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PREFACE

Although the total amount of water on Earth is generally assumed to have
remained virtually constant during recorded history, periods of flood and
drought have challenged the intellect of man to have the capacity to control
the water resources available to him. Currently, the rapid growth of
population, together with the extension of irrigated agriculture and
industrial development, are stressing the quantity and quality aspects of
the natural system. Because of the increasing problems, man has begun to
realize that he can no longer follow a "use and discard" philosophy - either
with water resources or any other natural resource. As a result, the need
for a consistent policy of rational management of water resources has become
evident.

Rational water management, however, should be founded upon a tnorough
understanding of water availability and movement. Thus, as a contribution
to the solution of the world's water problems, Unesco, in 1965, began the
first worldwide programme of studies of the hydrological cycle - the
International Hydrological Decade (IHD). The research programme was
complemented by a major effort in the field of hydrological education and
training. The activities undertaken during the Decade proved to oe of great
interest and value to Member States. By the end of that period a majority
of Unesco's Member States had formed IHD National Committees to carry out
the relevant national activities and to participate in regional and
international cooperation within the IHÛ programme. The knowledge of the
world's water resources as an independent professional option and facilities
for the training of hydrologists had been developed.

Conscious of the need to expand upon the efforts initiated during the
International Hydrological Decade, and, following the recommendations of
MemDer States, Unesco, in 1975, launched a new long-term intergovernmental
programme, the International Hydrological Programme (IHP), to follow the
Decade.

Although the IHP is basically a scientific and educational programme, UNESCO
has been aware from the beginning of a need to direct its activities toward
the practical solutions of the world's very real water resources problems.
Accordingly, and in line with the recommendations of the 1977 United Nations
Water Conference, the objectives of the International Hydrological Programme
have been gradually expanded in order to cover not only hydrological
processes considered in interrelationship with the environment and human
activities, but also the scientific aspects of multi-purpose utilization and
conservation of water resources to meet the needs of economic and social
development. Thus, While maintaining IHP's scientific concept, the
objectives have shifted perceptibly towards a multi-disciplinary approach to
the assessment, planning, and rational management of water resources.

As part of UNESCO's contribution to the objectives of the IHP, two
publication series are issued: Studies and Reports in Hydrology and
Technical Papers in Hydrology. In addition to these publications, and in
order to expedite exchange of information, some works are issued in the form
of Technical Documents.
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FOREWORD

A number of projects have been undertaken during phases I and II of the

International Hydrological Programme concerning groundwater protection and

pollution. Project 10.6, Integrated Land-Use Planning and Groundwater

Protection Management in Rural Areas, included in IHP phase III was a follow

up to the IHP II project Impact of Agricultural Activities on Groundwater.

This monograph provides the findings of project 10.6. Both of the above

projects were carried out by the Groundwater Protection Commission of the

International Association of Hydrogeologists (IAH), and are a contribution

by this association to the International Hydrological Programme.

The activities of project 10.6 included: organization of an international

symposium, publication of its proceedings, and preparation of a comparative

study on planning and management methods.

The international symposium on integrated and planned use of land and

groundwater protection, was held at Karlovy Vary, Czechoslovakia, in 1986

and its proceedings were published in 1987. The symposium was organized by

the IAH and sponsored by the Czechoslovak Government, UNESCO, FAO, WHO,

UNEP, and several international non-governmental organizations. It was

attended by 286 participants from 35 countries; 67 papers were published

in the symposium proceedings.

The conclusions of the symposium form the basis of the present comparative

study, which deals with the problems of integrated land-use and groundwater

protection management, and related environmental, economic and social

impacts. Modern scientifically based national planning and management of

natural resources require a sophisticated approach and comprehensive

analysis within the framework of national water policy and must satisfy both

the environmental requirements and socio-economic interests of society.

National groundwater protection policy and strategy should integrate both

aspects. The role of hydrogeologists is to provide scientific information

to enable well informed decisions to be made on protection of groundwater

and the rational use of land. The main objective of this study is to

contribute to sustainable land-use planning and rational management and
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protection of groundwater resources, in order to meet national goals and to

support economic and social development as well as environmental protection

of rural areas.

