultants either directly or
during a meeting of the panel. Transfrontier problems were given special atten-
tion by the concerned consultants, especially for the harmonization of: the: hydro—
geological data along the borders of Member States.

It must be emphasized that this method of work has been given full support
by all consultants and as such represents a very interesting and successful
sociological experience of work in common by an international team leading . to
a homogenization of European hydrogeological concepts and approaches and allowing

2 better understanding of each other problems.

0.4. PRESENTATLON OF THE STUDY

The evaliiation of groundwater resources is organized in four themes :

. the inventory of the aquifers : the aquifers are located geographically,
their geometrical, geological and lithological features are described as well
as their types (phreatic or confined) and flow ¢haracteristics (intersticial,
fissured, karst).

. the hydrogeology of the aquifers : the given hydrogeological information
includes transmissivities and piezometry where available and significant, ground-
water f£low, relationship with surface waters and between aquifers j it also
introduces specific hydrogeological problems like the occcurrence of salt water
intrusion.

. the abstraction of groundwater : the geographical distribution of abstractlou
densities computed over a significant grid system is presented, as well as the
Jocation of large abstraction sites.

. the potential additional groundwater respurces : considering the recharge
and the exploitation, taking into account possible management constraints , the
geographical distribution of potential additional groundwater resources is pre—
sented, showing the zones. of possible surplus, the zones of actual equilibrium
between the resources and the abstraction, the zones presently overdeveloped and

of course the zones without significant groundwater.



The first two themes present a purely hydrogeological regionalization of
groundwater, aquifer per aquifer, whereas the last two themes are based on an
administrative regionalization, which is introduced by means of a grid system
made up of administrative decision units corresponding to the features of the
water supply industry in each Member State and also related to the hydrogeolo-
gical situation in each regiom.

The results of this study are provided in ten reports, one report per
Member State and the present synthetical report, and four sets of maps, each
set corresponding to one of the above defined themes.

The national reports are organized per regions (i.e. per large water admi-
nistrative units, like a river authority or a province), one chapter per region
gathering the four parts of the information ; a general chapter is added, giving
the main features related to groundwater. Each report contains the description
of the aquifers, an evaluation of the groundwater abstractions, a description
of its uses, an estimate of the groundwater resources present and potential, am
outline of particular problems, a presentation of ‘the data collecting systems
and -of the computation and approximations procedures used to process the data
and to obtain the maps, and of course 4 complete list of references.

The synthetical report is organized per theme, stressing the features of
groundwater evaluation which are significant at the Community level.

It is based upon the data given by the consultants in the national reports

and during the various meetings with the coordinator.

The maps represent the bulk of the study, synthesizing the information of
all Member States and providing the working basis for an easy comparative study
of their groundwater resources, They are meant to be easily understood by nom
specialists of hydrogeology, especially planners, and their legends were conceived
to be simple enough, to clearly emphasize the main aspects in each theme, while
gathering all necessary information to fulfill the objectives of the groundwater
evaluation.

Maps | and 2 are as complete as possible thanks to a graphical representation
of up to three superimposed aquifers ; where three dimensional problems could not
be solved in that way, the maps have been completed by cross-sections ; some cross-
sections may also appear in the reports.

Themes 1, 2, 3 are based upon facts whereas theme 4 is based upon estimates
given with assumptions which vary from country to country and sometimes even
within a given country. Thus maps & must be read together with the national
reports 3 in chapter 5, we describe and compare the various approaches to the

available resource as a key to a better understanding and correct use of these

maps 4.




0.5, TECHNICAL FEATURES OF THE STUDY

0.5.1. 5Scale

Considering that too large a scale involves a loss of regularization of the
results , ilnvolving an  impossibility of comparing them and unaccurately stres—
sing the importance of areas already well developed with respect to other areas,
but also considering that too small a scale would handicap the smaller Member
States and result in a loss of information, it was decided that the best suitable
scale for this study was 1/500 000.

A time scale was also introduced to obtain results valid on a long term basis
and yearly averages were made for the most significant years obtained by an analysis

of the abstraction trends.

0.5.2. Grid system

A grid system has been introduced which is the basis of the representation
of the distribution of abstraction densities and available resources. Introducing
groundwater hydrology parameters, like the transmissivities, it could also provide
a basis for future management modelling at the Community scale.

It is specific to each Member State and limited by the political boundaries
of the Member State. It is made up of varying meshes, usually administrative ele-
mentary units, chosenby the consultant to best fit the local situation with the
only requirement that the meshes assemble to form water administrative decision
units and/or hydrogeclogical units.

The grids chosen for the nine Member States are defined as follows
. Belgium : the units are subdivisions of the provinces called economical sectors,
defined by the "administration de 1'urbanisme, Ministére des Travaux Publies" in
1974. They are economical units for which there exist projects of land use with
maps and description. They fit the geology rather well, Their number is 48, with
an average area of 630 km® .

. Denmark : the units are administrative, counties subdivided into communes. The
county delivers the licenses for abstractiom ; in case of low quantities, it is
the task of the commune. There are 14 counties and 242 communes, with areas
varying from 9 km? to 584 km® with an average order of magnitude of 100 - 200 km®.

. Federal Republic of Germany : the units are administrative, the States (Bundes-

linder) subdivided into Landkreise (with the major cities or Kreisfreiestddte
included in the nearest Landkreis). There are about 260 Landkreise with average

areas of 900 km’.
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- France : the units are administrative, the "arrondissements" subdivided by
watershed limits and sometimes geological limits. Larger units are the Watershed
Agencies (Agences Financigre de Bassin). There are about 1 500 meshes with average
areas of 300 to 600 km® ; meshes corresponding to alluvial aquifers are smaller,
of the order of 100 km®.

. Italy : the units are both administrative and hydrogeological. They are regions
(20) subdivided into provinces. Within each administrative unit, hydrogeological
units have béen defined based on wvarious eriteria such as purely hydrogeological
criteria or surface water divides or the distinction between mountainous areas

and plains. The areas of the units vary from 200 to 2 000 km®.

. Ireland : the units are thé Water Resource Regions (7), comprising groups of
major- river catchments, together with neighbouring smaller catchments and coastal
areas. They were defined in 1970 by An Foras Forbatha '(National Institute for
Physical Planning and Construction Research) and they are "of such a size that
all the water requirements of each region can be supplied from the available resour-
ces within each region'". They are the basis for future water resource management
in Ireland.

These regions are subdivided into units with areas of 100 kn* to 1 000 km® the
boundaries of which generally coincide with surface water divides. (109 unics).

. Luxembury : the units are administrative, the "canton" with areaé varying from
60 km® to 300 km®.

- Netherlands : the units are administrative, composed of the 12 provinces subdi-
vided into districts chosen according to hydrogeological, quality or geological
considerations. A district can be almest a whole province in some cases or much
smaller. Their areas vary a lot with an average of 500 km? to 750 km®. The pro-
vinces are going te play an important role in the new water supply organization.
. United Kingdom : the units are the 10 Water Authorities of England and Wales,
Scotland and Northern Ireland, i.e. 12 regions altogether. Each of these regions
is further divided into units defined on hydrogeological criteria as well as
regsource estimation or aquifer manageﬁent criteria, with areas varying from

80 to 13 000 km® with an average order of magnitude of 500 = 1 000 km”.

0.5.3. Cartographic features

The cartographic support is the map World 1404, at the scale 1/500 000,
which allows a homogeneous presentation on sheets perfectly connecting and
without distorsions. The numbering of the World 1404 sheets is given on
figure (.1,A reassembling of some of the sheets has also been made to prevent u
waste of space and too much discontinuity in the presentation ; figure 0.2 gives
the adopted distribution of sheets and their numbering in the project. Their

heights are all of 64 cm while their widths vary due to required recombinations
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and irregularities in the longitude cutting of World 1404, in any case not
exceeding 95 cm:

The UTM kilometer grid exists on all sheets and may be of use for ecological
cartography, but for the sake of simplicity it has only been started in the
margins, For the same reason, only the base plates containing the contour lines
and ‘the hydrography have been retained from the original map.

An . interesting feature has been introduced to link the movements of ground-
water to the.various aspects of its evaluation : the map illustrating the hydro=
geology (theme 2) is transparent and can thus be superimposed on all other maps.

Although inspired by the UNESCO hydrogeclogical legend the legend used here
has been made to fit the specific European conditions. Its features are presented
in the chapters related to each theme. But it must already be stressed that rather
extensive discussions among the consultants were devoted to the choice of the
parameters to be represented on the maps and to the definition of their cartogra-
phiec representations with colours ind symbols..It was felt that the good level of
details of the study correspondiung to the choseén scale and to the aims of that
study would be best reached through a thorough evaluation of the mapped parameters

and their cartographic expressions.
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Chapter |

GENERAL INFOBMATION ABOUT GROUNDWATER IN THE COMMUNLITY

i.1. GENERAL FEATURES RELATED TO GROUNDWATER RESOURCES

Groundwater resources depend on many physical facters such as the geology,
the topography, the climate, the pluviometry, the hydrography, the hydrology, the
land use, the vegetation, the evapotranspirationi Although a general description
of these factors at the Community level is possible, we think that such a descrip-
tion, certainly interesting from a geographical point of view, would net help to
understand the various aspects of groundwater resources which are all very much
regionalized. But at the level of each Member State, this information is useful
because its regional features can be well presented without being either too
general or too detailed and their influence on the resource is then correctly

perceived. Each national report thus contains a chapter describing these factors.

f.2, THE WATER INDUSTRY

To know the legal and practical aspects of water, especially groundwater,
managemént in the Community helps to better perceive the difficulties that had
to be met during the present study and which relate to the sources of the data,
to the means of obtaining them, to their accuracies, to their numbers and densities
in time and space. Each Member State has its own water structure from Denmark
where every abstraction is licensed and usually recorded to France where everybody
has the right to operate wells and where returns are made above thresholds varying
from Agence de Bassin to Agence de Bassin., We shortly review the main features of

the water industry in the various Member States.

1.2.1. Features of the water industry in the Member States

. Belgium : groundwater is abstracted and supplied by many supply companies,
intércommunal societies and single communes. The Ministére de la Santé Publique
sometimes helps financially these various societies to establish new abstractions

and distribution nets. This Ministére is competent for all questions relating to
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the distribution of drinking water, the fimancial helps, the control of water
quality, the protection of water abstracted for publiec supply ; these problems
are also examined by the Conseil Supérieur des Distributions d'Eaux composed of
representatives of the Ministére de la Sant@ Publique, of the public supply
companies, of the provincial technical services, of the Ministéres des Travaux
Publics, de 1'Agriculture et des Affaires Economiques. The Geological Survey

is responsible for hydrogeological studies and the implementation of groundwater
ahstraction regulations.

Since 1947, every public or private groundwater abstraction above domestic
needs as well as long lasting drawdowns must be authorized by the Minist@re des
Affaires Economiques, in an attempt to protect the resources ; abstractions are
divided up into two classes, the abstractions of class | being smaller than
96 m?/d and those of class 2 larger than 96 m’/d . Class | abstractions must

only be declared whereas class 2 abstractions must be authorized.

