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Foreword

The increasing awareness of water issues in the Arab Region and the
prospect of an emerging water crisis during the first decade of the 21°
century has led to growing concern about the sustainable use of water
resources.

Since the Arab Region extends over arid and semi-arid zones,
groundwater constitutes the main source of water supply. Protection of
this resource is indispensably necessary to ensure sustainable
development.

ACSAD and BGR focus exactly on this issue by implementing their joint
project “Management, Protection and Sustainable Use of
Groundwater and Soil Resources in the Arab Region”.

This report constitutes one of the important outputs of the project. The
report aims at the prevention of groundwater pollution and presents
suitable methods for the protection of groundwater resources in the
Arab Region.

ACSAD is indebted to BGR and its staff for their fruitful cooperation in
our joint project.

By making this publication available to a wider audience, we hope to
provide not only technical solutions but also promote awareness for
these aspects in the Arab Region.

Dr. Adel Safar
Director General

S
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Foreword

This report is part of a series of Technical Reports published by the Technical
Cooperation Project “Management, Protection and Sustainable Use of Groundwater
and Soil Resources in the Arab Region”, which is being implemented by the Federal
Institute of Geosciences and Natural Resources (BGR), Germany, and the Arab
Centre for the Studies of Arid Zones and Dry Lands (ACSAD). This project started in
August 1997 and ends with its second phase in December 2003.

ACSAD was established in 1971 as an autonomous, intergovernmental organization,
working within the framework of the Arab League.

Many Arab countries are facing major environmental challenges. Water scarcity and
pollution in conjunction with the loss, degradation and contamination of land
resources have become core problems affecting public health and the socio-
economic development. Water and soil resources represent exhaustible and
vulnerable resources. Thus, a sustainable development of the Arab region requires
the implementation of guidelines concerning the protection and sustainable use of
groundwater resources and soils. The formulation and dissemination of such
guidelines is the main goal of the project.

The present report deals with the preparation of a National Guideline for the
Delineation of Groundwater Protection Zones in ACSAD member countries.

Since the renewable water resources in many ACSAD member countries are very
scarce the sustainable management of these resources with regard to quantity and
quality is a task of prime importance.

The agricultural development in most of these countries started in the early 1970s
and nowadays a large share of the renewable water resources is being used for
irrigation. The increased agricultural land use brought about a deterioration of
groundwater qualities in many areas through the application of fertilizers and
pesticides. This is noticed chiefly by the increasing salinities caused by irrigation
return flows, but also by continuous increases in the nitrate contents in groundwaters
downstream of extensively cultivated areas.

Groundwater quality is also largely affected by other land uses, such as industrial
sites, oil storageffilling facilities, sewage effluents (treated and untreated sewage),
waste disposal sites (legal/illegal), etc. This is noticed especially in urban and heavily
industrialized areas.

In order to protect and conserve the groundwater resources in the ACSAD member
countries a National Policy on Groundwater Quality Conservation needs to be
implemented. In a first step the sources for domestic water supply should be
protected by establishing groundwater protection zones. The implementation of such
protection zones can, however, only be successful, if a legally binding regulation or
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Guideline _for _the Delineation of Groundwater Protection Zones is adopted. This
guideline may define zones in which certain activities and land uses are allowed or
restricted.

Such guidelines are in place in most developed countries since several decades and
have served to protect groundwater resources effectively from becoming polluted by
point sources and diffuse pollution sources.

The aim of this report is to help the adoption of a National Guideline for Groundwater
Protection Zones and to facilitate the discussion about long-term strategies and the
required measures to avoid the pollution of groundwater resources.

To provide an effective protection of the groundwater resources, it is also important
to convince the land use planning authorities to take the issue of groundwater
protection into consideration when deciding about locations and conditions for the
establishment of facilities and activiies which are possibly hazardous to
groundwater, such as waste disposal sites, sewage treatment plants and sewer
mains, industrial and commercial estates, storage facilities for oil products and toxic
hazardous substances, etc. By locating such sites in areas where a contamination of
the groundwater resources cannot occur, a deterioration of the groundwater
resources can be actively avoided.

Part A of this report gives an overview on the current practice concerning
groundwater protection zone delineation in developed countries. Part B contains a
proposal for a guideline on the delineation of groundwater protection zones. In part C
the present status in selected ACSAD member countries is presented together with
the institutional framework and legal basis.

Vol-5_Guideline-Groundwater-Protection-Zones.doc Page 2
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Part A Review of International Guidelines for the Delineation of
Groundwater Protection Zones

1 General Aspects of Groundwater Protection Zone Delineation

A guideline for the delineation of groundwater protection zones aims to protect
important water wells and springs from becoming polluted. For this purpose the
ordinance of a groundwater protection zone usually sets out restrictions for land uses
and human activities inside these zones. The establishment of groundwater
protection zones does not prevent the contamination of groundwater resources in
areas outside of these zones. Therefore other laws and regulations are required to
prevent such contamination, such as regulations for the establishment and
maintenance of waste disposal sites, industrial estates, sewage collection and
treatment facilities, oil storage facilities, etc. In conjunction with all such regulations
monitoring schemes with defined procedures have to be set up to provide that these
regulations are correctly being implemented and followed.

In general the national legislation on water protection should be guided by the
polluter-pays-principle, i.e. in case of a proven pollution the polluter has to be made
responsible for covering the costs for a rehabilitation of the groundwater resources to
their prior quality. Such clean-up operations may become extremely costly, time-
consuming and difficult.

The protection of groundwater quality is a very complex issue. It concerns not only
groundwater but also surface water resources, since there is a strong relationship
between both of them. Groundwater may discharge into surface water (influent
condition) and vice versa (effluent condition). Thus, the protection of groundwater
and surface water is nowadays often implemented in so-called watershed
management plans for surface water catchment areas, in order to protect the water
quality not only at selected places, such as springs and water wells used for water
supply, but in the entire catchment area.

The protection of the soil quality is as important for groundwater protection as the
protection of the water itself, because the soil plays an important role for the chemical
and biological processes which take place in the unsaturated zone and lead to a
retardation, adsorption, or degradation of many substances hazardous to
groundwater. Therefore, many countries have also adopted laws on soil protection in
recent years.

1.1 Legislative Requirements

Depending on the importance and local requirements many countries have
developed considerably different legislations. In some cases the issue of
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groundwater protection is dealt with at national level, whereas other countries use a
more decentralized approach. Mostly there are federal laws, which define the main
goals, whereas the details are laid down in by-laws or in laws of the provinces/states.
Whichever way is chosen for the establishment of guidelines, it is recommended to
attach the aspect of groundwater protection to an existing national water law as is the
case in most countries.

The ordinance of a groundwater protection zone is commonly initiated by the public
interest and requires legal certainty for all defined restrictions on land use and human
activities, i.e. it must be based on legally binding laws and regulations. One has to
keep in mind, however, that these restrictions have to be justified and appropriate for
reaching the goal of groundwater protection. It has to be verifiable that the
restrictions serve to protect the groundwater resources and cannot be reached by
other, less costly, means. The terminology and formulations used have to be clear
and concise. Depending on the locally binding legislative procedures, ordinances for
protection zones usually require the participation of the public in the form of public

hearings.

A further prerequisite is that the protection of groundwater resources by an ordinance
has to be necessary and that there are no alternatives in doing so (in some cases it
might be possible to relocate water abstraction facilities with much less costs than
required for protection measures at the present site).

The boundaries of the protection zone usually follow administrative boundaries, i.e.
the boundaries of land plots, topographic features, etc. They should be as close as
possible to the boundaries defined by the hydrogeological study. The extent of both
of these boundaries needs to be justified and should be kept as small as necessary.
On the other hand they have to be large enough so that the protection of the
groundwater resource is still guaranteed.

For the implementation of the restrictions and the monitoring of the implementation
the administrative responsibilities of the involved authorities have to be clear. The
responsibilities, tasks and time schedules should be laid down in a document.

1.2 Socio-Economic Implications

The definition of restrictions for land use and human activities in groundwater
protection zones deeply affects the people living in protection zones. Land uses and
activities, which were practiced since a long time, may not be allowed anymore after
the issuance of the groundwater protection ordinance. Depending on the national
legislation, the modification or withdrawal of preexisting rights, such as water rights,
land cultivation rights, rights for industrial operations, etc., may not be easy. In such
cases many countries have included the payment of compensations for abolishing
pre-existing rights in their legislation.

The experience in many developed countries shows that public participation in the
frame of the administrative procedure for the establishment of a groundwater
protection ordinance is crucial to its acceptance. People usually are easy to convince
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if they have been actively involved in the process. They are even more aware of the
requirements and necessary consequences if the protected water resources are
used by themselves. However, in many cases the municipality using the water
resources (downstream) is not identical with the municipality deteriorating the quality
of the water resource to be protected.

Therefore, public awareness for the necessity of the establishment of a groundwater
protection zone and for safeguarding the quality of (ground)water resources has to
be created. Public awareness campaigns addressing all people, especially the young
generation, are an important activity when introducing groundwater quality
conservation measures.