Besides the listea authors, many other members of the Groundwater Protection

Commission of IAH provided valuable suggestions during the preparation of

tnis study. Stimulating ideas and recommendations concerning its content

arose from discussions held during the Commission's sessions in 1987

(Budapest), 1988 (Berlin), 1989 (Skãly, Czechoslovakia) and 1990 (Biltnoven,

the Netherlands). Thanks are expressed to Mr. J.S. Gladwell, Project

Officer, UNESCO Division of Water Sciences, who cooperated actively in the

realization of the whole IHP/UNESCO project 10.6, Integrated Land-use

Planning and Groundwater Protection Management in Rural Areas.

Jaroslav Vrba,
Chairman
IAH Groundwater Protection Commission
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1. EXECUTIVE SUMMARY AND CONCLUSIONS

by
J. Vrba

The policy of rational planning and management of water resources, due to

the impact of human activities on the aquatic system, was included in the

first phase (1975 to 1980) of the International Hydrological Programme

(IHP). The mounting effects of human activities on water resources

aggravate many water quality problems. This is why many IHP-11 projects

strongly emphasised water protection, including the development of methods

to prevent the pollution of aquifers. I HP -111 stresses the importance of

the rational management of water resources for economic and social

development. Project 10.6 - Integrated Land-Use Planning and Groundwater

Protection Management in Rural Areas - deals with one of the basic concepts

of IHP-III. Groundwater protection must be planned and managed in an

integrated manner and should take into account the relevant social, economic

and environmental aspects. In this way the diverse national goals and

objectives may be achieved.

This study is mainly concerned with the qualitative aspects of groundwater

resources protection resulting from inadequate land-use management.

Quantitative depletion of groundwater resources is also covered, with

falling groundwater levels due to overdevelopment of aquifers the most

common problem. The consequences for groundwater quality of poor management

and uncontrolled land-use are much more complicated, long-term and may be

very difficult to remedy.

1.1 BALANCING LAND-USE AND GROUNDWATER PROTECTION

The level of sophistication and integration of the planning and management

of groundwater protection and land-use varies from place to place.

Integrated planning incorporates and coordinates sectoral planning. It

calls for a multidisciplinary approach and assessment of the requirements

for land-use and groundwater protection in rural areas.

Land-use planning in relation to groundwater protection management should be
seen as a dynamic process. Within it, hierarchical interests may conflict



and priorities change in terms of time (temporary, long-term, permanent) and

space (local, regional, national). The social, economic and environmental

impacts influence in various degrees the use and protection of land and

groundwater in rural areas. These include especially the growth of rural

settlements, development of local industries, the transport network, mining

and processing of minerals, tourism, farming, groundwater exploitation etc.

Specific circumstances based on natural conditions, cultural levels,

traditional customs, and educational development of a society, as well as

legislation and financial resources must be considered in order to achieve a

satisfactory balance. Reconnaissance studies and assessment of land and

groundwater resources should precede the planning process. Groundwater is

the most important source of drinking water in most rural areas throughout

the world, being the only permanent source of water in desert and arid

regions. Protection and conservation of groundwater is therefore a

top-priority task, particularly in such regions of limited available water

resources.

Land and water planning and exploitation should be harmonized with society's

interests. Their use and protection should not be seen as conflicting

problems. In many parts of our planet to sacrifice water for the benefit of

different uses of land and vice versa may mean the choice between thirst and

hunger. It is therefore always necessary to seek the optimum consensus as

far as land-use and groundwater protection are concerned.

1.2 CONSEQUENCES OF LAND-USE! FOR GRUUNDWATCR RESOURCES

The impacts on groundwater quality resulting from poor planning and

management of land-use in rural areas are manifold. The land-water system

is most seriously affected by spillages of chemicals, leakages from waste

disposal sites, pollution from faulty septic tank systems and various

agricultural activities. Problems posed by agriculture have increased in

range and intensity in many countries during the twentieth century.