. Denmark : groundwater is abstracted and supplied by single wells or dug wells
{for a great number of farms and small househelds), small private waterworks
acting as cooperative secieties in villages, rural districts and urban areas,
municipal waterworks supplying major cities and even rural districts.

The Water Supply Act (1973) is the legal frame for groundwater utilizatiom :
averybody can withdraw groundwater on his land for domestic purposes.; for all
other purposes, above 3000 m®/a the abstractions have to be licensed either by

the county or, in case of low quantities, by the commune.

Federal Republic of Germany : the water industry is organized by Bundesland.
In each Land, a Ministry is the highest water autherity (Minister fur Ernahrung,
Landwirtschaft und Forsten in Niedersachsen or Minister fur Umwelt, Raumordnung
und Bauwesen in Saarland, for instance), responsible for water supply companies,
the water protection, the constructions in the water industry. (Oberste Wasser
Behorde). Each Bundesland is divided .into Regierungsbezirke and gach Regilerungs-
bezirk into Wasserwirtschaftiamter (local authorities). Authorizations of water
abstraction ‘are given by the Obere Wasser Eehdrde at the level of the Regierungs-
bezirk while the Wasserwirtschaftimter controls water abstraction and local water

management. To allow common work at federal level, the LAWA (Linderarbeitsgemein-
schaft Wasser) has been established among the Bundeslander.

Public water is supplied by about 1500 water companies mostly private and
working on a local basis. The industry receives its water partly from these

water companies partly from its own waterworks.

. France : groundwater abstraction is free within some limits of use, depth of
wells, rate of abstraction, land protection ; outside these limits, it has to be

declared and may be submitted to authorization :



all abstractions for public collectivities are submitted to authorization 3 this
is also the case in some regions for all abstractions over some depth, while in
the other areas non dome=tic groundwater abstracted at more than 8 m®/h must be
declared ; of course the protected zones (for instance the protection zones of
wells) are ruled separately.

Water for public supply (drinking water) is provided by communes, intercommu-
nal waterworks and private companies (the latter supply about 50 % of the popula-
tion). Water for the industry and agriculture is provided by private people and
in some part by agricultural or induscrial syndicates.

The control of groundwater quantity and quality is placed under the responsi-
bility of six Agences Financiéres de Bassin which cover one or several river basins.
The Agences contribute to the making of research studies and works of common
interest to the watersheds they control ; they manage data banks of all abstractions
over some threshold which vary with the Agence (from 7200 m*/a for Adour Garomne

to 100000 m’/a for Rhin Meuse) and for which the users are taxed,

. Italy : each region is autonomous for water problems, under the competence of
the Ufficio del Genio Civile. Two phasés are defined i search for water and exploi-
tation. In the search phase three zones are defined ; zones without' supervision of
the Public Authority (the majority) where all search is free, zones with supervision
where a license for investigation must be obtaipned from the Public Authority with
a few exceptions and zones where the State only can investigate. In the exploitation
phase, all expleited water must be declared to the Public Authority.

Practically, drinking waters are managed by communal supply services
{azienda communale per la distribuzione delle acque) and by very few private
waterworks and, in Southern Italy, temporarily by the Casa per il Mezzogiorno.
Waters for agriculture are supplied by a great many private wells and some agri-
cultural syndicates, financed by the State (Consorzi di Bonifica). Industrial
plants have their own wells ; there are a few industrial syndicates (consorzio

industriale).

. Ireland : the local authorities (County Councils, County Borough Councils, Urban
District Councils) are responsible for public water supply, sewerage and pollution
control in their own areas but not for water resource management,

Many industries have their own water supply while part of the water for
agriculture and small industry comes from the public supply. There are no water
companies and no licensing system. Water for domestic purposes is not measured.

Seven Water Resource regions, comprising groups of major river catchments,
together with smaller catchment and coastal areas, have been established in 1670 ;
until now they have only been used for some surface water studies but should form

the basis for future water resources management.

il
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Luxenburg : groundwater is supplied by water syndicates, semi-autonomous companies
and private wells. There is .a law on groundwater protection, which applies only to
the Grés du Luxembourg (Luxemburg Sandstones), which states that an authorization
must be asked for each abstraction. For -all the other aquifers, there is no licen-

sing system and pumping is free.

. Netherlands : until now, all groundwater abstractions for public supply must be
licensed, the license being granted by the Minister of Public Health and Environ-—
mental Protection upon approval by a national Committee composed of representatives
of warious ministries, while industrial abstractions are under the responsibility
of provincial authorities. A new groundwater law should be implemented soon
giving the main role to the Provinces, which will prepare a plan for groundwater
management and will be responsible for all abstraction licenses. Returns will be
made annually. Groundwater quality is protected by provincial regulations but a
new law should take care of this problem rather soon.

Groundwater for public supply is provided to 99.5 7 of the households and to
industrial plants by a hundred waterworks composed of municipal companies and inter-
communal limited liability. companies and a few private companies. Groundwater

abstractions feor the industry and agriculture are mainly private.

. United Kingdom : in England and Wales, ten water authorities manage all aspects

of water services such as development and conservation of water resources, water
distribution and supply, thé prevention of pollution, sewerage and sewage treatment,
river management, land drainage, sea defences, recreation and fresh water fisheries.
Their boundaries are natural hydrometric limits. 28 statutory water companies supply
water as agents of the water authorities while, often, local authority district
councils act as ‘agents of the water authority for the design, construction, opera-
tion and maintenance of public sewers in their areas. The Wational Water Coucil
advises the Ministers on national water policy and provides a forum for discussions
and exchanges on all aspects of the water industry.

In Scotland nine regional and three island councils are responsible for public
water supply, sewerage and sewage disposal while the Central Scotland Water Develop-
ment Board has to develop new major sources of bulk supply for the water boards in
the populous central belt of the country. Seven river purification boards are
responsible for the regulation of discharge of effluents to rivers. The Secretary
of State for Scotland has overall responsibility for the conservation of water
resources, the provision by water authorities of adequate water supplies and the
cleanliness of rivers.

In Northern Ireland, the Government of NorthemIreland is the sole authority
for water and sewerage services, through the Water Service (Department of the
Environment of Northern Ireland) with four regional divisions having water supply

and sewerage functions, and local water service offices in most of the
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provincial towns. The Northern Ireland Water Council advises the Department of
the Environment of Northern Ireland. !

In England and Wales, all significant groundwater abstractions are controlled
by a statutory licensing and charging scheme operated by the Water Authorities,

while no such system exists in Scotland and NorthemIreland.

1.2.2. The water industry in the Community:

From the short presentation of the main features of water industry in the
Member States, it appears that two main systems prevail in the Community :

B éISystéﬁ'of Water Authorities based on a hydrologicél division of the
country,each Authority having the administrative and economic responsibilities
of water management. This is the case of France and part of the United Kingdom,
while the Republic of Ireland is acquiring such a system. :

. a system providing the regional authorities with full responsibility on
the various aspects of water. This is the case of Denmark, the German Federal
Republic, Italy, Ireland.

The new waterlaw will provide the Netheflandé:with such a regiénﬂl adminis-
crative system based on the Province.

- The only exceptions are Belgium, where responsibilities for water rest with
various ministers and national agencies, and Luxemburg, too small for a regiona-
lization. Yet in Belgium, there is an attempt fo some regionalization through

economical sectors corresponding to management projects.

1.3, USES OF GROUNDWATER

To distinguish between drinking, industrial and agricultural purposes
is classical but not always possible. In Belgium, waters for the industry and the
agriculture are estimated togethet ; public supply provides water for agricultural
purposes in.Ireland, for industrial purposes in the Federal Republic of Germany
while there seems to be a tendency in the United Kingdom to also increase the
part of public supply in industrial water. Many small farms and small industries
can use public supply besides having their own wells, not always recorded. Yet
the classical categories of uses are convenient for a global compared approach
of the groundwater allotment policy of each Member State.

As a first approach to perceive the groundwater use policies of the Member
States, we have gathered data on the groundwater used for drinking , industry,
agriculture and some other uses, globally per Member State, in table 1.1. In
the column marked "drinking water", we put public supply water. The column markec
"other uses" mainly concerns the specific uses detailled in § 4.3.2., as fish

farming in Denmark or mine drainage in France or Italy for instance, when they
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have a national impact. For the Netherlands, the estimates of groundwater quan-
tities exclude the brackish water used for industry but take into account the
infiltration of surface water through the dunes.

In table 1.2., we show the quantity of groundwater used per day per inhabitant
in each Member State,the quantity of drinking water per day per inhabitant.

The tables display the part played by groundwater for public supply and
provide information on how each Member State presently uses such a rather good
quality water.

0f course groundwater is of regionalized importance and for that reason,
we provide tables of uses, detailed per regions for each Member State where such

information is available, in § 4.3.1.

: Member State : B : DK : D F I :1IRL : L :NL : UK :
: Groundwater : : H L : H : : H :
: in 1/d/h : 170 ; 630 . 328 ; 297 ; 603 . 77 . 200 ; 261 p 112 p
:Drinking water: 116 : 252 : 159 : 163 : 320 : 50 : 100 : 170 : 85

Table 1.2

Total groundwater used per day per inhabitant
(in liters/day/inhabitant)

Part of groundwater used for drinking per day per inhabitant
(in 1/d/inh.)
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1.4, TRENDS IN GROUNDWATER USE AND ABSTRACTLON

The developments of groundwater abstractions are influenced by the general
economic developments of the Member States involving a greater demand of water
in general, and by the variations of the groundwater allotment policies of the
Member States with time.

From the analysis of the various trends,it is impossible to define a
Community trend for groundwater abstraction and use for the time being and we
just present a quick review of the national tendencies.

. Belgium : from 1974 to 1978, the abstraction of groundwater is relatively
constant. It is expected to decrease a little (less than 10 %) in the next few
years. It should be noticed that the percentage of groundwater to total water iz
constant too.

. Denmark : although groundwater already represents 95 ¥ of the total water used
in this country, there still is a slight increase in the percentage of groundwater
used versus total water. It comes from an increased use of groundwater for irri-
gation. The volume of consumed groundwater per year has risen of 70 ¥ from 1970
to 1977, going up from 684 10° m® to 1150.10° m*® ; this last figure is already
bigger than the forecast for the year 2000 made in 1970.

., Federal Republic of Germany : the quantity of abstracted groundwater is rela=-
tively constant, as well as the percentage of groundwater versus total water.

. France : data are missing or too unaccurate for a global analysis of trends.
From a survey of three Agences de Bassin (Rhin Meuse, Artois Picardie, Seine
Normandie, which cover 2/3 of France) concerning declared industrial and drinking
water abstractions, it has been noticed a decrease of industrial abstraction

(due ro better management, by used water recycling for instance, and increased
use of surface water) and an increase of drinking water abstraction (due to the
population increase and the decrease in surface water quality). According to a
general prognosis of the Agences de Bassin, industrial abstractions should stay
at the same level and even slightly decrease while drinking and agricultural water
abstractions should largely increase.