1.3 Methodological Approaches

The advantage of groundwater against surface water is inherent in its character.
Groundwater is usually stored in a medium of consolidated or unconsolidated rocks
that allows only low flow velocities in contrast to surface water. The chemical and
biological processes in the unsaturated zone, especially in the soil (FOSTER &
HIRATA 1988, MORRIS & FOSTER 2000), lead to a natural protection of the
groundwater resources against pollution. If, however, this protective cover is
removed or contaminants reach the groundwater by other means (for instance
through boreholes) and groundwater becomes contaminated, the clean-up of such
contaminated groundwater is extremely difficult, time consuming and costly.

When delineating a groundwater protection zone, one has to keep in mind that this
process underlies considerable uncertainties due to the fact that most of the required
parameters are not known exactly and that these parameters have a high spatial
variability.

Usually a hydrogeological study will be prepared by qualified consultants or
governmental institutions. In order to guarantee that the same methods are being
applied, a catalog with all required information and a guideline how to prepare such a
study needs to be provided by the responsible authority. A proposal for a standard
outline of a hydrogeological study report is attached as Annex B-5.

1.4 Costs

The regulations concerning the cost coverage are very different in the countries
considered in this report. However, since the basis for the issuance of an ordinance
for a groundwater protection zone is in the public interest, the costs are commonly
covered by the government (at national, provincial or local level). In other models the
costs are being covered by the water supply company, so that in the end the
consumer is charged with these additional costs.

The costs involved encompass:
e The costs for the preparation of a hydrogeological study;
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e The costs for the administrative procedure, including public awareness
campaigns and public hearings;

e The costs for implementation (e.g. costs for relocation of facilities hazardous
to groundwater, compensation costs);

e The costs for monitoring of compliance with the implementation (groundwater
quality monitoring, monitoring of effluents from sewage treatment facilities,
monitoring of compliance with best agricultural practices, etc.).

Extensive data have to be collected and analyzed for the hydrogeological study. In
some cases there may not be enough existing data to delineate the groundwater
protection zones so that it may become necessary for instance to drill new wells,
conduct tracer tests, monitor spring discharge over a long enough time period, etc.
Such measures may become quite expensive and are only justified for large water
abstraction facilities or if there are many such installations in the same area. Based
on the experience made in Germany, the completion of such hydrogeological studies
usually takes more than one year. Most studies are based on existing data (it has to
be mentioned, however, that data availability is much better there than in less
developed countries). The costs for such studies may vary between a few ten
thousand USD to more than 100,000 USD for a single water well or spring (prices for
Germany, based on the assumption that the studies are prepared by consultants). If
additional data have to be collected the costs may increase considerably (often
hydrological data have to be collected over at least one year).

The costs of the administrative procedure are difficult to estimate and largely depend
on the required input. Usually the hydrogeological study is being forwarded to a
governmental institution which has to approve it. In order to reach a common
understanding about what is required from a hydrogeological study, it is very
important that the approving institution lays down its demands in a concept for the
preparation of hydrogeological studies and discusses in advance with the consultant
the necessary steps for preparing the study.

The costs for awareness campaigns and public hearings are usually not very high,
especially if standard information material is available already. Such information
material should be prepared by the involved institutions.

The costs for the implementation of a groundwater protection zone depend very
much on the preexisting land uses. In areas where the institutions come to the
conclusion that a relocation of certain land uses or a clean-up of an aquifer is
required, the involved costs can easily reach several hundred thousand USD. If,
however, it is only required to construct fences and sign posts stating where the
boundaries of the groundwater protection zone are located, the costs would be low.

If modifications in the agricultural use or practice are required, such as the
introduction of methods of best-agricultural-practice, it is recommended to give
advice to the local farmers through the local agricultural extension service. In some
cases it might be demanded not to use fertilizers or pesticides anymore or to keep
the farm land fallow. Then it might be necessary to compensate the local farmers for
doing so. Good experiences have been made in Germany with so-called cooperative
agreements between the farmers and the water supply company. In this case the
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latter would pay for the compensation and/or the agricultural advice and/or for
planting only certain crops.

The monitoring of compliance with the implementation needs to follow a well defined
procedure. It needs to be monitored for instance whether the farmers apply the
demanded restrictions concerning the use of fertilizers and pesticides. Also it needs
to be monitored whether regulations concerning sewage water are being followed,
and so on. It has to be clear which authority is responsible for the monitoring of the
implementation and it has to be clear what is allowed and what is not.
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2 Guidelines for the Delineation of Groundwater Protection Zones
of Selected Countries

The following subchapters describe how the delineation of groundwater protection is
regulated in different countries of the world which look at a long history in doing so.

First the legal basis for groundwater protection zone delineation is mentioned. In
many countries there exists a large number of laws, by-laws, regulations, ordinances,
etc., all dealing with the issue of protecting the groundwater resources. Mostly they
are all integrated into one single law defining the main goals. These laws are then
supported by by-laws, regulations, ordinances, etc. Sometimes there are laws at the
federal level as well as at the provincial or district level. In such cases, the federal
usually supersede the provincial and the provincial the district laws, regulations, etc.
Mostly the aim of such a structured legislation is to become more and more specific
and detailed the lower the level gets, as far as restrictions and permissions for certain
human activities are concerned. This is because mostly the responsibility for the
implementation lies with the medium and lower level water or environment
authorities.

Secondly the distribution of responsibilities and roles of the involved agencies is
described, i.e. who is doing what and how costs are covered. Next the system of
groundwater protection zoning is presented as well as the methods that are being
used to define the boundaries of the zones. Finally the advantages and
disadvantages of the delineation system are discussed and the country's supporting
laws, by-laws, regulations, ordinances, etc. are listed.

2.1 Europe

The European Parliament has issued a number of Directives dealing with water
protection issues, such as:

e Directive 2000/60/EC: Establishing a Framework for Community Action in
the Field of Water Policy (Water Framework Directive);

Directive 98/83/EC: The Drinking Water Directive;

Directive 85/337/EEC: The Environmental Impact Assessment Directive;
Directive 86/278/EEC: The Sewage Sludge Directive;

Directive 91/271/EEC: The Urban Waste-water Treatment Directive;
Directive 91/676/EEC: The Nitrates Directive;

Directive 96/61/EC: The Integrated Pollution Prevention Control Directive;
Directive 86/280/EEC: The Dangerous Substance Discharge Directive.

These Directives have to be adopted by and integrated into the legal framework of
the member states within a specified time period.

Vol-5_Guideline-Groundwater-Protection-Zones.doc Page 8




ACSAD-BGR Technical Cooperation Project
Management, Protection and Sustainable Use of Groundwater and Soil Resources in the Arab Region
Volume 5 - Guideline for the Delineation of Groundwater Protection Zones

The Water Framework Directive aims to create a framework for the protection of
inland surface waters, transitional waters, coastal waters and groundwaters in order
to among others (1) prevent a further deterioration and to protect and enhance the
status of aquatic systems, (2) promote the sustainable water use, and (3) ensure the
progressive reduction of pollution of groundwaters as well as prevent its further
pollution [article 1]. Concerning groundwaters the Directive states that the member
states shall [article 4]:

¢ Implement the measures necessary to prevent or limit the input of pollutants
into groundwater and to prevent the deterioration of the status of all bodies
of groundwater;

e Enhance and restore all bodies of groundwater, ensure a balance between
abstraction and recharge of groundwater with the aim of achieving good
groundwater status at the latest 15 years after the date of entry into force of
the Directive;

¢ Implement the measures necessary to reverse any significant and sustained
upward trend in the concentration of any pollutant resulting from the impact
of human activity in order progressively to reduce pollution of groundwater.

The member states have to establish River Basin Management Plans for (1) surface
waters, (2) groundwaters, and (3) protected areas by at the latest 9 years after the
date of entry into force of the Directive and every 6 years thereafter.

According to article 24, member states have to bring into force laws, regulations and
administrative provisions necessary to comply with the Directive by 22 December
2003. The member states presently put much effort into reaching this goal.

211 Germany

Legal Basis and Responsibilities

The establishment of groundwater protection zones was enacted in Germany already
in 1957 in the frame of the German Water Act (§ 19 Wasserhaushaltsgesetz). Apart
from this national law, every German state has commonly established its own more
detailed water law. Regulations for groundwater protection have been issued by the
DVGW (1959, 1975, and 1995) and by the individual states in different forms. The
regulations adopted by the states follow in general the DVGW regulation W 101 but
often set more specific and detailed restrictions. However, the methodology used for
the delineation process and the definition of the zones is more or less the same in all
states.
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Zoning System

In general it is distinguished between three different zones (Figure A-1):

Zone | — The immediate protection zone is defined by a distance of at least
10 m from the water well, not less than 20 m in the upstream direction of a
spring and at least 30 m in the case of a karst aquifer. It provides against
direct contamination at the well itself.

Zone Il — The inner protection zone is defined by the 50-day travel time but
has to be not less than 100 m from the well or spring. It provides against
contamination particularly from pathogenic microbiological constituents and
from other contamination which may be hazardous.

Zone lll — The outer protection zone encompasses the entire contribution
zone of the groundwater catchment area (may be subdivided into zones Il A
and IlIB, see below). It provides protection against contamination affecting
water over long distances such as radioactive substances or chemicals
which are not or not easily degraded.