Examples include changes in the structure of land-use, such as the

uncontrolled destruction of forests and the ploughing up of natural

grasslands to grow arable crops. Certain methods of irrigation and

excessive application of fertilizers are also causing serious damage to both

land and water in many parts of the world. The use of pesticides and

herbicides are another source of concern, as these have often been used



without consideration of their wider and long-term effects. Lowering of the

groundwater level by mines and the overpumping of aquifers have led both to

quantitative and qualitative impacts on groundwater resources.

The effects of diffuse pollution from farming (fertilizers and pesticides)

on groundwater quality is an especially serious problem in many European

countries and in some parts of the USA. They result from intensification

and specialization of agricultural production, in which the traditional crop

rotation has been replaced by monocultures and intensive breeding of a

single species of animal. The economic interests of agriculture usually

have been given unquestioned priority without concern for the environmental

impacts. This is particularly the situation when the consequences for

groundwater quality of an unsuitable fertilizer regime were not immediately

obvious. The management and control of the agro-groundwater system is a

complex task of general interest and great practical importance. It

requires a specific approach and solution in each region and a comprehensive

analysis of the physical and socio-economic aspects of those farming

practices that affect groundwater resources. This enables the adoption of a

systematic approach, and establishment of strategies and policies in the

utilization and protection of land and water.

1.3 DATA REQUIREMENTS AND DATABASE MANAGEMENT

Frequently, representative data are missing for decision-making on

integrated land-use in respect to groundwater protection in rural areas.

There are no organisational structures in many countries responsible for the

operation of monitoring networks, nor integrated databases for the different

components of the environment and sources of existing and potential

pollution. Information and communications systems are underdeveloped.

Moreover, frequently, there is a shortage of specialists able to apply the

data obtained from the monitoring activities.

A well developed and integrated monitoring system, including observations of

the natural processes and human impacts that affect the use of land and

groundwater, can help enhance antipollution policies and strategies. It

assists planning and management of land-use and groundwater protection and

enables anticipation or alleviation of threatening problems of groundwater

pollution. It also permits the study of the time and spatial changes in the



physical, chemical and biological composition of a groundwater system. The

benefits derived from the money spent on the design and operation of

monitoring networks and analysis of monitoring data, must be weighed against

the value of the information obtained. It is therefore generally accepted

that a monitoring programme is only beneficial if the data it yields are

applied and used for decision making.

It is particularly important to monitor the processes that take place in the

unsaturated zone so as to allow preventive protection of groundwater.

Unfortunately, routine monitoring of this zone has so far been performed

only in exceptional cases.

The importance is stressed of sampling techniques that are used to obtain

representative water samples from a pre-defined depth of the aquifer

(vertical profiling). The sampling frequency, appropriate density of

monitoring stations in local and regional networks, and special requirements

for the design and screening of monitoring boreholes are also emphasised.

Integrated automatic pilot monitoring stations are an essential requirement

for the collection of representative data on behalf of rural communities.

These stations provide the necessary quantitative and qualitative data on

air, water and soil. They provide valuable information both in areas of

intensive human impact and areas still with natural conditions. Data

acquisition and the related database management are part of the activities

and responsibilities of local and regional government. They are designed to

implement a comprehensive water and land-use strategy and policy that will

lead to the management and control of integrated land-use and groundwater

protection programmes.

1.4 LAND-USE PLANNING AND GROUNDWATER PROTECTION MANAGEMENT

Land-use planning and groundwater protection management in rural areas is

not an isolated programme. Rather it is an integral part of regional and

national economic and environmental policies and strategies. Specific site

land-use and groundwater protection programmes should be based on scientific

and technical analysis of the rural area studied, but should simultaneously

respect the goals, objectives and peculiarities of each rural community.