Ttaly : a general trend analysis is impossible because data, especially time
sequences, are missing. From data concerning a few main urban areas (Roma, Milanu,
Torine and some others in the South) it seems that public supply water abstraction
is increasing but that the rate of increase is decreasing substantially. The
increase ranges between 1.5 % to 5 I per annum. Very roughly too, it seems that
generally speaking agricultural groundwater abstraction is stationary, with local

variations. The evolution of industrial groundwater abstraction is unknown.
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- Ireland : until recently, the lack of experience in groundwater exploitation has
prevented a larger use of this resource, But as surface water is becoming more
polluted and engineers are acquiring better knowledge of technical possibilities,
especially in well drilling, while there is a tendency to use more water related
to the urban and industrial development of rural areas, a gradual increase in the
abstracted groundwater quantities may be reasonably expected.

. Luxemburg + from 1973, a slight decrease in the abstractedgroundwater has been
noticed, related to a decrease in domestic use. But it seems that in the future,

groundwater wiil:ﬁg.ﬁdré'devé10PEd.

. Netherlands ': ‘although ‘an incréase of groundwater abstraction has been observed
since ‘1971 and 'is expected for 1981, the rate of increase is ekpected ta'-deereage_
This is mainly due to a decrease in industrial use because of 1ncre351ng costs for
the evacuatlon of the used water. There are’ 1ncreaﬂes in public water supply and
agrlcultural uses, although flgures for the latter vary from year to year with
weather conditions. P i

. United Kingdom : a trend éﬁéifﬁiﬁ*%érﬁ&rﬁé&"an twbipériods' from 19&8 to 1963
and from 1973 to 1977, shows that groundwater abstractlon has risen CDHSLStently,
due to groundwater development for publl: water supply ‘Groundwater abstraction
by 1ndustry has remained relatively constan: since 1954, but, on the othet side,
the part of pUbllc water supply utlllzed ‘for 1ndustr131 purposes seems to be
lncrea31ng. The percentage of groundwater versua total water used fcr publlc
supply purposes has remalned relatively canstant nver the “last 16 years. Thls'
analy51s 1ead5 to assume a future increase of groundwater abstractlon hut ‘most
probably at a mﬂch slower rate now that groundweter is con51dered as a resource

with llmlts of avallabllltles..
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Chapter 2

INVENTORY OF AQUIFER FORMATIONS

Z.1. GENERAL FEATURES AND MAPPING

The aquifers of the Commﬁnit§, represeﬁted on maps 1, are basically classi-
fied by their flows inte four categories : - S
'i) intergranular Flow : the flow occurs tl{raugﬁ intergranular interstices ;
the aquifers usually present a low rate of flow and a high storage capacity : for
example sands and gravels. . . " P
ii) fissure flow : the flow occurs through fisaﬁ;es ; the aﬁuifér; usually
present a high rate of flow and a low storage capacity : for exaﬁple, limestones.

iii) mixed aquifers, having both fissures and a high storage capacity in the
interstices : for example cemented sandstones.

The discussions did show thae; although the conéept.of mixed aquifer is rather
clear, its apﬁlication to characterize a givén aduifer depends on the scale at
which it is studied and on the habits of the loecal hydrogeologiafs1 Thus it was
decided to list the mixed aquifers of the Coﬁmunity, especially to prevent
discontinuities at the borders of the Member States. This list is based upoﬁ'
the geological and lithological features selected for the present studf fand'
detailed below) : - S
. Belgium : cretacecus chalk ; permian conglemerates ; jurassic sandy limestones,
sandstones and sands.

Denmark : paleocene limestone,

Federal Republic of Germamy :

at the border with Belgium : alternate cretacecus layers of sandstone and sand,

with clay marls and limestone lenses.

at the border with Luxemburg : fissured sandstones and sandstones with

conglomerates.

at the border with France : fissured sandstones with some conglomerates.

France and Italy : some conglomerate sandstones ; some granites, intrusive
rocks at the scale of the map ; extrusive rocks, basic : alternation of lava
with fissured permeability and pouzzolanes with intergranular permeability ;
some marly-sandy flysch containing sandstones and sands.

, Ireland : some triassic sandstones.
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. Luxemburg : sandstones with calcareous cements.
.. United Kingdom. : cemented sandstones ; fissured sandstones in shales,

. iv) karst flow : media with a karstic flow were defined as water soluble
formations, chemically weathered, with a secondary permeability of fissures,
able to produce large and irregular flow rates with respect to regional mean
flow rates.

Each basic ‘category has been given a colour (blue for intergranular flow,
green for fissure ‘flow, orange for mixed aquifers), except for. the karst repre-
sented by a speciai:sfﬁﬁai (small Bficks):iﬁ the greén colour of the fissures.

The alluvial aquifers have been considered as a special category although
they present an intergranular flow. Indeed, they are a very important resource
but their dimeénsions are.usuéily small : for example, in Ligﬁrié (Nprtﬁern
Italy), they prdvide'most.bf'the“resOuréé'But only occupy a few qmzjdq.the map .
Also, their very complex relationships with the rivers and the fact that they are -
large ﬁatﬁral filter for surface waters set them in a very peculiar position with
respect to other aquifers. Thus, they have received a special representation
on maps I.

Some other hydrogeological features have also been considered :

. whether an aquifer is confined or unconfined, which gives some indication on
its vulnerability and on the difficulty of its exploitation. Shades in the
colours of the flow categories represent the types : a dark shade for unconfined,
a light shade for confined. In particular, discussions did show that in a very
few cases, karst flow could be confined : it is the case, for instance, of
Southern Belgium.

. whether an aquifer is monolayered or multilayered. It has also enabled te
represent situations where two distinct aquifers are locally adjacent and
exchange water, as for example in Belgium. Also when several superimposed aguifers
exist, exchange water and cannot be easily differentiated at the scale of the
study, it can be assumed that the whole system is a multilayered aquifer : for
instance it considerably simplified the Duteh situatiem, the Netherlands being
underlain by one large multilayered aquifer.

. groundwater seepage areas, natural or artificial, which may be a significant
factor of vulnerability.

In many cases, especially due to the scale of the study, small aquifers of
very local importance cannot be individualized. The whole area where they occur
is represented, in the colours of the various flow categories. Of course, zones
without aquifers are left in white.

From a purely cartographic point of view, an experiment has been attempted
with successful results : up to three superimposed aquifers are represented on

the map thanks to a system of stripes of decreasing widths which enables to follow
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an aquifer as it dips under one or two other aquifers. Figure 2.1 is an example
of a phreatic aquifer with intergranular flow becoming confined as it dips under
an unconfined agquifer with fissure flow which in its turn becomés confined as

both aquifers dip under a mixed aquifer.

1 aguifer 2 aguifers : 3 aquifers
ALURIMIARRRIRRES \\\
\\\\\\\\\\\\\\ \\ RN
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Figure 2.1.

On the maps, the aquifers are bounded in two ways & real limits based upon
hydrogeological considerations:and artificial limits, when it proves necessary
to stop the drawing of the aquifer ; such an artificial boundary usually is a
limit of exploitation of the aquifer with depth and salinity.: it is not indi-
cated by a line but by a stop of the coloured stripes representing the aquifer.

Where the bidimensional representation of a three dimensional situation is
difficult to understand, the maps are completed by cross sections. .

Community lithological features have been established after a survey by
all consultants of the lithological characteristics of the Member States and

they are listed in the following table with their symbols :

alluvia (sands, pebbles, gravels, leoam) - _ _ A
sands 5
alternate strata sands and clay _ Sc
alternate strata -alluvia and clay Ac
sands and gravels (which are not of alluvial origin Sg

(marine origin or moraines)

sandstones or calcarenites (sandstones with Lalcateoua heme1c) G
conglomerates C
sandstones with conglomerates Ge
limestones : . L
chalk i : Lh
marly limestone : : - Lm

karst limestone Lk
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~dolomitic limestones Ld
dolomites .. ... .. .. . : b
calcareous sinters. ... . T T

 ‘intrusive rocks

.extrusive rocks. . R PR o ___i v
_acid extrusive rocks ;,,E' : i Va
" basic extrusive rocks . . L 2 Vb
metamorphic rocks .,;J{_qf > s o _ M

‘evaporites (sodic, potassic salts, gypaun)

.marly-sandstone flyseh (alternate marly, sandstones, sandt straca) Fm

alternate sandstones and shales _ . Ga
marl_' f S bt : m
p:l.erres ‘\FEI.‘EES o - . 5 L X el

The ages of the various: zcrmaclons are represcnted with the symbols of the
ln:ernatlonal Geological Map of Europe,
The maps 1 are completed by hydrological, geographical and morphological

features such as lakes, rivers, main cities, contour lines.

2.2. AQUIFERS OF THE COMMUNILTY

On tables 2.1 to 2.B we represent the main aquifers of each Member State,
in a chronological order. We indicate their categories of flow permeability
(I = intergranular, F = flssure, M = mixed, K = karst) and, if regionnally
significant, their types (C : confined, U : unconfined) ; we give the depths
of top and base bf the aquifer, its thickness, its transmissivity when, of course,
these values have some significant average meaning. For the continental Member
States, we 1nd1cate whether the aquifer is common to two or more Member States
(Transfrontier T.F. )

On these tables the aquifers are also clas31fled according te their esti-
mated xmportances_thh;respect5to vields, dlmen31ons§ exploitability, regiomal
influence, into four families : B

. aquifers of major importance (four stars) ;

. important aquifers (often providing public supplies) ({(three stars) i

. aquifers of local importance (for instance a minor aquifer which is the
only aquifer resource of an area) (two stars) ;3

. aquifers of minor importance (one star).

All aquifers are discussed in details in each national report.
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Une table is missing, corresponding to the Netherlands, because the
situation in this Member State is peculiar.Only two aquifers have been discerned
at the scale of the study :

. a multilayered aquifer composed of unconsolidated sediments of pleistocene
and pliocene age, covering 99 % of the country ; flow is intergranular and trans-—
missivities vary from 107" m*/s to 10-1 m?/s with an averagé'df:lﬁ-z-to 51077 m?/s.
1t is largely confined (Ln the coastai regLOns, for instance)

. an aquifer composed of upper ‘cretaceous and paleocene ch&lks in the
southern part of the province of Lxmbourg, ‘with a mlxed interstitial fissure

permeability.

A general remark is that, with the exceptlar_L__cf a few small regmns (m
Ireland, for instance), the aquifers of the Community are ‘known geolog;cally
and geographically, which of course does not imply that their hydrogeological

properties are always known.
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Chapter 3

GROUNDWATER HYDROLOGY

Groundwater hydrology is mainly concerned with all features relating to the
movements and storage of groundwater, and used to determine the characteristics
of exploitation and possible movements of pollution. Many features will influence
the management of groundwater but they should not be taken into account altogether
the choice of useful parameters and of their distributions in time and space will
depend on the scale at which the aquifers are studied.

It should be stressed that the purpose of this theme is to provide a survey
of the dynamics of the more important aquifers (mean flow directions, mean flow
velocities, mean flow rates), helpful for a quantitative large-sized management
modelling of the Community based on the discretization of the Community territory
into the units of the grid system, and also preparing the vulnerability study of

the Community groundwater resources.