Width of area contributing
to groundwater abstraction (B)

-
'

Protection zone Il B
Protection zone |l A

Protection zone Il

Protection zone |
|~
2| B2

«— 2km < >

® Groundwater well

Figure A-1: German Zoning System

In general it is distinguished between delineation of groundwater protection zones in

Unconsolidated aquifers;
Fractured hard rock aquifers; and
Karst aquifers.
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The zoning system as well as the methods used for the delineation of boundaries is
considerably different for these aquifers:

Zone lll may be subdivided into sub-zones Il A and Ill B. In case of porous rock
aquifers with groundwater flow velocities of less than 10m/day, the boundary
between zone IIl A and Il B should be located approximately 2 km upstream of the
well. Distance should be greater if flow velocities are higher.

In the case of uncovered karst and fissured rock aquifers with high flow velocities,
zone |l may not be subdivided, if the time required for groundwater from the entire
catchment area to flow to the well is less than 50 days and the area would therefore
have to be classified as zone Il. A subdivision into zones Ill A and Il B may only be
made if the aquifer is covered by continuous, thick, low-permeability strata. If such
strata exist, areas with a continuous undisturbed cover may be classified as zone IlI
B, if the cover consists of at least 8 m clayey/silty strata or if the cover contains
perched groundwater separated from the aquifer by an intact impervious layer of a
thickness of at least 5 m.

For the delineation of the 50-day travel time (i.e. the outer boundary of zone Il), the
German guideline W 101 specifically names the use of hydraulic models as standard
method. The determination of this boundary has to be based on the average daily
discharge rate or the maximum daily discharge rate. Dispersion has to be taken into
account only if groundwater table is low or if impervious strata overlying the aquifer
are absent.

The extension of zone Il upstream from the well should be in no case less than 100
m or 50 m in cases where circumstances warrant such a decision. If the depth of
groundwater is very great, zone Il may be shorter than provided for above, in the
case that local geological conditions warrant. Zone Il is not needed if the water is
exclusively produced from deep horizons covered by impervious overlying strata and
if all wells entering these horizons are sealed properly or if all water is covered by
low-permeability layers of sufficient thickness between the well and the line from
which the water takes 50 days or less to flow to the well.

For karst aquifers the guideline defines that, zone Il may be narrower, if the narrow
protection zone for a karst aquifer was to comprise the complete area from which
water takes 50 days to flow to the well, but should in any case comprise all areas in
which contamination may occur due to an increased hazard to the karst aquifer, such
as
e Slopes or dry valleys declining towards the catchment area;
o Deep karst basins, sinks, dolines and cockpit karsts and their immediate
surrounding, especially swallow holes;
e The surrounding of stream or brook intakes;
e Deep-cut dry valleys, draining partly or temporarily surface water or featuring
areas of infiltration;
e Areas in which karst aquifers have been excavated by mining;
e Areas featuring near-surface tunnels collecting groundwater; and
¢ Near surface shatter zones or outcropping fault areas.
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If deep karst aquifers are covered by thick strata of low permeability overlying the
entire catchment area, zone Il may not be necessary.

The boundaries of protection zones should, wherever possible, follow roads, tracks,
property lines or landmarks, such as the edges of forests, embankments, or bodies of
water and should not be located inside the boundaries determined by
hydrogeological methods.

A detailed description about what is required from a hydrogeological study, which
methods could be used and how the boundaries of the zones are practically obtained
is laid down in ECKL et al. (1995).

The protection zone plan issued by the Groundwater Protection Zone Ordinance
shows the boundaries of the zones I, Il and Ill as they were determined by
hydrogeological investigations (hydrogeological boundaries) and the actual
administrative boundaries, following natural boundaries or boundaries of
landownership.

The Jordanian-German Technical Cooperation Project 'Groundwater Resources of
Northern Jordan' established a groundwater protection zone for the Pella spring
(Tabagat Fahel) based on the German guideline in 1999 (MARGANE et al.1999).

Restrictions

The listing of hazardous activities and sites as mentioned in the guideline W 101
suggests various limitations, restraints and exclusions of certain land uses, but
provide reasonable flexibility. This is because most of them are described in more
detail in the regulations of the individual German states.

As an example the regulations used in the State of Lower Saxony are listed in Annex
A-1.

Advantages

The guideline is easy to apply in all kind of aquifers. The zoning system is consistent
with the main protection targets and does not specify unnecessary large protection
zones. The restrictions are often very strict but not unjustified. Altogether, the
German regulations have proven to be effective.

Disadvantages

With the implementation of the EC Directive on nitrate in groundwater (91/676/EEC;
maximum allowable limit 50 mg/l) issued in 1991 and replacing the former drinking
water standard of 90 mg/l many water works, especially those in areas of intensive
agricultural use, faced problems. The German regulations do not include protection
of important groundwater resources which may be exploited in the future. In many of
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the federal states so-called water priority areas (Wasservorranggebiete) have been
defined. But until now the groundwater quality in these areas is not protected by law.
Therefore the SRU (1998) demands the establishment of a legal basis for a more
comprehensive groundwater protection in Germany. According to SRU the
preparation of so-called groundwater vulnerability maps should be conducted for all
of Germany following an accepted methodology. These should be supported by
maps showing the hazards to groundwater, so that the identification of areas and
places where measures to protect the groundwater resources is facilitated. SRU also
suggests that for water resources management and protection a uniform system
should be developed, instead of every State using its own system.

The regulation provides no sufficient guidance for the delineation of protection zones
in karst aquifers. HOTZL (1996) suggests that groundwater vulnerability maps, such
as those proposed by the COST group (EUROPEAN COMMISSION 1995; compare
EPIK method in Annex A-4) should form the basis for the delineation of protection
zones in karst areas.

Furthermore a contingency plan or emergency response plan in case of accidental
pollution or imminent health risk has not to be prepared. Even though most water
supply companies have prepared their own such plans, the preparation of a
contingency plan should be included in the laws and regulations.

The limited public participation and the complicated responsibilities and legal bases
are often criticized (SRU 1998).

Other laws and regulations concerning groundwater protection issues
Accompanying laws and regulations in Germany are the:

e Drinking Water Standards Ordinance (Trinkwasserverordnung, TVO 2000);

e Guideline on Protection Areas for Drinking Water Reservoirs (Richtlinie W
102 - Schutzgebiete fur Trinkwassertalsperren, DVGW 2002);

¢ Guideline on Protection Areas for Lakes (Richtlinie W 103 - Schutzgebiete
fur Seen, DVGW 1975);

e Guideline on the Treatment of Forests in Protection Areas for Drinking Water
Reservoirs (Richtlinie W 105 - Behandlung des Waldes in Schutzgebieten
fur Trinkwassertalsperren, DVGW 1981);

¢ Guideline on Military Properties and Exercises in Water Protection Zones
(Richtlinie W 106, Militarische Ubungen und Liegenschaften der Streitkrafte
in Wasserschutzgebieten, DVGW 1991);

¢ Guideline on Protection Areas for Curative Springs (Richtlinie fur
Heilquellenschutzgebiete, LAWA 1998);

e Best Agricultural Management Practices in Water Supply Areas
(Gewasserschiutzende Landbewirtschaftung in Wassergewinnungsgebieten,
LAWA 2001);

e Guideline on Civil Engineering Measures concerning the Construction of
Roads in Water Protection Areas (Richtlinien fur bautechnische MalRnahmen
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an Strallen in Wassergewinnungsgebieten, RiStWaG, Forschungs-
gesellschaft fur StralRen-und Verkehrswesen 2002);

e Groundwater Ordinance (Grundwasserverordnung, GrWV, 1997),

e Federal Soil Protection Act (Bundesbodenschutzgesetz, BBodSchG, 1998),

e Guideline for Sewer Canals and Sewer Trunk Lines in Water Abstraction
Areas (ATV-Regelwerk, Arbeitsblatt A 142, Abwasserkanale und -leitungen
in Wassergewinnungsgebieten 1992);

e Groundwater Ordinance (Grundwasserverordnung, 1997);

¢ General Administrative Regulation on the Classification of Substances
Hazardous to Water into Hazard Classes (Verwaltungsvorschrift
wassergefahrdende Stoffe, VwVwS, 1999);

¢ Ordinance on Hazardous Substances (Gefahrstoffverordnung, 1999);

¢ Waste Avoidance and Management Act (Kreislaufwirtschafts- und
Abfallgesetz, KrW/AbfG, 1994);

e Code of Practice Domestic Waste Disposal (Technische Anleitung
Siedlungsabfall, 1993);