These need not be identical with the regional or national interests and



requirements. By the same token, the hierarchy of local priorities,

preferences or potential conflicts may follow a different time-scale than

the same aspects on a regional level. Soil and water resources in rural

areas generally should not be used for the benefit of a region or country

without the consent of, or compensation to, the rural community in

question. However, cases will exist where regional or national interests

may override the local ones (for example extraction of an economically

important mineral deposit, development of groundwater and its transport to

other regions etc.). What is important is that the local population be

informed in time of the reasons and the plans for land-use, and that it

morally - perhaps even financially - supports the implementation of such

programmes and projects, or that it has a certain profit from them. The

complex and integrated nature of the problems that occur in rural areas

require a multidisciplinary approach based on the modelling of alternative

scenarios of the current situation, predictions of the likely future state,

and application of the process of analytical hierarchy.

Systematic, scientifically based planning is essential for rational

integrated land-use and groundwater protection. The failure to consider an

integrated approach to the use and protection of natural resources will have

long lasting environmental, social and economic consequences. Remedies are

technically and financially demanding, and usually time consuming. Cases

are all too numerous where the deterioration or even destruction of a local

or regional groundwater system is so extensive that it cannot be rectified

on a human time-scale.

1.5 GROUNDWATER PROTECTION

In the past, protection of groundwater from the impacts of human activities

was not included in national water management plans. Nor was it an integral

part of regional hydrogeological investigations and development of

groundwater resources. The main reasons for neglecting groundwater

protection included:

groundwater is not a visible resource;

aquifer response to pollution usually is not immediate;

deterioration of groundwater quality was not identified due to the lack

of groundwater quality monitoring systems and networks.



In the 1950s it began to emerge that groundwater was at risk and not a

guaranteed safe source of water. Groundwater pollution and depletion

observed during the past few decades, especially in developed countries, was

having serious consequences in the environmental» economic and social

spheres. Considerable financial resources had to be spent on the treatment

of polluted groundwater used for drinking purposes, or on the transport of

drinking water to regions in which aquifers had been polluted or depleted.

Groundwater protection policy and strategy should be based on the concept

that prevention of pollution is always less expensive than aquifer

rehabilitation - a costly, long-term and technically demanding task.

Groundwater protection is not an isolated action but a long-term and

multidimensional programme. It comprises research, mapping, monitoring,

modelling and analysis of the changes and processes that take place in a

groundwater system.

Groundwater protection strategy should also be coordinated with the

protection of the remaining components of the hydrological cycle, land-use

planning and abstraction of other natural resources. This enables their

rational development and better allocation. Risk analysis, based on

modelling and forecasting of different scenarios, enhances decision-making

on the integrated use of land and natural resources which must include

groundwater use and protection.

Groundwater resources vary in their quality and vulnerability, and possess

different environmental and socio-economic values on regional and local

scales. The criteria for defining the management of groundwater protection

in relation to land-use therefore differ from one locality to another. They

can only be determined on the basis of adequate knowledge of the natural

conditions, taken together with a full and accurate listing of the human

impacts on the groundwater system in question.

Two categories of groundwater protection management exist: general

protection and comprehensive protection.

General protection covers both the exploited and the so far untapped

resources. The criteria for general protection of a groundwater system are

usually set in national and regional water management plans. The strategy



of general protection is based on good knowledge of the parameters of the

saturated and unsaturated zones of the groundwater system and its

vulnerability. It includes assessment of existing and potential pollution

sources, analysis of the data obtained from groundwater quality monitoring

networks and systems, and careful checking of legislative measures.

Comprehensive groundwater protection deals with public water supplies and

can have a major effect on the use of land in rural areas. The delineation

of protection zones - usually at two or three levels around water supply

systems - is obligatory in many countries. For areas with these protection

zones, changes, restriction or even prohibition of certain human activities

are stipulated. Therefore the benefits and costs of land utilization and

groundwater protection must always be defined simultaneously with the

delineation of these zones. The residence time of diffuse pollution sources

(particularly pollution of an aquatic system due to an incorrect regime of

fertilization) and non-degradable persistent pollutants, must be

investigated and evaluated with special care as they determine the extent of

the protection zones. Delineation of these zones requires the use of

up-to-date methods and techniques to minimise the degree of uncertainty in

their definition.