3.1. FEATURES OF COMMUNITY GROUNDWATER HYDROLOGY

Three categories of features have been selected as useful for both a qualita-
tive and quantitative utilization of the present study in terms of management
modelling at the Community scale :

. features of the movement of water within the aquifer ;

features of the movement of water between the aquifer and other systems ;

features related te particular problems.

3.1.1. Features of the movement of water within the aquifer

They are the transmissivity, the piezometry and the boundary conditions.
1n most cases, an average value of transmissivity is known per aquifer, sometimes
sven several values have been determined up to one value per elementary unit of
the grid system when the aquifer spreads out on several such units.

Although water levels in wells are easy to obtainm, the piezometric lines
are more difficult to derive because it involves a good density of observation
points recorded frequently : some aquifers have been extensively studied and
are equipped with many wells but a great number of aquifers are not well known.

Major aquifers are usually well studied. Besides, the scale and the purpose of
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the study dimplied a choice among the available piezometric information to estimate
the mean yearly movements of groundwater and, when significant, the yearly fluc-
tuations of the piezometric levels : thus, the number of piezometric contours
represented here is considerably reduced, when they exist, with respect to larger
scale maps.

Introduced only on the maps, the boundary conditions are of two kinds, flow
condition and zero flow condition (or impervious boundary) ; the flow condition
exists when an aquifer receives or gives water laterally. A groundwater divide
may also be taken into account if need be, as a zero flow limit within the
aquifer. The boundary conditions are not often intreduced, only when it is
felt that they are known correctly and are adding information to the geological
description of maps 1.

The general movement of water is gqualitatively shown in many aquifers, even
without piezometric contours, by an estimate of the flow directions of the aquifer
obtained from more detailed piezometric maps or from known direct evaluation.

On the maps 2, the use of arrows visualizes these movements rather
well and givesan immediate view of the dynamics of the aquifer, especially useful
for future pollution studies.

In the national reports, the storage coefficient is sometimes provided, very

locally.

3.1.2. Features of the movement of water between the aquifer and other systems

The most important feature is the estimate of the transfer of water between
an alluvial aquifer and the river. Alluvial aquifers play a very peculiar part
in the supply of water : abstractions in the vieinity of the river usually pump
river water, the banks behaving like a matural filter, Thus it is not possible
to distinguish between river water and aquifer water, which means that the
resource provided by an alluvial aquifer cannot be estimated as the resource of
another aquifer : because of bank infiltration, a small alluvial aquifer may be
a much more important resource than a classical hydrogeological balance might
tell. A consequence will also be that these aquifers have to be specially protected
against surface water pollutiom.

The relatiomships between an alluvial aquifer and the river are complex,
depending upon the clogging of the banks and various hydrological factors like
the water levels in the river or the distribution and pumping rates of the wells.
It was thus decided that the most practical way of expressing the relationships
between a river and an aquifer was to derive various classes according to the
ease with which water is transferred between the twoe systems. Three classes have
been defined : good, medium or weak aquifer-river exchanges.

The possible exchanges between two aquifers are also taken into account. This

feature may prove useful for vulnerability studies of superimposed aquifers.
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Springs are an important water supply mainly in Luxemburg, ILtaly,
West Germany and France. Of course they can be found in most Member States, excepted
probably in the Netherlands, but usually have then very low flow rates. Only
springs presenting a flow rate of more than 30 l/s (%1 million m®/a) are

shown, divided up into normal springs, mineral springs and thermal springs.

3.1,3. Features related to particular problems

Croundwater scepage areas, being particular hydrological features, are of
course also represented on maps 2 as well as.on maps 1. In conjunction with the
movements of the aquifer, they play an important part for the vulnerability of
phreatic aquifers.

Another feature which brings a pollution constraint on the exploitation of
groundwater is saline water, due either to sea water intrusion or to saline domes.
Sea water intrusion, important in some Member States (Italy, Belgium, France,
Denmark), is most important in the Netherlands, where brackish water is a large
part of the resource and is used rather extensively as industrial water (about

20 % of the total industrial water).

3.2. CARTOGRAPHIC ASPECTS

Maps 2 are presented on a transparent support so that they can be used
together with maps 1, 3 or 4. The combination of maps | and 2 provides a complete
hydrogeological survey of the Community, whereas the combinations of maps 2 and
3 or 4 enable to link the abstraction densities and wells and the possible. resour-
ces to the hydrogeolegical properties of the individual aquifers.

The piezometry, directions of groundwater flow and transmissivities of up
to three superimposed aquifers are represented.

Although planned in the legend, the boundaries of aquifers have not been
introduced everywhere, because in many cases they did ‘not help to individualize
the aguifers better than with the existing piezometric contours i it is the case
of France and Ttaly for instance, while the United Kingdom has kept these lines
as a reader's help for the combination of maps 2 and 3 or 4, 0f course, it should
be remembered that aquifer boundaries appear alsc on maps 1.

The colours of maps 2 are those of maps I; which helps for a betrer use of
the combination of maps | and 2.

The limits of saline intrusion correspond to 500 mg ¢l /1 at depths less
than 50 m.
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3.3. PIEZOMETRIC AND TRANSMISSIVITY DATA

Piezometric data are obtained by field measurements of the levels of water
in wells at different times ; the piezometric contour lines are then derived by
extrapolation in space at these times. The measurements in the wells are very
good but the accuracy of the extrapelation may be limited in many regions of the
Community by the small number of observation points usually available and by the
limited frequency of the observations : sufficient for a control of the levels of
an aquifer with time and at various locations, the existing data are not in
general enough for a management study of the aquifer involving the location of
new wells and the derivation of a pumping policy, which would require more field
work in conjunction with mathematical modelling. Anyway, it appears from this
study that to know the piezometry is not a big problem in the Community although
some regions are certainly badly underequipped in observation points (Ireland,
for instance). It also fulfills the purpose of the present study by providing
a good survey of the general flow dynamics of wvarious significant aquifers.

In order to specify these general considerations, the characteristics of
the observation network of the aquifers are now examined for each Member State.

. Belgium : two aquifers (carboniferous limestone of Tournai and Chalk of
Mons) are equipped with about 15 limnigraphs each, recording continuously (one
graph per week with an accuracy of ten minutes). In the other aquifers, the
measurements are manual by piezometric sounding. Four regions (Campine, Mons,

Tournaisis, Terrasse de la Meuse) have a good number of wells.

Many abstraction wells are also used for dynamical measurements.

. Denmark : the piezometry is derived from soundings carried out by the
drillers after completion of wells, on about 70 000 to 100 000 wells (a density
of 2 to 4 wells per km®). The measurements are thus rather heterogeneous,
sometimes made at intervals of 50 years ; but in the last ten years, a great
number of the wells have been sounded again and only small changes have been
noticed which implies that the presented data are of sufficient accuracy.

There exists a National Groundwater Network comprising 110 wells with
manual recording monthly or twice a month, twe or three wells being continuously
recorded. In particular, the mean yearly fluctuations of piezometry, which
appear for some important aquifers, have been estimated from the data obtained
at some representative wells of this Network during 10 to 25 years.

Water Supply Companies too measure the levels regularly. Many agricultural
plants have received their licenses to abstract water on the condition that they

measure the water levels twice a year.
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. Federal Republic of Germany : each Land is equipped with a good number of
wells ; for instance about 2500 wells are sounded weekly in Baden-Wurttemberg
for a total area of 35 751 km®, while in Berlin altogether 1 151 observation
points are regularly used for an area of 480 km®, Many of these points are
equipped with continuous recorders.

. France : there are about 9 000 piezometers in France but 80 % in alluvial
aguifers. A small number of the large aquifers is observed regularly, which
implies that, although the general piezometry is known, its variatioms are not
recorded .

Italy : the inventory of piezometric data is rather complete. The measu-
rements are performed manually by electrical soundings and very locally continuous
recordings are made for relatively short periods of time. Although the Hydrographic
Service has observation wells in some regions, the fluctuations of the piezometric
surface are scarcely known.

A number of springs are also regularly observed : flow rates are measured
weekly, monthly or yearly.

Ireland : the piezometry is very little known in this Member State. Less
than 200 observation wells are regularly maintained, with about fourty recorded
continuously.

Luxemburg : the piezometry is not well known and a maximum of twelve
piezometers can be found. It should be stressed that most of the used groundwater
comes from springs and not from wells.

. Netherlands : the piezometric level measurements are performed manually
(with very few exceptions) on a national network of about 15 000 observation
wells including 7 500 shallow wells (less than 5 m deep). 55 %2 of these wells
are observed twice a month and 35 7 once per three months. Many local piezometer
networks exist too.

. United Kingdom : England and Wales possess a groundwater observation well
network of more than 1 400 wells. 20 to 25 % of these wells are equipped with
continuous recorders ; the others are measured manually weekly or monthly.

In most of the large wells pumped for public supply, dynamic levels are
measured upon a continuous basis.

In Scotland and Northern Ireland, there are only a very few observation

wells, of the order of two to four and piezometry is almost unknown.

Point transmissivity values are obtained by pumping tests everywhere but
no areal transmissivity values are generally available. Mathematical models

are sometimes used, generally for specific studies of local problems only.
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Chapter 4

GROUNDWATER ABSTRACTION

4.1. GRUUNDWATER ABSTRACTION RECORDS

All Member States maintain some records of theilr groundwater abstraction,
but with the exception of Denmark, which has a licensing system covering all
abstractions, the Member States cannot present a complete accurate record of
the abstracted volumes :

. Belgium : there are two classes of abstractions, class 1 and class 2.

Class | abstractions are less than 96 m3fd, must be declared and are
automatically authorized ; they are private wells, they are not recorded
{excepted in the Ardennes region) but the total volume they produce is negligible
with respect to the total groundwater abstraction.

Class 2 abstractions are more than 96 m*/d and must be authorized 3 the
users declare the abstracted rates annually to the Corps des Mines. As the law
has been implemented in: 1947 only, information on 10 to 15 % of Class 2 abstrac~
tions ‘of the Flemish part is missing ; in this work, these abstractions have
been estimated from the figures in the licenses and the estimate has been cali-
brated on known abstractions.

. Federal Republic of Germany : in all States, public water supply is
accurately known, including of course the part provided to the industry. Besides
the industries must declare their own abstractions to the offices of statistics
in each State, data then gathered at the Federal Office of Statistics. For agri-
culture, information is either missing or old ; in this work the volume of ground-
water used for agriculture has been estimated at | to 2 % of the total abstracted
volume.

. Frarce : pumping is free excepted in a few regions where a license is
required. Returns have to be made to the Agences Financiéres de Bassin but only
above some threshold which varies from 7 500 m®/a in Loire Bretagne to 100 000 m?/a
in Rhin Meuse. This means that small abstractions are not recorded.