¢ Ordinance on the Environmentally Safe Disposal of Domestic Waste
(Verordnung Uber die umweltvertragliche Ablagerung von Siedlungsabfallen,
2001);

e Environmental Impact Assessment Act (Umweltvertraglichkeitsgesetz,
UVPG, 1990, 2001);

e General Administrative Regulation on Environmental Impact Assessment
(Allgemeine Verwaltungsvorschrift zur Ausfihrung des Gesetzes tber die
Umweltvertraglichkeitsprifung, UVPVwV, 1995);

e Federal Nature Protection Act (Bundesnaturschutzgesetz, BNatSchG,
2002);

e Federal Immissions Act (Bundes-Immissionsschutzgesetz, BImSchG, 1990);

e Federal Immissions Ordinance (Bundes-Immissionsschutzverordnungen,
BIlmSchV, 1997);

e ATV Code A 138 — Design and Construction of Facilities for the
Decentralized Infiltration of Uncontaminated Storm Water into the Ground
(Bau und Bemessung von Anlagen zur dezentralen Versickerung von nicht
schadlich verunreinigtem Niederschlagswasser, 1990);

e Sewage Water Discharge Fees Act (Abwasserabgabengesetz, 1994);

¢ Ordinance on the Discharge of Sewage Water into Water Bodies
(Abwasserverordnung, 1999);

e ATV Code A 142 — Sewerage in Water Protection Zones (Abwasserkanale
und Leitungen in Wassergewinnungsgebieten, 1992);

e Sewage Treatment Sludge Ordinance (Klarschlammverordnung, AbfKlarV,

1992);

DIN 4261 — Small Sewage Treatment Plants (Kleinklaranlagen, 1990);

Fertilizer Act (Dungemittelgesetz, 1977);

Pesticide Act (Pflanzenschutzgesetz, 1996);

Pesticide Application Ordinance (Pflanzenschutzanwendungsverordnung,

1987);

Fertilizer Application Ordinance (Dungeverordnung, 1996);

e Regional Planning Act (Bundes-Raumordnungsgesetz, ROG, 1993);
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e Federal Construction Act (Bundes-Baugesetz, BBG, 1886);
e As well as several laws and regulations of the individual German states.

21.2 UK

Like many other European countries, the United Kingdom has a long tradition in
groundwater protection. The following chapter describes the situation in England and
Wales. The institution responsible for delineating so-called 'Groundwater Source
Protection Zones' (SPZ) is the Environment Agency, the successor of the National
Rivers Authority (NRA). According to the Water Resources Act (1991) this agency is
responsible for the protection of 'controlled waters' (including groundwater). Until now
there are around 2000 major groundwater sources for which SPZ's have been
delineated. Under the Groundwater Regulations (1998) and the Waste Management
Licensing Regulations (1994) the Environment Agency has the specific duty to
prevent groundwater pollution by certain dangerous substances. E.g. the discharge
of substances in list 1 of the EC Groundwater Directive 80/68/EEC (1979) into
groundwater is prohibited and discharges of substances in list 2 have to be
minimized (valid for all European countries).

The Environment Agency has published the national policy on groundwater
protection in its 'Policy and Practice for the Protection of Groundwater' (Environment
Agency 1998). It states the use of a range of different approaches for groundwater
protection, such as:

e Policy statements;
e Groundwater vulnerability maps; and
e Groundwater source protection zones.

It has to be kept in mind, however, that neither of them has statutory status.

A similar approach is used in Scotland and South Africa.
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Figure A-2: Source Protection Zoning used in the UK (source: Environment Agency
2002, internet)

Zoning System

The 'Policy and Practice for the Protection of Groundwater' defines three zones for
groundwater protection (compare Figure A-2):

e Zone |, the inner zone, is defined by the 50-day travel time from any point
below the water table to the source, being not less than 50 m. This boundary
is based on biological decay criteria and the protection against toxic
chemicals and air-borne diseases.

e Zone ll, the outer zone, is defined by the 400-day travel time or 25 percent
of the source catchment area, whichever is larger. The minimum time to
provide delay, dilution and attenuation of slowly degrading pollutants are the
main criteria for this boundary.

e Zone lll is defined as the area needed to support the protected yield from
long-term groundwater recharge.

The 'Guide to Groundwater Protection Zones in England and Wales' (NRA 1995a) is
a practice guide elaborating on methods to be applied for the delineation process.
The groundwater protection policy is supported by a countrywide assessment of the
risks to groundwater in the form of groundwater vulnerability maps (NRA 1995b).

In practice groundwater protection zones have been delineated by regional staff of
the Environment Agency in cooperation with the National Groundwater and
Contaminated Land Centre. From the 1970s until the early 1990s, simple standard
shapes, based on hydraulic equations, have been mainly used to delineate source
protection zones. Nowadays, however, the delineation of protection zones is made
using either a conceptual hydrogeological model or groundwater flow models. The
choice of zone definition technique is based on: data quality and availability, the
degree of understanding of the hydrogeological system and the operational
importance of the water source.
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Restrictions

Restrictions are made in the form of groundwater protection policy statements (see
Annex A-2, ENVIRONMENT AGENCY 1998). They have no statutory character but
are mainly recommendations. However, the Environment Agency seeks to influence
land use decisions which may have an impact on groundwater quality by actively
participating in the decision making process and issuing so-called planning policy
guidance notes.

Advantages

The UK guideline provides in principle four protection zones and therefore a much
larger area and higher level of differentiation for preventive measures than in many
other countries. This is because not only bacteriological pollution (50-day travel time)
is used as delineation criterion, as in many other zoning systems, but also because
the dilution, adsorption, or attenuation of hazardous substances (400-day travel time)
are foremost aspects for achieving groundwater protection. By specifying longer
travel times this can much easier be achieved.

Disadvantages

The actions in defined protection zones have the character of recommendations only.
Reaching a comprehensive protection of the groundwaters therefore highly depends
on the goodwill of the stakeholders.

Other laws and regulations concerning groundwater protection issues

The Environment Act (1995);

Water Resources Act (1991);

The Town and Country Planning Act (1990);

The Planning and Compensation Act (1991);

Environmental Protection Act (1990);

Control of Pollution Act (1974);

Control of Pollution Regulations;

Waste Management Licensing Regulations (1994);

Sludge (Use in Agriculture) Regulations (1989);

Code of Good Agricultural Practice for the Protection of Water (Ministry of
Agriculture);

Code of Practice for the Safe Use of Pesticides on Farms and Holdings;
e Hazardous Substances Act (1990).
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21.3 France

Legal Basis

In France the delineation of groundwater protection zones became obligatory for all
water abstraction facilities with law 92-3 of January 3™, 1992. In fact, the issuance of
groundwater protection zones had been included already in the law of October 30",
1935, but never been applied. A new water law was proposed by the French
Government under Lionel Jospin in September 2001, but was abandoned by the new
government. Article 5 of law 92-3 defines that protection measures for surface water
and groundwater have to be made in the framework of establishing so-called water
improvement and management plans (SDAGE). The role and tasks of the SDAGE
was defined in more detail by decree 92-1042.

The 1992 law left 5 years for all protection zones to be declared. However, this goal
was not reached. Until January 4™, 1997, only 13.9 % of the surface water and 31.5
% of the groundwater abstraction facilities were protected by protection zones. In
general protection zones are to be issued in the form of a declaration on a public
utility (déclaration d’utilité publique — D.U.P.).

Water law enforcement is conducted by means of a water police (police de I'eau),
which has true policing force.

The legal basis remains relatively week. The implementation is not strict enough due
to the strong resistance of the farmers associations. Because of this the water quality
in France is rather poor (MINISTRY OF HEALTH 1998). This fact was officially
condemned by the European Union in March 2001 as contradicting EC-Directive
75/440.

Responsibilities

Due to the strong decentralization in France, the water issues are mostly dealt with at
local level. Following the 1992 water law, so-called water improvement and
management plans (schémas directeurs d’'aménagement et de gestion des eaux -
SDAGE) had to be established for each major water basin (law 92-3, article 3). The
members of the SDAGE are: representatives from the Ministry of Land and
Environment Management, the water agencies, the basin committees, the local
government, the manufacturers and the farmers. The work of the six (according to
the six hydrographic basins) SDAGE agencies (Agences de I'Eau) in France
encompasses defining objectives for quality and quantity management of water
resources, pollution prevention and protection measures, managing drinking water
supply and public health and prevention of natural and man-made disasters. The
main concern of the SDAGE plans is to reach a balanced management of the
freshwater system. The present SDAGE plans had to be operational by 1997 and will
be in place for a time period of 15 years. Many of them are, however, not yet
approved. Mostly the SDAGE plans rely on local plans, called schémas
d’aménagement et de gestion des eaux (SAGE). The basin committees of SDAGE
annually make recommendations to the six public water agencies. The water
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agencies prepare five-year action plans which have to implement the
recommendations of the basin committees. The water agencies collect so-called
“extraction-charges” and “pollution charges” in order to finance the management of
the water resources from a quantitative point of view and to improve the quality of the
resource. Since the water agencies have no executive authority, a “water police” was
introduced to enforce the legally required actions.

The cooperation with other ministries is carries out in the framework of inter-
departmental water missions (MISEs), which under the supervision of the local
prefects provide authorizations for water extractions or discharges and enforce the
law from the administrative point of view.

Zoning System

According to article L.20 of the Public Health Code 3 zones are differentiated:
e the immediate protection zone (périmétres de protection immédiate) ;
e the proximity zone (périmétres de protection rapprochée) ; and
o the distant zone (périmétres de protection éloignée).