Internationally agreed scientifically based procedures, guidelines and

standards for the delineation of groundwater protection zones which

adequately take into account environmental and socio-economic requirements

are desirable.

1.6 LEGISLATION AND REGULATION

Legislative measures based on water and environment acts are essential for

implementing comprehensive groundwater protection strategies and policies.

Water acts - often covering both surface and groundwater - have already been

adopted in many countries. They are necessary so that national, regional

and local government may have the authority to enforce groundwater

protection. Water acts should be supplemented by the relevant regulations,

codes and standards that are essential for effective protection of

groundwater. Legislative measures should cover not only the protection of

utilised groundwater resources but also so far untapped sources. In only a

few countries is the water act linked with the environmental, and



socio-economic consequences of groundwater protection. Legislation on water

protection should De reviewed and updated at regular intervals (maximum ten

years). The principal purpose of water legislation is to ensure continued

good quality water for the benefit of the present and future generations.

Special attention should be devoted to regulations concerning the licences

and permits for groundwater abstraction, to prevent depletion of groundwater

resources and impacts on surface streams, soil humidity and vegetation.

The regulations on groundwater quality protection should first of all define

the responsibility of polluters, determine appropriate penalties and outline

satisfactory arrangements for the discharge of wastes. Within the

anti-pollution programmes, various incentives should be introduced.

Examples include tax relief or low interest loans, for the construction of

water treatment plants and waste-free industrial facilities, or grants for

the construction of recycling systems etc. Incentives to encourage

alternative farming methods using less inorganic fertilizers, changing to an

organic system of farming or even set aside should also be provided.

Where the polluter of groundwater is known, it should not be the general

rural population which has to bear the financial burden. The responsibility

for providing alternative watar supplies should be that of the polluter (the

polluter pays principle). However, it should be emphasized that sanctions

are only a temporary tool rather than a long-term solution to the problem of

groundwater quality protection and conservation. The protection of

groundwater must gradually evolve into prevention, and this process must be

strongly supported by legislation. In several European countries and in

North America, legislation and regulations solely to protect groundwater

have been appearing since the 1970s. Regular field inspection to monitor

compliance with water protection legislation is essential.

Another important aspect is international responsibility and cooperation in

the protection of groundwater resources from transborder pollution. This is

contained in the conclusions of the Helsinki Conference (Helsinki Rules.

1966): "Each basin state is entitled within its territory, to a reasonable

and equitable share in the beneficial uses of the water of an international

drainage basin".



1.7 IMPLEMENTATION MEASURES

The implementation of regional or local development and environmental

programmes requires the setting up of institutional and organizational

arrangements. These should be operationally independent and be responsible

for the planning, policy, strategy and management of integrated land-use and

the protection of groundwater resources. Well planned institutions with

clearly defined responsibilities play an important role in the protection of

groundwater systems. A multidisciplinary and intersectorai approach is

especially important. This also requires representative data obtained from

monitoring networks, easily accessible databases and a smooth transfer of

information. Budgeting and accounting procedures and availability of

trained manpower are important when implementing such programmes.

Participation of the rural community is very desirable, and public wishes

and fears should be taken into account by decision makers.

The programme of integrated land-use planning and groundwater resource

protection and conservation in rural areas is constrained by several

factors. These are economic, socio-political and technical, and sometimes

take priority over environmental considerations. Such is the case of soil

and water, the key natural resources for sustaining human life. Both are

non-renewable and usually highly vulnerable. The two resources often are

still being exploited intensively and in an uncoordinated manner, with

serious consequences for their quality (destruction of the soil organic

matter, groundwater pollution). The environmental impacts of the use of

soil and groundwater need therefore to be assessed in order to alleviate or

mitigate the adverse effects. This is not always possible. For example,

assessment of the social consequences of living in areas with an impaired

environment is only rarely part of a cost/benefit analysis. The incidence

of disease, death rates, psychological effects, human migration etc. are

intangible factors. Thay do not lend themselves readily to conversion to

financial equations on balance sheets.