Two Agencies only (Seine Normandie and Loire Bretagne) maintain records of
agricultural abstractions. In all other cases, these abstractions have been esti-

mated.
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Une pgence (Adour Garonne) puts surface water, water from phreatic aquifers
and spring water in the same category ; only deep aquifers are recorded separately.
Consequently a reasonable assumption is that the total abstracted groundwater in
France is known with an uncertainty of 10 % (and probably + 10%), the agricultural
abstractions being generally underestimated.

Italy : at the level of the country, there is a general census of all
drinking g;oundwater supplies of all communes, the Piano degli Aquedotti, dating
back to 1965 and drawn on a map at 1/100 000, a single copy of which only exists.
These rather old data have been completed for this work thanks to information
released by various distribution services, but 'in some regiong, the provided data
are certainly less than reality.

Water for agricilture has been estimated for this work from the existing
data concerning irripated areas and unit dotations per type of culture and
irrigation.

Water for industry data are the most uncertain and are missing in many areas.
Wwhen existing, these data have beéen provided by official services or ‘directly by
the industries.

The uncertainty on the total abstraction is about 10 % of the total amount
of abstracted water i.e. about 1 000 million m®/a.

Ireland : Local Authorities collect information on abstractions greater
than 5 m*/d and this information practically concerns local authority and indus-
trial wells only. Numerous farms abstracting more than 5 m”/d have been omitted
and an allowance of 10 % over and above the large abstractions was made to take
these farm abstractions inte account as well as the numerous small abstractions
of less than 5 m®/d from single houses and small farms. In some areas, mostly
where groundwater is least important, these data are not available and, for this
work, abstractions have been estimated on the basic of personal knowledge and
limited data at the Geological Survey ; anyway, the volume of water concerned
is very small with respect to the total abstraction:

. Luxemburg : flow rates of springs and wells are very irregularly measured,
at most once a year and sometimes a few years are missing. Spring values have been
averaged and because of the lack of data, these averages are sometimes uncertain.
Furthermore, for a few springs it is impossible to differentiate between actual
use and flow rate. Industrial abstractions are recorded at 80 7. The uncertainty on
abstraction is large, because pumping is free everywhere excepted in the Luxemburg
sandstones and autonomous wells are not recorded.

. Netherlands : groundwater abstraction for public and industrial water
supplies is accurately recorded by state and provincial governmental institutes

. w3
and records are assumed to be complete for abstractions greater than 10" m /a.
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Abstraction for agriculture is not recorded and, for this work, it has been
estimated from regional enquiries and a 1976 complete enquiry, providing a ten
year average.

Some significant quantities of groundwater cannot be estimated ; they concern
the water pumped by the buildimg industry to lower the watertable.

Of course, small private abstractions cannot be taken into account in the
avaluation, :

United Kingdom : in England and Wales, there is a licensing system and
licensed abstractors must provide information to the River Authorities. Records
are kept of licensed abstractions greater than 60 000 m’/a ; the part of abstrac-
tions less than 60 000 m*/a is considered as negligible with respect to the total
volume abstracted ; they concern households and small farms.

In Scotland and NorthemIreland, there is no licensing system at present.
Unly publie supply is recorded and there is almost no indication for industry and
no indication at all for agriculture. :

A gemeral conclusion is that the abstraction is underestimated, sometimes
rather largely, on all the Community territory, due to the present management of

groundwater.

4,2. -GROUNDWATER ABSTRACTION TYPES

The most common types of abstractions of Community groundwater are wells,
springs, mine drainage, drainage galleries ({adits).

Although wells represent the most frequent type of abstraction, in several
Member States springs provide a large amount of the groundwater : in Luxemburg
they give 81.7 % of all groundwater against 18.3 % by wells ; in Italy they
represent 27.5 § of all groundwater against 71.9 % for wells and 0.6 I from other
sources (like mine drainage for imstance) ; in the German Federal Republic, the
part of springwater in Publie Supply groundwater is about 10 £ ; in France,
springwater is about 15 to 20 7 of all abstracted groundwatér. A few springs
exist in Denmark, Ireland, Belgium and the United Kingdom with a small rate of
flow.

Mine drainage contributes to the groundwater abstra;tion in several Member
States but the water obtained in that manner is usually unsuitable for public
supply. Recorded mine drainage accounts for about 2.5 7 of the total abstracted
groundwater in the United Kingdom (Northwest, Yorkshire and Welsh water authorities),
for about 5 % in France (Agences de Bassin Artois-Picardie, Loire Bretagne, Rh@ne
Méditerranée Corse and Rhin Meuse, the last one accounting for 94 7 of the total
mine drainage), for about 0.4 Z in Italy (Sardinia)., Some mine drainage exists

in Belgium (Limbourg) and in the Federal Republic of Germany.
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Drainage galleries exist in Italy {(on the Etna, in Calabria, near Napoli),
where they are accounted for as springs, and in Northeastern Belgium where they
are very large (about 21 10%° m?/a) and in the chalk of the London Basin where
they occur in large number.

It should be mentioned that groundwater is not always used where it is
abstracted or nearby. Often, large cities are supplied from far away as, for
example, the cities of Brussels and Ghent in Belgium supplied by the chalk aquifer
of Mons, but also there are examples of water transfers from a region to another
as, in Italy, from Campania to Puglie by the Aquedotto Pugliese (Pugliese Water
Company) . These examples are certainly intéresting attempts for ‘a better distri-

bution of the groundwater resources.

4.3. GROUNDWATER USES

Groundwater is currently used for public supply, for industrial and agricul-
tural purposes, as surface water. It has also a few specific uses related to the
fact that it is stored and moves underground. It is important to know how much
groundwater is used, whether it is used adequately or not and, when surface water
may play a part, te evaluate the respective importances of ground and surface

water 3 all these data are significant for water management and protection.

4.3.1. Classical uses

In chapter 1, we already haveé presented a table showing the total volumes
of groundwater devoted by each Member State to the various uses. Lt is a general
indication of the groundwater use policy of each Member State and may be of help
for a better utilization of groundwater by attracting the attention of the Member
States on the possible increases of groundwater consumption in domains where the
use of a good quality water is justified and the possible decreases {and repla-
cement by other waters) of groundwater use in other domains,

To better compare the possibilities and policies of the Member States, it
is necessary to have a better picture of the groundwater uses at the regional
scale of the administrative decision units, well related to the regionalized
aspects of groundwater and better fitting the economical features of a country.
To this purpose, we present hereafter tables showing the regionalized distribution
of uses in each Member State with the exception of the United Kingdom where such
an information at the level of water authorities could not be obtained.

As table 1.1, these tables show the parts of drinking water, water for the
industry, water for the agriculture (mostly irrigation) and water for some other
uses detailed in § 4.3.2. In the drinking water column, we put the data relating

to the public supply in many national reports and to domestic uses in the Danish
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report. As already said in chapter 1, it is not always possible to distinguish
between the various uses : for instance, in the Cerman Federal Republic, a part
of the water for industry comes from public supply ; or in Ireland, the public
supply will provide some water for agriculture ; or in Belgium, industrial and
agricultural waters are not differentiated.

Besides, ‘as already mentioned in § 4.1, these figures do not cover all
abstractions. All that can be said is that these data are as close to realicy
as allowed by data recording practices in each Member State.

We also present three tables showing the regionalized use of groundwater
and surface water in the Federal Republic of Germany¥,the Republic of Treland
and England and Wales (United Kingdom). Whereas for the FRG and UK, ‘only public
supply data were available, all water data could be obtained for Ireland. For
the Netherlands, groundwater accounts for 2/3 of public water supply used while
for Luxemburg it accounts for 45 % of all water used (56 % of public supply
water and 38 % of industrial water) ; in Belgium, groundwater représents 67 % of
all public water supply. For England and Wales, the total abstraction of surface
water was 11320 10° m? in 1977 while the total abstracted groundwater was
2374 10° m?, representing 17 % of the total water abstracted.

The Irish situation illustrates very clearly the significance of regiona=
lization : although 23 % of the total amount of water used in Ireland is ground-
water, there are many regions where the actual percentage of used groundwater is
greater than 60 7, showing that groundwater is locally wery important in rather
extensive areas. The difference is due to the influence of a single area, the Dubliu
city and county, heavily populated and almost entirely supplied by surface water.

The French situation illustrates both the significance of regionalization
and the emphasis put on groundwater use for drinking : whereas an order of
magnitude,based on 1973 data, is 22 % of groundwater versus total abstracted
water (5 10% m® against 23 10% n?®), the percentages of groundwater versus surface
water estimated in four Agences respectively are
- for drinking purposes, 96 I in Artois-Picardie, 80 % in Rhin Meuse,

56 % in Seine Normandie ;
- for industrial purposes, 40 % in Artois-Picardie, 30 %7 in Rhin Meuse,

35 % in Seine Normandie ;
= for agricultural purposes, 72 7 in Rhin Meuse, 12 7 Rhdne Méditerranée Corse.
The differences with the global estimate results mainly from the extensive use of
surface water for the industry and, in some areas, for the agriculture.

The use of brackish water for industrial purposes by the Netherlands is an
interesting hint for a preferential use of low quality waters whenever quality
is not a necessity, especially when considering how extensively groundwater is

used for the industry in many regions of the Community.
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4.3.2. Specific use

Besides the classical uses as drinking water, water for the industry and
for the agriculture, groundwater has also some specific uses in several Member
States.

The most peculiar use of groundwater is the Ttalian Soffioni i.e. ground-
water coming out as vapour jets at 220° that supply energy to several electrical
plants. Located in Tuscany, these Soffioni utilize about 25 to 32 10° m?/a repre-
senting about 6 to 8 % of the groundwater abstracted in the region and 0.2 % of
the total abstracted groundwater in Ttaly.

Very specific to Denmark, fish farming uses ' a large amount of groundwater
{about 40 10° m® in 1977). It is practiced alomg the streams which have ground-
water conditions and flowing wells. This activity consumes about 3 I of the
total groundwater abstracted in Denmark,

The drainage of marshland, éxisting in all coastal plains in Italy (the
lower part of the Po basin for instance) and not considered in that country as
a use of groundwater but ‘as another way of carrying groundwater to the sea, is
taken as a use in Belgium (Mons basin). This water is not generally put in the
public supply or reused in agriculture or industry.

#& rather common use of groundwater concerns civil engineering : in order
to lower the water table in the building industry, large amounts of groundwater
may be pumped out and put into sewers of rivers. This is, for example, the case
in the Netherlands, where the volumes abstracted in that way c¢annot be estimated,
or in Denmark near huge buildings of Copenhagen or near motor ways.

Mine drainage, already mentioned above, can be considered as a kind of use.

This water is sometimes reused when it L5 suitable for classical utilizations.

4.4, REPRESENTATION OF THE GROUNDWATER ABSTRACTION

The groundwater abstraction is represented by means of the grid system which
subdivides a Member State into units individualized by administrative and hydro-
geological characteristics and chosen in such a way that they also represent sub-
divisions of larger administrative decision units. The wvarious systems have been
presented in chapter 0.

Two features have been selected for this representation : the density of
abstraction and the large abstraction wells, plants or springs.