The immediate protection zone is obligatory and encompasses commonly several
hundred square meters to a few hectares (mostly 30m * 30 m). Its function is to avoid
direct contaminations at the abstraction facility. The land covered by this zone has to
be owned by the Government (expropriation) and must be enfenced. The proximity
zone is obligatory as well. The size and shape of this zone is determined by hydraulic
criteria (article L.20 of the Public Health Code does not further specify this matter,
however, commonly the 50-days line is used to delimit this zone). The distant zone is
not obligatory. In both, proximity and distant zones, the owners of the land plots have
to be compensated for any losses incurred due to the land use restrictions imposed.

The procedure for the delineation of groundwater protection zones generally consists
of six phases:

1. decision of the municipality or utility to undertake protection;

2. hydrogeological study;

3. public hearing;

4, registration of the protection zones as a public utility;

5. registration of land use restrictions, expropriation of land in the immediate
protection zone;

6. conducting the technical measures to reduce the pollution risks.

The costs for the procedure are mostly below 23,000 Euro, and the costs for
protection works usually less than 38,000 Euro.

The main costs for the establishment of groundwater protection zones are covered
by the public water agencies, which pay 50% of the studies and administrative
procedures and 40% of the compensation and (construction) work.

Vol-5_Guideline-Groundwater-Protection-Zones.doc Page 19



ACSAD-BGR Technical Cooperation Project
Management, Protection and Sustainable Use of Groundwater and Soil Resources in the Arab Region
Volume 5 - Guideline for the Delineation of Groundwater Protection Zones

Restrictions

There are no fixed rules for land use restrictions. However, in the proximity zone
generally the following activities are banned:
e boreholes and wells, other than for the abstraction and monitoring of the water
from the water supply facility;
e mineral exploitation by open-cast mining;
e disposal of waste;
¢ installation of sewer line and reservoirs or depots of used water of domestic or
industrial origin or chemical products;
e application or infiltration of used water of domestic or industrial origin.

Since it was recognized that it is often difficult to impose and implement restrictions
for certain land use activities, especially those related to agriculture, other forms had
to be found, such as:

e Economic incentives, e.g. for applying ‘best management practices’ in
agriculture. Although financially very attractive for the farmers, this is a
measure which has to be conducted over a very long time and thus very
expensive.

e Soil appropriation: some municipalities and companies selling bottled water
(e.g. Vittel) have started to buy land in sensitive areas, thereby reducing the
pollution risk.

e Pollution taxes: The former Government (Environment Minister Dominique
Voynet) suggested a general tax on all pollution activities and certain
products. This proposal however failed to be accepted in the senate. The
water agencies, however, have the right to collect certain pollution taxes
based on the polluter-pays-principle (see above). Even though it is difficult to
assess which amounts of pollutants (e.g. nitrate) are discharged into the
environment, the new water bills aim to include a ‘nitrate pollution tax’. A tax
for the application of pesticides is already in place in France, ranging from
zero to 1524 Euro per ton, depending on the toxicity of the substance
PAVARD, 2001). Similar taxes could in principle be applied for all substances
which have a negative impact on the water quality. In reality, however, this
taxation is rarely implemented.

Advantages

(No sufficient information).

Disadvantages

The share of irrigated land has tripled since 1970, resulting in an increasingly high
consumption of water in the agricultural sector. Groundwater accounts for about 65
% of total water abstractions in France. Many areas are heavily cultivated, such as
the Bretagne and Normandy. Surface water and groundwater pollution resulting from
agricultural activities has increased over the past decades (GODET et al, 1998).
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The groundwater protection measures, having been introduced only a decade ago,
do not yet show a significant improvement of the water quality. The administrative
procedure seems not to be effective, since a public utility decree has been declared
for 11% of all water abstraction points only, whereas for 30% not even the first step
of the protection procedure has begun. It can be expected to take another 10 to 20
years until all public water utilities are provided with protection zones.

A general guideline for the delineation of protection zones is lacking, so that the
criteria for the delineation vary from place to place and sometimes depend on the
interpretation and willingness of local politicians. Moreover, there are no general
rules for land use restrictions and the supervision of the implementation. The
enforcement of the implementation seems also to be very weak due to the weak
position of the water policing authority.

Due to the very long time duration required for establishing protection zones and the
involved costs, some municipalities have opted for abandoning their own water
abstraction facilities in favor of obtaining their water from other producers.

The agricultural lobby in France is very strong and is putting up resistance against
the implementation of more strict restrictions for land use. Water protection can,
however, only be effective if the countermeasures are effective enough to prevent
pollution.

Other laws and regulations concerning groundwater protection issues

A complete list of all laws and regulations related to water and environment is
documented on the enclosed CD (information from www.legifrance.gouv.fr).

The law 92-3 states that water treatment installations must be in operation for all
villages with more than 200 inhabitants by 2005.

The environment law was passed in 1995 (loi 95-101; “loi Barnier”).

214 Switzerland

Legal Basis

The delineation of groundwater protection zones as well as a number of other
measures aiming at the protection of surface and groundwater resources are laid
down in the Water Protection Act (Gewasserschutzgesetz, 1991) and the Water
Protection Ordinance (Gewasserschutzverordnung, 1998). The Guidance for
Groundwater Protection (Wegleitung Grundwasserschutz, BUWAL 2000) defines the
process of protection zone delineation.
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Responsibilities

Whereas the federal government is responsible for the federal laws and regulations,
the districts (Kantone) are responsible for the issuance of the ordinance and the
implementation of restrictions and permissions. However, the owner (municipalities
or companies) of the water supply facility is responsible for conducting the required
hydrogeological study, for paying for the administrative procedure and for paying
compensations, if any.

Zoning System

Protection measures and restrictions are defined by the Water Protection Ordinance
itself in a very comprehensive manner. It is distinguished between protective
measures achieved by using

e Thorough land use and water quality conservation planning;
e Thorough engineering and construction methods; and
e Thorough handling and manufacturing methods.

In general the guidance distinguishes different levels of protection of groundwater by
defining

e Endangered areas where a protection is required for safeguarding
exploitable groundwater resources (Gewasserschutzbereich A, if of relevant
extractable amount and fulfilling quality standards);

e Endangered areas where Protection zones for groundwater quality
restoration have to be established because water abstraction facilities are
already affected by pollution (Zustrombereich Z,);

e Conservation areas (Grundwasserschutzareale) for the protection of
important groundwater resources, which are presently not being used as
drinking water resources but might be in the future;

e Protection zones S1, S2 and S3 (Grundwasserschutzzonen) for the
protection of existing water abstraction facilities used for domestic water
supply;

e Other areas with no or exploitable groundwater resources of little
importance. Here few restrictions for human activities are required.

Three elements are necessary for the administrative procedure to issue a
groundwater protection zone ordinance: a hydrogeological report, a protection zone
plan and a protection zone rule. What is required from hydrogeological reports has to
be justified by the level of potential pollution threat. The protection zone plan shows
the boundaries of the zones S1, S2 and S3 as they were determined by
hydrogeological investigations (hydrogeological boundaries) and the practical
boundaries, following natural boundaries or boundaries of landownership.

The groundwater protection zones are (except for karst aquifers; see below):
e Zone S1 - The immediate protection zone is defined by a distance of at
least 10 m from the water well. In the case of spring captures using drainage
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tubes, a distance of 10 m should be maintained from the entire drainage
tube. The area should be protected by a fence.

e Zone S2 — The inner protection zone, defined by the 10-day travel time in
the saturated zone of the aquifer.

e Zone S3 — The outer protection zone, encompasses a zone where, in the
case of unconsolidated rocks, the distance from the outer boundaries of
zones S2 to S3 is at least as large as the distance from the outer boundaries
of zones S1 to S2.

For the delineation of zone S2, travel times in the unsaturated zone are not taken into
account. For the delineation of the extent of zone S2 the daily maximum allowable
water abstraction (according to the abstraction license) and low water level
conditions have to be used. The average flow velocity is considered as
representative flow velocity for determining travel times. Dispersion effects are
neglected. The distance from the outer boundary of zone S1 to the outer boundary of
zone S2 has to be at least 100 m. Zone S2 could be smaller if proven that it is
entirely covered by low permeable sediments (k < 1E-5 m/s) of at least 2 m
thickness. Zone S2 may not need to be delineated if groundwater is abstracted from
a deeper aquifer which is proven not to be in hydraulic contact with the shallow
aquifer.

For karst aquifers the delineation of protection zones is not based on groundwater
flow velocities but on the assessment of the so-called groundwater vulnerability. The
assessment of groundwater vulnerability is made using the EPIK method (SAEFL
2000) and comprises the evaluation of several geological, geomorphologic and
hydrogeological criteria. EPIK (Annex A-4) uses four criteria:

o Development of Epikarst;

o Effectiveness of the Protective cover;

e Conditions of Infiltration;

e Development of Karst network.

Commonly a weighing coefficient is attributed to each of these criteria. The basic
EPIK factors are obtained conducting a systematic mapping in a grid of 20 m grid line
distance using geomorphologic studies, aerial photograph interpretation, tracer tests,
drillings, excavations and geophysical investigations. In a next step the protection
index (F) is calculated by using certain weighing coefficients. Finally the protection
index is classified according to a defined system, corresponding to protection zones
S1, S2, S3 and the remaining groundwater catchment area. The preparation of such
a groundwater vulnerability map is usually done using a GIS system.