Achieving the balance between land-use and groundwater protection puts heavy

demands on technology, human energy, finances, legislation, and control and

inspection systems. A properly functioning monitoring system is the final

link in the process of integrated land-use and groundwater protection. It

is the best guarantee that measures for pollution prevention are observed



and the environmental and socio-economic benefits for the rural community

will be attained.

1.8 PUBLIC INFORMATION AND EDUCATION

Public information and education programmes concerning integrated land-use

and groundwater protection should cover schools, the general public, policy

and decision makers, and land-users» especially farmers. Because it is

unseen, groundwater is a resource of which the general public is largely

unaware, which results in little thought for its protection. Mass media -

press, radio and television - are powerful tools for public environmental

education. However, the educational programmes must be presented in an

easily understandable form, making full use of attractive visual aids.

Good scientists may not always automatically be good communicators. They

often require special training on how effectively to present information to

the public.

Special efforts should be made to ensure that regional and local government

decision and policy makers are kept well informed of the importance of

groundwater protection.

Public education should be systematic and well organized. Environment

ministries or agencies should play an important role in public environmental

education for they are recognised by the population as competent authorities

with skilled experts at their disposal.

The scientific and technical quality of the information must be good and

relate to the level of knowledge possessed by the group of people to whom it

is addressed. Delay in providing information to a rural community, on the

environmental plans for their region, leads to numerous misunderstandings.

This can result in serious problems arising between the population and the

local/regional government. The use of maps, graphs and tables for

communicating information is often helpful.

Regular exchange of information is very necessary amongst scientists at both

national and international level to avoid duplication of research.

International scientific journals, as well as scientists' attendance at

10



international conferences, symposia and workshops are all valuable ways of

keeping people up-to-date with technical and administrative procedures.

Public understanding and support of the need for environmental programmes is

very important. This is especially true where sizable expenditure and

restrictions in land-use are involved. Such support is most likely to occur

when people are confident they are being kept fully informed by the

authorities. Potential conflicts and misunderstandings, within the sphere

of environmental protection, are likely to be minimised by using this

approach.
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2. BALANCING THE REQUIREMENTS OF LAND-USE AND

GROUNDWATER PROTECTION IN RURAL AREAS

by

J . Hahn

2.1 INTRODUCTION

The conflict between utilisation of land and protection of the environment

has existed ever since humanity ceased to rely for its needs solely on

natural ecosystems. In moving from the stage of hunter and gatherer,

through selection, breeding, and intensification of production of useful

plants and animals, humans have made ever increasing demands on the natural

environment.

This "agricultural revolution" was the starting point for securing and

raising food production and so encouraged settlement, population increase,

division of labour and the formation of organised states. Simultaneously,

increasingly massive inroads were made into the natural environment. Ever

increasing requirements of space for ever growing settlements demand

additional nutritional resources, creating special needs and more intensive

use of available space.

Even early cultures record water damage amongst the first effects of

intensive utilisation of land. This showed itself in the first instance, by

increased salinization of soil and in the reduction of the quality of

groundwater. Family and village wells became polluted by infiltration of

effluents from houses and the keeping of domestic animals.

Due to the rapid increase in the Earth's population, environmental pressures

accelerated worldwide. Increased demands were made on rural space by

industry, traffic, tourism, exploitation of mineral resources and

groundwater use, thus exascerbating the competition for ever shrinking

space.

The quality of groundwater, the most important and enduring foundation for

the provision of drinking water for the population, thus became increasingly

endangered by the effects of diverse, partially overlapping uses of the

13



available space.

2.2 LAND-USE AND GRÜUNDWATER

Groundwater is formed by percolation through the soil of precipitation and

surficial water. Thus the water acquires its chemical character essentially

by passing through the living soil and the unsaturated zone, from which it

dissolves not only naturally present constituents, but also artificially

incorporated pollutants. Depending on the amount of precipitation, aquifers

frequently require many lOOkm^ in area for replenishment, to service human

requirements. Dominant influences on the quality of groundwater are those

uses of large areas of land which introduce possible pollution, such as

agriculture. Point sources of pollution such as waste from mineral

excavations, waste disposal sites, small settlements and toxic accidents,

not only may cause concern locally, but may contribute considerably to

general damage to the overall quality of the groundwater.