The density of abstraction i.e. the amount of abstracted groundwater per
km? is very useful for a compared study in the Community, as it expresses the
spatial distribution of pumpings and can be easely visualized on maps. Of course,
for practical purposes, an averaging procedure has to be introduced in order to

get the required information without investing into too many details : the
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density is related to each mesh of the grid system, meaning that it is defined
as the total volume hbstracted.in a given mesh from all agquifers divided by the
area of the mesh ; besides, these pumping densities are classified into ten
categories which represent the usual ranges of densities in the Member States
and have been obtained by synthes1zlng the results of preliminary enquiries of
all consultants. These categories, expressed in mm!a (1 mm/a = ID3 m?/km?/a)

. respectively are : . e
0-50 3 0-25 ; 25-50 ; 50-200 ; 50-100 3 100=200 ;.200~300 ;5 300-400 ; 400-500 -
> 500, ! '

Each categbfy is.visualized by a colour or a shade in a colour. The distri-
bution of these colours give an instantaneous visual feeliug of the distribution
of abstractions in the Community. The exact values of the dEnSltles are'proﬁided
of course in the natzanal reports but are also written on the maps, in each mesh.,

- ‘Large abstraction wells, plants or springs are often used for publ{c supply
and may occur in demsely populated areas. Their vulnerébilicy'may be high and
their protection may causé problems. It is then necessary to know ‘where they are
located. Also, the presence of a polnthse large abstractlon in a mesh may change
the density in that mesh which will no longer represent an areal distribution of
pumpings. To show this abstraction éxplicitly helps to prevent such distorsions.

In this study, a large abstracfion is defined as producing 10° m?/a or more.
A large sized abstraction statian-is.eithér a single well yielding more than
10% m®/a or a pumping station made up of a cluster of wells, the total yield of
which exceeds 10° m’/a. As, in some areas, several such large sized abstraction
stations may occur very near one to tﬁe other, their representations may cause
problems at the scale of the maps : it has been decided to group as one large
station the large stations within a circle of 1.5 to 2 km radius.

Large abstraction wells or springs have been classified inte four catepories
compatible with the data of all Member States
P to2 10° m¥a; 2tos 10° m¥a ; & to 10 10° m¥/a ;o= 10.10° mifa.

For the last category, the abstraction figure is written on the map.

For the wells, a difference is made between wells producing water from

one aquifer or from several aquifers., For the springs, the difference is made

between normal, thermal and mineral springs.
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::RE-GJ..G'IN DRINKING WATERE z bt o z TOTAL
; Flandre.dgéi&;#féig ;" .fy,d ; ;'Eéz';_ 5.5 ; 323 ;_ 16.9 ;
; FFandre.brie#téle : : 6.9 :; ?82”? 17.8 ; 722'; 24,7 ;
Limbourg 30.1 50% 30,5 ;_5074_ 80,6
E Brabant Flam. ; ' '23;9 . . ; ﬁéx ; Il.é ? 327 ; 35.2 ;
; Bruxelles ; ' 215 ;'qaz_; 7.7 ; 52% ; :5_2 ;
; Brabant Wallon ; - 32.5 - ; 887 ;. '4_5 ;;IZX ; 37.0 ;
;'Hainaut 119.0 '592"5: 81.0 41% : 200.0
 Lisge 66.6 g ;'m'? 15.6 ";"19% 82.2
; Luxembourg :; ?1;9- ; 9?; % g_? ; _?ﬁ-: 227§ ;
Total for Belgium 425.2 687 196.3 i_za_z 621.5
Table 4.1
Distribution of uses for Belgium

in 106 mafa
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E County % Public Supply % z E pi?i::zrii;piﬁis E b4 % Total E
* Carlow : 1.74 Posy 1.33 fas o307
i Cavan : 0.2 i 15+ 1,64 CEs . .89
| Clare : 0.71 P69t 0.32 a3t
: Cork (inecl. ecicy) ; (6.55) ; - ; {13.14) : - ; - ;
i Denegal f (D.16) f - f - f - f - f
; Dublin (incl. cicy) ; - ; - ; (1.83) ; - ; - ;
: Galway i (3.65) E - f (0.18) f - E - f
: Keny ; 3 ; 59 ; 2,12 ; 41 ; 5,12 ;
' Kildare : (0.55) F - ¢ (1.10) oo
. Rilkenny : 5,41 T 2.31 © 30 1 T7.72 :
* Laois : 3.83 L 0.2 st o403
Lettiim : 0.90  : 83 : 0.18 : 175 1.08 :
! Limerick (inel. vity) 3.61 et 2.31 Pag o os.2
; Longford ; 0.71 : 60 : 0.48 ; 40 ; 1.19 ;
* Louth : 0.27 st 1.22 et et
: Mayo : (1.83)  : - {0.18) R
' Meath : 0.29 1 B 0.73" et SR B
: Monaghan : 0.18 s 17 0.85 ;o83 ¢ 1.03 :
' offaly : 2.34 P00t - : Po2.34 0
; Roscommon: ; 9,56 ; 100 ; - ; ; 9,56 ;
' Sligo : 1.13 Pgst 0.06 o5 a9
; Tipperary North ; 2.05 ; 70 ; 0.86 ; 30 ; 2.91 ;
' Tipperary South ‘ {3.65) oo {1.83) e io-
; Waterford (incl. vity) ; 4.33 ‘ a0 ; 0.46 : 10 : 4,79 ;
' Wéstmeath : 0.68 eyt 0.02 SR T o 1o
{ Wexford : 3.57 s 0.61 SR A8
 Wicklow : 7 ) R - b
: Total : 61.36 T 13.96 : 36 ¢ 95.32
Table 4.5

Distribution of uses in the Republic

]

of Ireland in 10 m3/a

(Figures in brackets are rough estimates)
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: Public supply p;g:‘::“;ig;]jes L
Count 5 03?1 @ gw.l’
. 7 . - ; : ; UPPLY * total water |
; : Surface Ground ; Surface . Ground ;
. . water . water § water . water ; . ;
! carlow Pogar for.74 C 037 P 1,33 1 565l 544 :
;- Cavan 048 i 029 : 6.27 :+ 164 .1 8.68 1. 22.3 :
* Clare P oo D4 0,32 0% 928 mud
‘é‘:ﬁgl Siesy F39.6) | (6.55) Co0.73) ] (;13._14).i (60.02)}  32.8
* Donegal : Po(0.16) ¢ O ST Y 2.2 :
: Dublin : s : : : . :
i (incl. city) : : - : ¢ (1.83) :(109.50): - :
 Galway : Fo3.65) S ooae) o607 1 23.8 :
: Kerry 0.9+ .00 i DS i i22ii 16426 LT :
! Rildare : fo(0.55) ¢} fogan o513 32,0 :
: Kilkenny : 3.88 R : o 0.37 : 2.3 : 11.97 64.5 .
' Laois (0.40) 3.83 © 037 020 1 48 [ 8. :
: teitrim e e T NDLOY e OB ALBOE T 89D d
o Limerick  l0i8S . 361 f  3.00 i i2.31ti 19970 284 :
: {incl. city) ; . s i ; 2 :
: Longford Y 2010 ¢ 0.71 ¢ 0.33 : 0.48 i 3.62 : 32.7 :
* Louth © o500 Y0027 Yo0.6l D 12200 T.60 1 196 :
i Mayo : 1.8y L sy (64 UL
' Meath f e to029 fo0.29 B oours o122 ] 8.0 .
: Monaghan g i bas i .82 ¢ 0.85 1 5.62 1 18.3 :
" offaly Piges bode b P - iR sy Poab. :
Roscommon 0.05: 9.56 - orcont 9.61 99.5
* sligo P ogss fo1a3 Y oo D o006 D u.8s 1o ne.5 :
| Mipperary North i  6.69 1 2.05 i 0.20 'z 0.86 .08 o 201
! Tipperary South P(3.65) o(1.83) (10.95)7  (50.0)
¢ Waterford P ges b 433 5 2,09 0jae T 17460 27 T
: (incl. city) I ot : < : A 3 :
' Hestmeath G 5:36 . 0.68 004 P02 P60l 11s
: Wexford © 927+ 3.57 i 2.5 & 0.6 15.99 :  26.1 :
! Wicklow S (0.37) T (5.48))  (6.7)
: Total : : 61.36 © 33.96 1 407.9 i 3.3
Table 4.8
Groundwater and Surface Water in the Republic of Ireland {in 10° m?/a)

(figures in brackets arte rough estimates)
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Chaprer 3

GRUOUNDWATER RESUURUES

5.0. DEFINLITLUNS
5.1. The resource

This part of the study 1s verf delicate because LT Luvulves an atfempl Lo
quantify a hydrogeological being which does not only vary with time and space,
but also with the Econcmical'habits-bf each country. The resource depends on
scientific parameters but also on economical and political parameters ; it is
linked to the recharge of the aquifers and to their management.

4 common definition of the rescurce has been first adopted :

For an aquifer system, the resource is the mean annual recharge minus: the
quantities of water mobilized to satisfy the various constraints, economical,
technical, ecological or others, on yeariy averages. i

This definition means that only exploitable resources are considered, which
can be mobilized by pumping the aquifers using their natural regulatory capaéitiea
and without consequences degrading the environment. The;g expleoitable resources
ire evaluated under technical and economical constrainta,'The permanent reser&e;

Jr total volume of water of the aquifer, is not taken into account and yearly
iverages have been considered in order to let natural replenishment regularize
sossible temporary uses of the reserve.

In general valid for aguifers largely unconfined, these consideratioms are
lifficult to apply to confined aquifers which usually have a low and complex
secharge. In that case, it is mainly the reserve which is pumped and the estimate
s the resource will have to be related to the drawdown of the piezometric surface :
-he resource will then usually be the quantity of water thar can be mobilized
‘rom the permanent reserve, taking inte account technical and economical comstraints,
:ssentially related to the depth of the aquifer system, the possible yields of the
7ells and the drawdown of the piezometric surface.

Also, this definition is not applied in the case of springs where the resource
.5 the mean annual discharge of the spring and is accurately known.

Last but not least, the case of alluvial aquifers with strong connections
sith the rivers is special as much water is obtained from the rivers and the

-esource is then related to river flow.
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5.1.2, The potential additional resource

‘Actually, the idea of this study is to take into account the present ground-
water abstraction policy and to estimate how much more water, if any, can still
be explolred by 1ntarpret1ng ‘the basic equation :

(a) resource - abstraction = additional resource
where the additional resource may be positive (surplus), negatxve (deficit) or
zero (balance, or, also, zones without significant Water avallabllltLEs) and
where the abstraction represents the actual quantity of water presentiy exploited.

"If we consider that the present trend is towards an increase in water use
in general, related to the demographic increase and expansion of industrialization
and agriculture, and that, consequently, groundwater abstraction will either
increase or, at least, remain constant, the additional resource ddrréctly repre—
sents the available resource. ! )

Actually, the equation is very formal because of the large uncerlainties
on its terms :

- Most often, the resource is not computed accurately : the recharge depends
on many factors and some of them can be thoroughly known only through wvery
detailed studies, invnlving.mathgmgtipal modelling for instance, and which have
been very seldom performed 3 furthérmore- the var1ous constralnts cannot be
always quantified in terms of water volumes. The resource wlll generally only
be roughly estimated with an uncertainty ﬁlfflcult and sometimes impossible to
quantify. 2

. The estimation rules for abst:actioﬂ”differ from Member State to Member State
and even within a Member State ; abstraction figures are often underestimated,
as data may be missing.