Restrictions

The guidance defines very specific restrictions on human activities in the above-
mentioned groundwater protection zones in the form of matrixes for:
e Construction sites;
e Constructions of buildings and facilities above the land surface and
construction changes thereof;
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o Activities related to geothermal energy (such as drillings, injection facilities,
etc.);

Waste water facilities;

Infiltration facilities (of unpolluted waters);

Railway facilities;

Facilities related to transportation by automobiles (e.g. tunnels, petrol
stations, car parks, etc.;

Airport facilities;

Underground constructions;

Cultivated land;

Forestry;

Recreational and sport facilities;

Cemeteries;

Waste disposals, storage facilities, temporary storage facilities and
pipelines;

Nature restoration measures;

¢ Military sites and shooting ranges.

Advantages

The Swiss classification system uses a very intricate differentiation and also provides
protection for areas which form important groundwater resources that might be of
importance in the future. It has clear advantages in karst systems, such as those
largely found in Jordan, Syria and Lebanon.

Disadvantages

For unconsolidated rocks, the Swiss guideline defines the boundary of zone S2 by a
travel time of 10 days only. This is much lower than in many other countries (mostly
around 50 days) and well above the persistence time of bacteria and viruses. The
reason is that the Swiss guidance takes protection by the unsaturated zone into
consideration. However, travel times in the unsaturated zone are highly variable,
difficult to estimate and may often be low (< 40 days) so that an adequate protection
from bacteria may not always be guaranteed.

Other laws and regulations concerning groundwater protection issues

¢ Ordinance for the protection of water bodies against liquid substances
hazardous to water (1998);

¢ Ordinance on substances hazardous to the environment (1986),

e Technical ordinance on waste (1990);

¢ Ordinance on land reclamation of contaminated lands (1998).
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21.5 Hungary

Legal Basis and Responsibilities

The Hungarian Government passed a new water law which was enacted on 1%
January 1996 (HAVAS-SZILAGYI, 2002). It states that owners of water rights have
the duty to keep the utilized water resources safe. A regulation was issued in
September 1997 that describes tasks and responsibilities in well field protection. This
regulation is binding only for well fields providing water to the public water supply
system, for private wells it is optional. The law specifies a time span of 10 years for
regulations to be enforced at well fields existing before 1996. At new well fields the
regulation has to be issued simultaneously with establishment of the well field, at
prospective well fields (areas which are of importance for future water supply) within
8 years.

Since 1991 water supply is in the hand of the municipalities. Because most well fields
were missing protection schemes a National Well Field Protection Program was
implemented. The total number of well fields is 643, with a total number of
abstraction wells of 3640. The program consists of 3 phases: fact finding,
implementation and safeguarding. The first phase is 100% financed by the
Government and has the following tasks: determination of protection zones, inventory
of pollution sources, design and implementation of a monitoring system, assessment
and prognosis of possible pollution processes and water quality, proposals for the
second phase, cost-benefit analysis for alternatives. During the second phase
measurements for well protection are implemented: investments in wastewater
collection and treatment, removal or reconstruction of pollution sources, clean-up
operations, active protection measures. The work conducted in this phase is partly
financed by the municipalities and partly by the Government (50-60%). The third
phase of safeguarding is to be financed by the water works, i.e. from the water price.
In this phase the monitoring system is operated to control a possible remaining
pollution and measures are undertaken to avoid new pollution sources.

More than one third of the protection areas are located in karstic environments. For
the selection of well fields to be investigated, the following selection criteria were
used:

e pollution already detected in an abstraction well;
pollution detected in a monitoring well upstream of the abstraction well;
total number of people supplied by the well field;
lack of alternatives for constructing a new well field at another location nearby;
preliminary protective measures have already been undertaken.

Zoning System

In total five different zones are being differentiated:
¢ Inner protection zone: 20 days of travel time;
e OQuter protection zone: 6 months of travel time;
e Hydrogeological protection zone A: 5 years travel time;
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e Hydrogeological protection zone B: 50 years travel time;
e Hydrogeological protection zone C: total recharge area.

Zones 2 to 4 should be delineated by hydraulic modeling.

Restrictions

Restrictions for pollution sources and polluting activities are defined within the
protection zones differently from area to area, based on the principle of balanced
decisions between protection demands and the consequences for individuals. The
shorter the distance from the point of abstraction, the stronger are the restrictions.
Concerning existing pollution sources or polluting activities the following alternatives
are possible: they can be either banned or continued, depending on the results of an
environmental impact assessment.

Advantages

(No sufficient information)

Disadvantages

(No sufficient information)

Other laws and regulations concerning groundwater protection issues

(No sufficient information)

2.2 USA

Legal Basis and Responsibilities

The responsibility for groundwater protection lies at State level. However, the 1986
Federal Safe Drinking Water Act Amendments (Section 1428, P.L. 93-523, 42 USC
300 et. seq.) direct all States to develop a Well Head Protection Program (WHPP)
Plan for both public community (CWS) and public non-community (NCWS) water-
supply wells. Following these amendments the States had to propose a WHPP Plan
that had to be approved by the U.S. Environmental Protection Agency (EPA). The
delineation of Well Head Protection Areas (WHPA's) is one component of the WHPP.
Other components of the WHPP Plan include pollution-source inventories,
development and implementation of best management practices to protect
groundwater, integrated land use planning, and education to promote public
awareness of each person’s role in protecting groundwater resources. The Safe
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Drinking Water Act Amendments of 1996 (P.L. 104-182) established the need for
state Source Water Assessment Programs.

The Well Head Protection Program incorporates the following elements:

e Duties of states, local agencies and water suppliers in implementing the
program;

e Determination of WHPA's for each public well or well field;

¢ |dentification of all potential pollution sources within the protection area;

e A program containing: technical assistance, financial assistance,
implementation of control measures, education, training, and demonstration
projects;

e Contingency plans for alternative water supplies in case of contamination;

e Siting considerations for all new wells;

e Public participation.

Zoning System

The methodology to be used for the delineation of Well Head Protection Areas is laid
down in the 'Guidelines for the Delineation of Wellhead Protection Areas' (EPA
1987). This guideline gives the States, i.e. the implementing authorities, flexibility to
choose an appropriate approach for the delineation policy. The guideline proposes as
operational goals:

e To provide a remedial action zone (in order to protect the well from
unexpected contaminant release);

e To provide an attenuation zone (in order to bring the concentrations of
specific contaminants down to desired levels by the time they would reach
the wellhead; and

e To provide a well field management zone.

As criteria for the delineation of groundwater protection zones the guideline uses:
e Distance;

Drawdown;

Travel time;

Flow system boundaries; and

The capacity of the aquifer to assimilate contaminants.

This criteria catalog is the main difference to many other systems, which are based
on travel times only. Moreover, the EPA guideline does no propose the use of a
certain zoning system, unlike in most other countries. It leaves this decision to the
implementing authority. And in reality this procedure is applied in very different
manners throughout the different states and even counties.

The guideline only specifies that for the delineation of protection zones 'appropriate
thresholds' have to be chosen, representing the limits above or below which a
criterion will cease to provide the desired level of protection.
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The guideline proposes using the following methods for the delineation process:

Arbitrary fixed radius method;
Calculated fixed radius method;
Simplified variable shapes;
Analytical methods;
Hydrogeologic mapping; and
Numerical flow/transport models.

The guideline does not propose individual restrictions on land use and human
activities as in guidelines of other countries. The responsibility for these definitions
lies at State level.

For the delineation of protection zones EPA (1987) proposes the following approach
towards the States:

Establishment of working groups or committees;

Conducting technical studies and institutional analyses;
Determination of WHPA criteria to be used;

Determination of WHPA delineation methods to be used;

Delineation of boundaries of protection zones for specific wells or well
fields;

Conducting additional studies;

Refinement of delineation of boundaries, if required.

a0~

NS

In the meantime a number of States have developed their own guidelines or
guidances for delineating WHPA's, which are more specific than the EPA (1987)
guideline and demand the preparation of a hydrogeologic study following a standard
concept, such as for instance in Michigan (Michigan Department of Environmental
Quality — WHPA Delineation Guidance, source: www.michigan.gov/deq internet site),
Ohio (State EPA guidance document, source: www.epa.state.oh.us), Wyoming
(Wyoming Department of Environmental Quality WHPP guidance document, source:
www.wrds.uwyo.edu/wrds/deq/whp/contents.html), etc.

After the 1996 amendment of the Safe drinking water act EPA initiated the so-called
Source Water Protection Program. This program requires the States to develop a
Source Water Assessment Program (participation is voluntary) that:

¢ Delineates the source water assessment area (Source Water Assessment
Program, to be completed by 2003);

e Conduct an inventory of potential sources of contamination in the delineated
area (a list of potential sources is laid down in EPA's "Drinking Water
Contaminant Source Index" (internet download);

¢ Determine the susceptibility of the water supply to those contamination
sources; and

¢ Inform the public about the results.
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The goal is that by the year 2005, 60 percent of the population would receive water
from public supply systems protected by source water protection programs. Funds for
conducting these tasks and even for conservation easements were made available
from the Drinking Water State Revolving Fund. Details of this program are
documented in EPA (1997). The basis for this program however is weak, since it has
no statutory mandate.