The direct and indirect transfers, accruing to groundwater from different

land-uses, are wery numerous and complex, affecting both the quality and the

quantity of groundwater. Table 2.1 can but indicate this multiplicity. Not

least, because the various uses and incursions frequently overlap, so that

the deleterious effects can cumulatively enhance each other. Similar tables

could be constructed showing the consequences for soil and landscapes, as

well as the dangers to the economic, cultural and healthy development of the

population. These entail an uninhibited overlap of the various demands made

on a region.

Unfortunately these interconnections are often not yet realised, are

underestimated or in order to reduce costs are just ignored. Sometimes, it

may be apparent in the initial stages of proposed projects that the

short-term economic profit will cause serious damage in the long-term for

the population and for the regional economy.

A study of the relevant laws of different countries, including those of the

economically less developed, shows surprising care is lavished on the

protection of land and groundwater. In practice however, one realises very

quickly there is an enormous gap between theory and reality. This is due to

the simple fact that "no judge is required, if there is no plaintiff".
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Table 2.1 Land-use effects on groundwater quality and quantity

+) these are uses that change the composition of the water directLy or indirectly.

++) A: quantitative effect on ground and surface water.

B: qualitative effect on ground and surface water.

CAUSES +)

Construction
- industry sealing of surface
- trade excavations

high-rise building
- settlements - building on floodplains

- production, use, storage and
transport of potentially
polluting liquids

- cemeteries
- emissions into the atmosphere
- introduction of heat from
cooling facilities

Refuse disposal - leaking disposal sites

Waste water disposal
- introduction of waste water

seepage

- introduction of waste heat

Energy production - need for cooling water

- emissions into the atmosphere

Fisheries - siting of fishponds in regions
with wells

- stocking procedures

Leisure pursuits - certain sports

- allotments

Agriculture - irrigation, drainage,
alteration of crop growth

- river regulation
- fertilizers, slurry disposal,
use of insecticides, storage
of potential water pollutants

CONSEQUENCES

reduction of infiltration and recharge

lowering of groundwater level

increase in the quantity of run-off

introduction of

- pathogenic organisms (eg salmonella)

- hydrocarbons (eg oil, petrol etc)

organic substances of human or animal origin

poisons like: As, Se, Cd, Cr, Hg etc

alteration of the water temperature and therewith

reduction of the self cleaning cycle

infiltration of polluted water into ground and
surface water

introduction of pollutants or poisons

alteration of water temperature

reduction of quantity of drainage
lowering of groundwater table
introduction of pollutants via air into water

- introduction of nutrients, interruption of
ecosystem

- changes in the composition of the fauna and flora

reduction of infiltration by soil coiipactlon

aquatic sports: pollutants (eg CI2)

introduction of fertilizers

alteration of established run-off, increase in
seepage
rapid water removal
Introduction of: pesticides, herbicides, insecticides

and inorganic ions like Cl"? NÜ~3

Effects

A
A

A

B

B

B

B

B

B

B

A

B

OB
 

O
B

A

B

B

A

A

B

•ntinued next page)<
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Table 2.1 Land-use effects on groundwater quality and quantity (cont.)

+) these are uses that change the composition of the water directly or indirectly.

++) A: quantitative effect on ground and surface water.

B: qualitative effect on ground and surface water.