- Last but not least, abstracted water volumes are usually much more important
than actually consumed water volumcs, the latter varying between 1 7 and 90 % of
the former, depending on the type of use.

Practically, this means that the additional resource is not a computable
quantity. This is the reasen why we introduce the concept of poﬁential additionat
resource (p.a.r.). ; :

The potential additionmal resource is an estimate of the additiomal resource
proper to each Member State. It is based on the gpprcximation of the resource
obtained from the hydrogeological assumptions and : computations in use
in each Member State, and from the usual application they make of the constraints.
The potential additional resource .is:actually an order of magnitude of the addi-
tional resource of each Member State, . CDHSlstEnt thh the present policies and
state of knowledge prevailing in each Member State .and, of course, estimated
from the basiec equation (a) where the resource has the meaning given in § 5.1.1.
It is subject to refinements and even significant changes as the scientific

knowledge and expertise increase and also as management priorities evolve. This
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In cthe case of springs, the potential additional resource is accurately
known as the difference between the mean annual discharge and the present
abstraction.

The potential additional resourcé is a good picturé of groundwater availa-
pility at Community scale, which enables to classify the territory of the Community
into five categcr;es H
. zones with a surplus of grouudwater when the putent1al additional resource is
positive,

. zones with a balance of resource and ab;tréction ﬁhen the potential additional
resource ié zero, . S . .

zones.of avérdévelopment when the ﬁbtential additional fgﬂourcé is.negatiue,
. zones with unsignificant, local reéournés, . : '

zones without groundwater. .

These categorles are represented by coluurs on map &,

5.1.3. Use of the potential additional_resoufce

practically the p.a.r. is estimated from equation (a) Eor each unit of the
grid system, yielding the amount of water available per elementary unit and, by
a combination of these elementary units, per unit of administrative decigion.
Furthermore, the possible disposal in a unit of more water by pumping the neigh-
bouring units is indicated by ‘arrows on maps 4 ‘¥ these arrows give'the'direétion
of the transfer of water.

A few difficulties may arise from these definitions :

, the potential additional resource integrates all aquifers present in a‘unit’;
in the case of superimposed aquifers, this globalization may hide exploitation
problems related, for instance, to the fact that the upper aquifer, most easily
exploited, is already overdeveloped while the =zone presents a surplus because of
the other aquifer.

. the potential additional resource characterizes a unit as a whole ; if the unit
is large, the resource may well be located in some area of the unit only.

These difficulties, related to the scale of the study, can be avoided by
bearing in mind that maps 4 and the corresponding tables have to be used in
conjunction with maps | and 2, which will indicate when a zone of surplus may
present exploitation preblems related to the locatiom of groundwater in the
units.

it should be stressed that the p.a.r. should be used as an indicator for meid-
gement and planning at the scale of the study : it emphasizes zones with already

acute problems (overpumping) and zones with problems in'a ‘mear future (balance) ;
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it indicates the zones where a surplus of groundwater can be expected and where

possible new developments may take place, subject then of course to a much more

detailed study to specify the available amounts of groundwater and ‘their locations.
This indicator is wvalid within a given Member State and it is not possible,

at leasti’for the time being, to compare the available surpluses in terms of quan~

tities of water; because of the water management differences reflected in the

present study. Even in a given Member State, the estimated surpluses are liable

to variations with the water management policies, sometimes depending upon the

regional water authority.

3.2, EVALUATION OF THE GROUNDWATER RESOURCE

A basis for a comparison of groundwater availabilitiss is obtained by
examining the various elements taken into account by the Member States for their
groundwater budget. ' ; o

5.2.1, Hydrological and hydrogeological factors

The mean annual recharge is the mean quantity of water which infiltrates to
the aquifer:in a year. Tt is equal to the mesan groundwater flow and hence ‘to the
mean interannual natural flow brought by the aquifer to the rivers. This -infil-
tration depends on many factors like the precipitations, the lithology, the vege-
tation, the tepography. It verifies the global balance eéquation, ‘on a mean annual
basis :

I + Q8 = P = ETR

where 1 is-;hg infiltration, QS the runoff, P the precipitation and ETR the
real evapbﬁréﬁspiration.' ' i B

Wwhile P and ETR are measured or computed with reasonable and comparable
accuracy in the Member States, vielding the mean interannual tetal flow I + QS,
there is.uéually_uo intrinsic method brbvidihg I or QS. Twoe approaches are
generally considered for the measurement of I : I, considered as the mean ground—
water fléw; is obtained from an evaluation of the mean low water flow {(base flow)}
of the draining rivers and of other direct losses to the sea ; or T is taken as
a given fraction of the net precipitatioﬁ' P - ETR , called infiltration factor
or hydrogeological index, and dire:fly eafimhted from lithological considerations
and also from factors like geology, toﬁography, depth to the water table, climate
(winter and summer conﬁitions)._l& a very feg.céses'the infiltration is computed
with good accuracy with the helﬁ of mathematical models but, in most areas, its
estimation is based upon the intuition and experience of the hydrogeologists.

QS is also sometimes directly measured by gauging river basins.
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In Franmce, for instance, infiltration in karscified or highly fissured
limestones, where water infiltrates very easily, is taken as the part of the
net precipitation reaching a "real" infiltration area obrained by removing the
impervious levels (clay, for instance) from the total area and the index is simply
the ratio of real infiltration area te total area. Otherwise the indices are very
approximative, obtained by extrapolating many point balance studies and a few
modéels. _ : .

In Belgium, the order of magnitude of the infiltracion factor: is:20-30 Z while in
Ireland four types of ground covers have been defined with infiltration factors
of 80 Z (permeable), 50 % (moderately permeable), 20 % (poorly permeable),

0 %7 (virtually impermeable). In Demmark, a global reduction factor is introduced,
taking into account the infiltration and several constraints related to flow

and quality of the groundwater.

In Italy, catchment water baLance studies are performed where many data
exist, which are based on the evaluation of the basin output (base river flow,
direct flow to the sea, abstraétioﬁs) ; analog or mathematical models can also
be used ; infiltration wvalues are then extrapolated to other formations. The
orders of magnitude of the infiltration factors are : 25 - 35 % for sands,

30 .~ 45 ¥ for vulcanites, 25 - 55 % for limestone. !

While in the German Federal Republic, base stream flow is measured, in the
United Kingdom a combination of three methods is used : as most catchments in
England and Wales are gauged, run-off Q8 is directly measured yielding I by
difference with the mean interannual total flow ; the results are double checked
by an evaluation of the base stream flow ; third, the relationships between
actual rainfall and actual surface flow have been studied for various catchments
(about twelve) and an index derived mainly depending on the geology and which
can be extrapolated to other formations ; relatively few computer models have
also been derived.

In the Netherlands, the infiltration is directly estimated from the aquifer
characteristics and the net precipitation, taken as the upper bound of possible
replenisment of the aquifer. The situation in the Netherlands differs from the
situations of other Member States because the permissible abstraction is actually
determined by the constraints of the saline intrusion and the water table lewering
and not by the infiltration which is usuallly much larger ; thus the accuracy on
the infiltration does not play an important part.

With the exception of the areas where many data are known and catchment waler
balances and models can be made, the infiltration is thus known very approximately
by extrapolations based on the know-how of the hydrogeologists. The net precipi-
tation, of course, is the upper limit of infiltrations and can sometimes be used
a5 such in estimations of resources. Mention should be made of specific recharge

means like artificial recharge, river regulation schemes (in the United Kingdom)
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and bank infiltration ; in the Netherlands artificial infilcration through the
dunes: represents about 12.% of the total abstracted groundwater.

While . all Member States have long and dense records of precipitations (up to
the .year 1727 in England and Wales, for instance), evapotranspiration is more
difficult to measure. Three main approaches are used in the Community, the Penman
method, the formulas:of Thornthwaite and of Turc and the direct measurement :

. the Penman equation gives a daily evaluation of the evaporation from a hypothe-
tical water surface (related to the amount of tadiative energy gained by the
surface), which is converted to potential evapotranspiration from various types of
vegetation and then to actual evapotranspiration by applying a root constant which
varies according to the vegetation type. The Perman method is used in Ireland, the
Netherlands, the United Kingdom.
. the formula of Thornthwaite relates the monthly potential evapotranspiration to
the monthly mean Lemperature, while the formula of Ture relates the .annual actual
evapotranspiration to the mean annual temperature of air and to the annual rainfali.
These formulas are used in Belgium, France, Iraly.
. the direct measurement of ac:ual Evapotransplratlon is performed in lysimeters,
in Denmarlk.

5.2.2. The constraints R

The mean annual recharge is the renewable natural groundwater resource for the
concerned aquifer, The actual for exploitable) resource is usually much smaller
because the infiltrated water cannot be pumped out totally for technical and econo-
mical reasons (except when for some time period, the reserve is pumped. In general
then, natural replenishment will regularize the piezometriec levels ; of course, this
use of the“aquifer depends on the adopted bumping policy and on the type of aquifer
(coﬁf{ned or largely unconfined) ). These constraints are of various types but can
be classified in three main categories :

i) constraints related to the possible drawdown of the piezometric tevel :

. neﬁﬂssity of maintaining a minimum river flow (B, F, I, L, UK)

. mecessity of protecting existing abstractions (B, F, T)

. mecessity of protecting the vegetatlon (very zmportant in NL, important in
some regions of ¥, B) S '
nec3551ty of protecting the environment in general (B D DK, F, 1, NL)

. civil engineering problems, essentially related to soil stability and
subsidence (F, I with the famous cases of Venice and the tower of Pisa, KL}

. prevention of overdevelopment (B, F TK) !

11} constraints related to the qqality”pf groundwatér'f
essentially the prevention of seawater intrusion (most important inm NL, I,

DK, B, F, IRL, UK) : '

. prevention of low guality water use {F DK, 'I, UK)

. prevention of river aquifer contamination (DK, D, F)
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iii) constraints telated to exploitation difficulries, technical or economical :
These difficulties come from the nature of the aquifers (hardness of the rocks,

too. fine sands, low yields), from their depths (sometimes increasing 'with the
pumping), in general from the costs of wells and equipments (Fy; I, UK, D) ; for
example, in France-it is usually considered that: suchitechnical constraints will
limit the abstractions to a third of the groundwater flow of most-aquifers.

Between brackets, we have mentioned the Member: States which most usually
make use of these constraints. Usually, these constraints are not subject to
specific regulations and are determined at-local:levels according to the existing
environmental policy and general protection rules of existing abstractions.

It should be. stressed that a quantitative estimate of the amounts of ground-
water mobilized by the application of these constraints . is generally difficult.
Again the intuition and experience of the hydrogeologists will play. the most

important. part, scmetimes helped by mathematical models.