Restrictions

No information available (regulations differ from state to state, sometimes even from
county to county).

Advantages

Leaving flexibility for using appropriate criteria and methods for the delineation
process has the advantage that the implementing authority can decide for itself which
is the appropriate criterion and method in each individual case. This can considerably
reduce costs to the appropriate level depending on the balance of options relative to
the goals, economy, legal defensibility, relevance of the protection goal, and long-
term planning objectives.

The preparation of a contingency plan for the case of an imminent groundwater
pollution endangering the domestic water supply by a well or well field is missing in
the groundwater protection policy of many other countries. For countries and areas,
where the water supply mains of larger, sparsely populated areas are not
interconnected, it is, however, very important to implement such an emergency
action or contingency plan. Such is the case also in many areas of the Arab region,
where the water supply usually depends on a few wells and often is highly vulnerable
to pollution. If there is an imminent risk of pollution for those wells, water supply has
to be maintained by other wells or by water supply from other areas.

Furthermore, the preparation of a plan for the siting of new wells is a very valuable
tool for water resources management because it avoids contamination in future areas
of groundwater exploitation.

One of the focal points of the delineation procedure in the USA is public participation.
This is for the benefit of all parties involved and may better avoid unnecessary or
unjustified protection measures.

Disadvantages

The guideline leaves much room for arbitrary delineations of protection zones since
no specific zoning system is defined. The reason is possibly that the conditions are
too different from State to State so that a zoning system using very strict definitions
may not be justified in a State where the potential threat of pollution is low due to few
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groundwater hazards, other than in densely populated states. This, however, makes
decisions difficult to defend legally.

Other laws and regulations concerning groundwater protection issues

e Clean Water Act (CWA, 1948, 1977, 1991);

Comprehensive Environmental Response, Compensation , and Liability Act
(CERCLA > Superfund Program, 1980);

Water Resources Planning Act (1965);

Emergency Planning and Community Right-to-know Act (EPCRA, 1986);
Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA, 1947);
National Environmental Policy Act (NEPA, 1969);

Resource Conservation and Recovery Act (RCRA, 1976);

Sole Source Aquifer Program (SSA, 1974) ;

Comprehensive State Groundwater Protection Programs (CSGWPPs,
1990);

Underground Injection Control Program (UIC, established 1981in sections
1421-26 of SDWA);

Non-Point Source Program (NPS, 1987, section 319 of CWA);

Toxic Release Inventory Program (TRI, established 1986 under CERCLA);
Toxic Substances Control Act (TSCA, 1997);

Environmental Pollution Prevention Project (EP3, 1993, funded by EPA and
USAID for addressing urban and industrial pollution and environmental
quality in developing countries);

e Pollution Prevention Act (1990).

2.3 Australia

Legal Basis and Responsibilities

The water legislations slightly differ in each of the States. As an example it is referred
herein to those in place in Western Australia, because for this State the most
extensive information was available. All water related matters are regulated by the
Country Areas Water Supply Act (1947) and the Metropolitan Water Supply and
Sewerage and Drainage Act (1909). The authority responsible for groundwater
protection (as well as other water related tasks) is the Water and Rivers Commission.
Besides policy making the commission has to establish so-called Water Source
Protection Plans for Public Drinking Water Source Areas (PDWSAs). PDWSAs are
proclaimed for Underground Water Pollution Control Areas (UWPCAs), Catchment
Areas (CAs) and Water Reserves (WRs). The State Water Quality Management
Strategy (2001) aims to provide new guidelines and regulations concerning the
protection of the water resources, which are, however, not yet in place.
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Zoning System

The zoning system follows two main objectives:
e To protect drinking water sources in the interest of public health from
contamination by inappropriate activities and
e To protect the environmental values of water sources used for purposes
other than drinking supply.

The term 'environmental value' refers to
e The protection of aquatic systems (e.g. water supporting fauna and flora
habitats);
¢ Recreational water quality and aesthetics;
e Agricultural water use; and
¢ Industrial water quality.

The Australian zoning system is very much distinct from other countries' guidelines
for groundwater protection zone delineation. Three priority classification areas have
been defined in PDWSAs (compare Figure A-3):

e Priority 1 (P1) Source Protection Area: ensures that there is no degradation
of the water source. P1 areas are declared over areas where the provision
of the highest quality public drinking water is the prime beneficial land use.

e Priority 2 (P2) Source Protection Area: ensures that there is no increased
risk of pollution to the water resources. P2 areas are declared over land
where low intensity development (such as rural) already exists. Protection of
public water supply sources is a high priority in these areas. P2 areas are
managed in accordance with the principle of risk minimization and so
conditional development is allowed.

e Priority 3 (P3) Source Protection Areas are defined to manage the risk of
pollution to the water source. P3 areas are declared over land where water
supply sources need to co-exist with other land uses such as residential,
commercial and light industrial developments. Protection of P3 areas is
achieved through management guidelines for land use activities. If the water
source does become contaminated, then water may need to be treated or an
alternative water source found.

In addition to priority classifications, well-head protection zones and reservoir
protection zones are defined to protect the water source from contamination in the
immediate vicinity of production wells and reservoirs. Well-head protection zones are
usually circular, with a radius of 500 meters in P1 areas and 300 meters in P2 and P3
areas. Reservoir protection zones usually consist of a 2 kilometer buffer area around
the top water level of a reservoir and include the reservoir itself. These zones do not
extend outside water reserves. Special conditions apply within these zones.

Priority is determined by land tenure, land use and water flow paths. Different
management strategies apply in each priority area.
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Figure A-3: Example of Public Drinking Water Source Areas in
Western Australia (City of Cervantes)

Restrictions

The Water and Rivers Commission established several guidelines for allowed and
restricted actions in PDWSAs in the form of so-called Water Quality Protection Notes.
Some of them are, however, not of binding character. Instead they are meant to
provide a basis for the development of best management practice guidelines with key
stakeholders, and as such are recommendatory only. The guideline 'Land Use
Compatibility in Public Drinking Water Source Areas' (Annex A-3) lists the main
recommendations concerning actions that may have a deteriorating impact on water
quality, grouped in 5 different categories:

e Compatible: the land use is compatible with the management objectives of
the priority classification;

e Conditional: the land use can be compatible with the management
objectives of the priority classification, with appropriate site management
practices. All conditional developments/activities should be referred to the
commission for assessment on a case specific basis;

e Incompatible: The land use is incompatible with the management objectives
of the priority classification. Any such development proposals received may
be referred for formal EIA;

o Extensive: where limited additional inputs are required to support the desired
land use;
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e Intensive: Where regular additional inputs are required to support the
desired land use.

Advantages

The Water Quality Protection Notes, established for quite a number of activities and
land uses provide a good guidance for decision makers concerning restrictions in the
individual protection zones.

Disadvantages

The shape and extent of the protection zones is arbitrary and not based on
hydrogeological criteria. Imposed restrictions are for the most part recommendations
only and thus depend on the goodwill of the involved stakeholders.

Other laws and regulations concerning groundwater protection issues

* Country Areas Water Supply Act 1947;

« Environmental Protection Act 1986;

* Environmental Protection Regulation 1987;

» Environment Protection and Biodiversity Conservation Act 1999
(Commonwealth);

» Environmental Protection (Controlled Waste) Regulations 2001;

* Environmental Protection (Liquid Waste) Regulations 1996;

+ Soil and Land Conservation Act 1945;

+ Conservation and Land Management Act 1984,

» Dangerous Goods Regulations 1992;

+ Dangerous Goods (Transport) Act 1998;

* Explosives and Dangerous Goods Act 1961;

* Hazardous Waste (Regulation of Exports and Imports) Act 1989
(Commonwealth);

* Pollution of Waters by Oil and Noxious Substances Act 1987;

* Land Drainage Act 1925;

*  Mining Act 1978;

* Mines Safety and Inspection Act 1994;

* Mines Safety and Inspection Regulations 1995;

* Rights in Water and Irrigation Act 1914,

* Western Australian Marine (Sea Dumping) Act 1981.
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2.5 Comparison of Guidelines

The guidelines described above have many things in common. Most countries have
developed a more comprehensive approach in protecting their groundwater
resources in recent years. Not only the present facilities abstracting groundwater are
protected by restricting land use and certain human activities inside protection zones,
but it is also increasingly tried to preserve those groundwater resources in good
quality which might become important in the future. Such measures are of special
importance for the countries of the Arab region, where groundwater resources are
scarce by nature. It seems therefore recommendable to use a system that sets out
restrictions for groundwater catchment zones of water abstraction facilities as well as
for groundwater resources of special importance.

Many countries take the considerably different protection strategies, which are
required for karst aquifers, into consideration. The use of groundwater vulnerability
maps is a very useful tool for this purpose, whichever method is being applied (EPIK:
SAEFL 2000; GLA-Method: HOELTING et al. 1995; PIl-Method: GOLDSCHEIDER,
2002; COP-Method: VIAS et al., 2002; or DRASTIC: ALLER et al. 1985). It is also
highly recommended to use such a method for the karst aquifers of the Arab region.