CAUSES +)

Production of raw materials

- Large-scale production of sand
and gravel

- mismanagement of water
resources

- change in flow direction of
groundwater

- exposure of groundwater
- decrease or removal of
protective cover

Supply of drinking and domestic water

- excessive demands

Transport - sealing of surface
- damming or interruption of
groundwater flow by under-
ground construction (eg Metro)

- salting of roads, accidents,
road-cleaning

Construction connected with water
- damming surface water
- lowering riverbeds for the
purpose of flood control

- regulation of riverbeds,
shortening of riverbeds

- riverbed and bank consol-
idation, construction of
regulation profiles

- piping, dam construction

CONSEQUENCES

- change in the direction of groundwater flow

- lowering of groundwater table

- water loss due to evaporation

- increased access by pollutants to groundwater

- lowering of groundwater table

- reduction in the quantity of run-off

- upward trend of deepseated, salty groundwater

- reduction of infiltration

- rise in run-off

- introduction of salt, petrol etc

- alteration of run-off conditions
- reduction of infiltration

- loss of flood plain, rise in flow velocity

- more difficult hydraulic connection of groundwater
with surface water

- total prevention of such hydraulic connection

++)
effects

A

A

A
B

A

B

A

A

B

A

A

A

A

A
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Plaintiffs, who even in industrialized countries, occasionally put their

faith in the efficacy of the divining rod and who credit mother nature with

supernatural abilities to cleanse pollution and, who moreover cannot

comprehend that clear water can in fact be highly polluted, indeed make poor

prosecutors! The prerequisite for the protection of a natural resource is

the acknowledgement of the existence of that resource; both its extent and

composition. This requires exploration and supervision, as well as an

interdisciplinary consensus on how the resource can be used safely by

competing interests in one and the same region.

2.3 GROUNDWATER PROTECTION THROUGH REGIONAL PLANNING

The difficult task in accommodating the various demands for the use of

available space, whilst at the same time preserving the land and protecting

the groundwater, can only be achieved through an integrated effort embracing

local, regional and national planning. Priorities should be assigned at the

planning stage and adhered to.

In this respect the geosciences have a decisive role, since they possess or

are able to obtain information, on the main relevant factors. These include

the occurrence and size of economic deposits, soil types, building or

construction materials and above all the availability of groundwater and the

natural conditions for the latter's protection. It is therefore necessary

to compile this geoscientific data in order to make it available to

planners. After all planning considerations can only contend with what is

actually known, quantifiable and warranted.

Hydrogeological maps are of great importance for the preservation and

protection of groundwater resources. A proven example are the maps of the

nature potential of Lower Saxony and Bremen, on a scale of 1:200,000. The

groundwater map of this series contains indications of the area needed to

recharge groundwater, the conditions for its protection, the transmissivity

of aquifers, natural salinity, and the groundwater level. It also includes

the location of the discharge areas of individual existing water sources, as

well as potential ones. Further information can be deduced.

Other maps in the same series portray the geology, soil types, building and

construction materials, near-surface raw materials, including classification
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of their economic importance, and deposits at greater depths like ores,

solid fuels, salt, oil and gas.

Those areas, both existing and potentially possible as recharge areas for

aquifers, were specially marked on a regional plan and classified as

priority groundwater regions. Future competing options in these regions are

not meant to interfere with the planned priority of the provision and

protection of groundwater.

These hydrogeological data are incorporated in a "Water Economy Plan" which

shows the countrywide groundwater resources, as well as the possibilities

regarding the quantitative and qualitative use of their measured

availabilty.

The hydrogeological delineation and planned protection of groundwater

bearing regions potentially suitable for use, is a first step towards

assigning priorities in groundwater protection.

This enables the decision maker to forestall new ventures that are contrary

to established utilisation options or requirements. Unfortunately the lack

of clear demarcation of groundwater resources, as well as their inadequately

known extent, frequently endanger the adoption of measures to prevent

pollution or enable rehabilitation of degraded groundwater.

2.4 GROUNDWATER PROTECTION AREAS

More readily identifiable and less costly measures of protection are

possible, if a clearly defined catchment area is considered. The location

of wells and the quantity of withdrawal should be established at an early

stage, which however presupposes a thorough knowledge of the groundwater

occurrence, as well as the natural conditions of protection which are

present.

The demarcation of such a "protection area" follows the identification of an

actual or planned withdrawal of a given amount of groundwater and should

contain the entire recharge area inclusive of existing aquifers. The

protective measures attempt to ensure that continually pure groundwater is

available in the source area. This does not require however, that the

18