5.2.3. Evaluation of the groundwater resources in the Member States

The various compouents of the evaluatlon of groundwater resources are dittl—
zult to obtain : the infiltration is seldom accurately known.; besides, only
part of this groundwater flow will usually be the available resource and many
constraints will be Lntrcduced, reducing the available amount of grOundwater H
furthermore it w111 generally be dxff;cult to compute tth reduLtlon. the value
of which may sometlmes be determlned with srme accuracy in very $pEC1IlL cases.
Thus two attitudes are reflected hy the national reports and maps ! to glve
resource values which integrate the p0551b1e reductions due to constraLnts,
espec1ally when they express a rather permanent concern in the regional wacer
policy, or to give resource values based on the Lnflltratkon only ; in the last
case, constraints are listed separately, from a purely qualxtatlve.poinr df view,
considering that a purpose of the present study is to draw the attention of
managers and planners on thELr existence and that only spec1f1c local studies
and models will enable their cprrect introduction accordlng to the water mana-
gement and environmental policies. : -

The analysis hercafter shows that the first attitude has been adopted for
Denmark, the Federal Republic of Germany, the Wetherlands and some regions of
Italy while the aecond attitude has been adopted for ‘the other Member States.

. In Belgium, when estlmated, the resources are obtalned from the infiltration
values. Constraiﬁté are local, usually considered nore as advices than oblipations,
and each authorization of explnitatioﬁ may take them into account : they often
exist in equ111br1um or overdevelopment zZones, where a priority is given to a
replen1shmﬁnt of the aquifers (to prevent subsidence, "for instance). They are

not included then in the figures of the present study. A special mention should
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be made of the Franco-Belgian Commission on carboniferous limestones which has
the task of finding solutions to prevent the lowering of the piezometric levels
of transfrontier aquifers.
. In Denmark, estimated everywhere, the resources are obtained from the net
precipitation reduced by a factor which simultaneously accounts for the infil-
tration (related to various transmissivity, storage and run off constraints)
and for the existing constraints in the present policies (mostly water quality
conditions). Thus the figures provided in this study represent a reasonable
estimation of the presently utilizable groundwater resources.
. In the Federal Republic of Germany, the resources are obtained from the
infiltration values reduced by technical and economical comstraints. The figures
of the study represent the utilizable:groundwater_reaoufpes_according_to_;he
present policies of the Linder. This will explain the observed differences in
estimated resources for similar aquifer formations between, for instance,
Belgium and Germany. SRR L

In France, the resources are obtained from the infiltration values. The
constraints are considered from a very general puint of view and listed separa-
tely ; they are not introduced quantitatively in the estimates of the resources.
The available resources are discussed qualitatively, from the infiltration values
taken as upper limits of resources.
. In Italy, the resources are obtained from the infiltration values, reduced
by existing constraints (related to groundwater quality, to expleitation diffi-
culties, to subsidence problems, to the necessity of protecting existing rights)
. In Ireland, the resources are obtained from the infiltraticn values ; when it
occurs, sea water intrusion is taken into account as a limiting constraint.
. In Luxemburg, the resources are obtained from the infiltration values, empiri-
cally divided by two to account for the inaccuracies of the infiltration estimates
and the necessity of maintaining some stream flows.
. In the Netherlands, the resources are obtained from the infiltration walues
reduced by two types of constraints, respectively relating to sea water intrusion
and to water table lowering, which are quantified with the help of mathematical
models and regional cause-effect analysis. The figures provided in the study
thus represent the utilizable groundwater resources according to the present
environmental policy of the country.
. In the United Kingdom, the resources are obhtained from the infiltratiom values
Some constraints (sea water intrusion or exploitation difficulties) are listed
but not taken into account. Besides, the additional resources are estimated by
subtracting the actual abstractions from the resources, which does not account
for already existing licenses not fully used and the rights of which must be

preserved.
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For all Member States, the case of confined aquifers is complex : unless
they present some outcrop area or are completely modelled, their recharge is
estimated with difficulty. Tt is usually assumed to be zero and the resources
are estimated from the velume of the aquifer, the lowering of the piezometric

surface and economical constraints related to the exploitation difficulties.

5.3, S0ME CONCLUSIONS

The present work shows that the guantification of the potential resources
is very difficult because of the lack of field data and of regional studies. The
National Reports provide an order of magnitude of the upper bounds of available
groundwater volumes mostly based on infiltration estimates, sometimes weighted
by constraints. For alluvial aquifers, figures are not given, considering that
even geometrically small, these aquifers may yield a huge amount of water related
to the flow rate and quality of the river itself. In some reports, comments help
to get a more accurate local picture of the availabilities.

A quantitative comparisen of resources between the Member States is thus
unrealistic at the present stage of knowledge of groundwater resources: Yet the
maps 4 are a useful indication of the geographical distribution of ‘potential
resources for the first stage of a development planning by displaying the five
categories of the Community territory (surplus, balance, overdevélopment. local
resources, no resources) in a synthetical picture related to both the aquifers
and their exploitation. :

The first analysis of these maps shows that alfhough.éurﬁlus ZOnes. occupy
the major part of the territory, they are far from being homogeneously distributes
and that extended areas are already fully developed (i.e. there is'a balance
between the estimated resource and abstraction) and evén-averdeveloped, a very
rough planimetry for instance showing that overdeveloped areas occupy about 16

of the Dutch territory and 4 Z of the United Kingdom.
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Chapter &

CONCLUSION

The purposes of this study have been

to provide community ‘bases for an estimate 5f the groundwater resources of the
European Community i.e. to find'a common hydrogeclogical approach, to harmonize
the concepts, to compare the scientific tools, to obtain a common expression of
the scientific features.

. to provide an estimate of the groundwater resourcés within the frame of present
national water policies,'with'indicafions of ‘possible other developments, based
upon available data up to 1979. '

These aims have been achieved thanks to a community mapping supported and
compléted by ndtional reports. i

The study has gathered the following elements of the groundwater resource
balance :

i) ‘an inventory of the aquifers described by their geological, lithological,
geometrical and geographical features, with a cartographical representation of
three superimposed aquifers when necessary and indications of confinement and
permeability types.

ii) a hydrogeological description of the aquifers, stressing the transmissivities
and the flow directions.

iii) an estimate of the abstractions per unit area, also showing the main pumping
stations pointwise, distributed over a partition of the Community space into
combined administrative and hydrological units.

An estimate of the capacities of the Community to provide groundwater has
then been made by dividing the Community space into areas with more or less extra
available groundwater with respect to present abstraction, from an interpretation
of the groundwater resource balance. In particular, elements of the groundwater
balance have been tabulated, such as the net precipitation or the long term annual
average recharge.

It has been noticed that the general features of most agquifers are correctly
known but that many hydrogeological data are missing, especially for smaller or
less exploited aquifers. The exploitation data also display a lack of accuracy,

mainiy due to missing records, involving a general underestimate of the abstractions.
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In spite of these difficulries, the study provides the necessary elements
for both a Community and a national approach to groundwater management by bringing
facts. together, that have been usually dispersed among various studies, and analy-
zing data which have sometimes been processed here for the first time.

It provides water planners and decision makers of the Community with a refe-
rence basis at two levels : at the national level, it enables each Member State
to improve its knowledge of its own wealth ; at the Community level, it helps the
Member States to understand the problems of the others and gives them an integrated
picture of the Community potential resources. .

This study conflrms ‘the fact that the Communlty as a whole has Enough gruund-
water to satlsfy most needs. Yet a most, 1mportant result is that although globally
large and renewable, the groundwater resource regionally behaves like a limited
resource, even when consLderlng the long term annual average recharge and neglec;ing
all comstraints and quality aspects L it means. that reglonally the groundwater
balance is such that _problems arlse suff1c12nt1y acute to be percelved at national
and even Community levels. For 1nstance. every Hember State has large areas thhcut
resources or with loecal resources cnly 3 furthermore, some Hember States display
zones of water balance or overdevelopment (mainly in urban and 1ndustrlal areas)
which altogether are far from megligible. S N Ty

Besides, it appears tha£ groundwater, which is the only ﬁateé fésource of
Denmark and Itaiy, is already largely tapped in most Member States with the exceptivu
of the Republic of Ireland as illustrated by the follcwlng very raugh estimates of
present abstraction versus patentlal resources under present water pollcles_; 60 to
70 % in Belgium, 40 % in Denmark, 25 to 50 Z in France, 50 1 in Italy, 3 % in
ireland, 37 % in Luxembourg, 62 7 in the Netherlands, at least 25 % oin the Unlted
Kingdom.

Careful management is then nezded at regional, natlonal and Ccmmunlty levels
1ntegrat1ng both hydrologlcal and administrative and pol1t1cal regionalizations to
optimize the decls1nn making processes,

The processing of data and the reviewing of metrology and methods fequired
by this study have displayed Fhe unadequacy of the present scientific teols to
obtain all necessary parameters of the groundwater balance ; particularly, our
knowledge of recharge mechanisms and groundwéter flow is parﬁial Hence, if the
Community wants to correctly manage its groundwater, it ahould develop systemat1L
field work combined with mathematical modelling to improve the fundamental knowledge
of groundwater mechanisms and to refine the quantltatlve estimate of groundwater
resources. At last, the processing of exploitation data has shown that, in many
cases, abstractions are not known : if groundwater has to be managed like a limited
;esaurcé, better adapted and better enforced licensing and return systems should

be developed in most Member States.
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. ln conclusion Lt should not be forgotten that groundwater menagement is
part of total water resources managemenn. Tth study provides the necessary quanci-
tative bases for the management of the groundwater component of the hydrologic
eyele. It will be completed by a study of the quality and vulnerability aspects
of Community groundwater to refime the estimate of groundwater availabilities and
provide the qualitative bases for the management of the groundwater component of

the hydrologic cyele.

Comelugive remark about“thiﬁ“ﬂwmmmity work:

Not only does the present survey have the advantage of gathering the signi-
ficant data and facts. concernlng groundwater of ihe nine Member States in one
comprehensive study, insuring a homogeneous presentation and providing a basis
for possible comparisons, but it hds been performed in such a way as to be a
lesson for future Commuﬂlty work ‘Nine teams, “from the private as well as the
public sector, with dlfferent ways of thlnkLng and different field experiences,
have been set to work together under the leadership of the coordinator. They have
been asked of course to perform a glven task, defined by the coordinator, but alsu,
from the very beginning, thalr active partlclpatlon to conceptual aspects of the
study has been required by the cccrdLnator during several general meetings ; their
responses were then analvzed by the coordinator into a common appreoach, vielding
guldelxnes to the study. This method has enabled d1rect confrcntat1ons of ideas,
methods and uses between the consultants better understandlng of each other's
problems and sometimes of own problems ; above all, it has brought confidence and
interest in a very difficult and new task. The adopted methodology has encouraged
all participants to?putiﬁuch more work in the study than required by their written
contracts and to consider it alse as a scientific and human experience for them-
selves, bringing them new openings. We think that much can be learned from this

experience in the handling of Community problems by scientific teams.
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