In order to come to a common understanding about the measures to be implemented
and for the acceptance of these measures the participation of all involved parties is
crucial. Public awareness campaigns and public hearings are an important tool to
reach this goal.
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3 Requirements for a National Guideline

The optimal implementation of groundwater protection measures depends very much
on the existing legal situation in a country. The issuance of ordinances for
groundwater protection zones will only be accepted by the public if there is sufficient
legal backing.

In most countries the issue of water protection relies on a water law or an
environmental law. Such a law must include articles where the general task of water
protection, the administrative responsibilities and the legal consequences in case of
pollution are defined. Commonly the details of the establishment of groundwater
protection zones are regulated by by-laws or decrees in reference to the respective
law.

It is important to carefully analyze also all other laws dealing with issues that may
have an influence on water quality, such as
¢ laws and regulations defining the treatment and disposal of sewage water
(including waste water standards);
e laws and regulations defining the disposal of all kinds of waste;
e laws and regulations defining the control of agricultural activities;
e laws and regulations defining the control and countermeasures against public
health hazards (transport, storage, handling and processing of toxic
substances).

The legal concept of each country is very different. Sometimes the above mentioned
issues are dealt with directly in the form of a law dealing with an issue. This is the
case for instance in Germany, US, UK, France, etc. Sometimes, however, the issues
are dealt with in the form of a law concerning a ministry. As such the law more or less
defines the tasks of the ministry itself. This is the case in most Arabic countries. This
concept has the disadvantage that a legal reform is very difficult, in case the tasks
are changed or transferred to another ministry. Also the acceptance of other
ministry’s laws is generally low.

These issues should be taken into consideration, when setting up a national policy for
groundwater protection.

As an example the legal situation in Jordan is presented in the following chapters.
This analysis led to a proposal for a National Guideline for the Delineation of
Groundwater Protection Zones (MARGANE & SUNNA, 2002).
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3.1 Case Study: The Present Legal Situation in Jordan

311 Laws and Regulations concerning Water

The Law No. 18 for the year 1988 (Water Authority Law), issued by the Government
of Jordan, describes the tasks and duties of the Water Authority. The following tasks
are assigned to WAJ:

e to survey the water resources, conserve them, determine ways, means and
priorities for their implementation and use, except the use for irrigation;

e to set up plans and programs to implement approved water policies related
to domestic and municipal waters and sanitation, to develop water resources
in the Kingdom and to exploit them for domestic and municipal purposes,
including digging of productive wells, development of springs, treatment and
desalination of waters, and execute works to augment the potential of water
resources and to improve and protect the quality thereof,

e to regulate the licensing and drilling of public and private wells and
investigate the water resources;

e to study, design, construct, operate, maintain, and administer water and
public wastewater projects including collecting, purifying, treating, disposing
of water and wastewater, and the methods of dealing with water;

e to draw terms, standards and special requirements in relation to the
preservation of water and water basins, protect them from pollution, and
ascertain the safety of water and wastewater structures, public and private
distribution and disposal networks, and take the necessary action to ensure
technical control and supervision, including, all necessary tests;

e to carry out theoretical and applied research and studies regarding water and
public wastewater to achieve the Authority's objectives including the
preparation of approved water quality standards for different uses and
technical specifications concerning materials and construction in order to
apply the findings to the Authority's projects in coordination with other
concerned departments; and publish the final findings and standards so as to
generalize their application by all means available to the Authority.

According to Article 10 the Board of Water Authority is to set forth water policies, in
order to develop and conserve the national water resources.

Article 30 states that the pollution of groundwater resources is a punishable act,
leading to imprisonment or the imposture of a fine.

The "Instructions for the Commercial and Industrial Wastewater into Sewerage"
(issued under the Water Authority Law (1988 with amendments) and in accordance
with Article 23 of the Sewerage system regulation No. 66/1994) in Article 3
prohibit the disposal of wastewater that contains "any solids, liquids or gasses
containing toxic materials that may ... cause a health hazard on humans,
animals or plants".

MWI's policy on 'Jordan's Water Strategy' (1997) defines the Ministry's role in the
setting of health standards for municipal water supply. The Technical Regulation on
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Drinking Water (Standard No. 286, JISM 2001) was issued in cooperation between
WAJ and JISM.

The Standard for Industrial Wastewater (JISM 1991, Standard No. 202/91).
Paragraph 3.3 states that "industrial wastewater must not have a negative effect on
the groundwater". According to paragraph 3.6 WHO guidelines are to be applied for
wastewater reuse.

The By-Law on Groundwater Control, Law No. 86 for the year 2002, specifies that
groundwater is a resource for the benefit of the country and this resource cannot be
used unless a license has been issued by the Ministry of Water and Irrigation in
accordance with this law. One of the Ministry's tasks is to monitor the abstraction and
quality of all licensed wells. The Administration Council of WAJ defines a maximum
abstraction in each basin. In cooperation with the Ministry of Agriculture the safe yield
for each basin and the maximum size of land to be allowed for irrigation per farmer is
defined. Article 10 states that the owner of an abstraction license shall not
contaminate the groundwater and shall not use the resource excessively. Article 13
states that a water well can be taken over by the Administration Council of WAJ in
case of emergency. Article 16 states that in case of water pollution or over-
abstraction the Water Authority has the duty to stop the source of pollution or
over-pumpage in order to reinstate the previous conditions. According to Article
25 the distance between wells shall not be less than 1,000 m.

An abstraction license is valid without time limit. According to Article 29 a maximum
amount of withdrawal is set for each well. For abstraction from wells for touristic and
industrial purposes the holder of the license has to pay 250 fils per m> for every m*
abstracted. For abstraction from wells for irrigation purposes the holder of the license
has to pay 250 fils per m® if the amount abstracted exceeds the maximum allowable
amount of 50,000 m*/year.

The Law No. 29, for the Year 1955 and its Amendments for the Year 1994 of the
Ministry of Municipality, Rural Affairs and Environment specifies in Article 41 A —
Water its tasks. It shall provide water and prevent water pollution, construct sewer
network, and manage the land use and monitor it.

The Public Health Law (Law No. 54 of the year 2002, replacing the Public Health Law
of 1971) defines its tasks concerning drinking water, health hazards, and waste water
as follows:

Chapter8: Drinking Water
e Article 39: Monitoring of drinking water to ensure safety and compliance.
e Article 41A: Monitoring of water resources and networks to prevent their
pollution.
Chapter 10: Health Hazards
e Article 49: Definitions of health hazards, A-1-8: Define the places such as
holes, canals, wells, etc. that can cause harm for public health. B-1: Define
health hazards related to discharge or disposal of cesspits and incomplete
treated wastewater.
e Article 50: Enforcement: After the responsible officer of MoH issued a fine,
the responsible polluter should within 7 days remove the health hazard or
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the ministry will take action to remove it by its own budget ... or close the
establishment.
Chapter 11: Waste water
e Article 53: A- Monitoring of waste water, sewer networks and in-house
connections and wastewater treatment plants, ensuring the public health
requirements. B- The MoH shall take the necessary steps to prevent the
impact of the above mentioned items on the public health.
Chapter 14: Penalties
e Article 61-A: The Minister of Health can close the place where the health
hazard has occurred and close water resources and networks and hold the
machines and vehicles that caused the hazard for the period he find it
convenient until the breach has been eliminated.

3.1.2 Laws and Regulations concerning Agricultural Land Uses

The Ministry of Agriculture is responsible for land use decisions related to agricultural
uses. Law No. 44 for the year 2002 (Agriculture Law, replacing the Agriculture Law of
1973) sets out as tasks of the Ministry (among others) that it shall identify the
agricultural land use pattern with the aim to protect the soil and prevent erosion
(Article 12 A-1). Furthermore it shall manage the irrigation water demand and the
provision thereof (Article 15 A). The Ministry is also responsible for the licensing of
olive oil factories and for the setting of operational and technical requirements thereof
(Article 16 A).

The Ministry's law does not regulate the application of fertilizers and pesticides.

3.1.3 Laws and Regulations concerning Waste Disposal

The authority responsible for the safe disposal of waste is the General Corporation
for Environment Protection (GCEP). According to Law No. 12 for the year 1995
(Environment Law), Article 26, it is "impermissible to throw, dispose or
accumulate any substances harmful to the environmental health, whether they
are solid, liquid, gaseous, radioactive or thermal, in the water resources or
store any of them in the vicinity of the water resources or within the distance
determined by the Minister according to the General Manager recommendations.

Concerning the disposal of solid domestic waste, the municipalities requests from the
Ministry of Municipal, Rural Affairs and Environment the naming of a disposal site.
The Ministry then asks for a Committee meeting, involving representatives from the :
Ministry of Municipal, Rural Affairs and Environment;

General Corporation for Environment Protection;

Ministry of Water and Irrigation;

Ministry of Health;

Ministry of Agriculture;

Ministry of Tourism;

Department of Land and Survey;

Ministry of Interior — Governorate.
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This committee decides upon the location and technical specifications of the site.
However, there is presently no monitoring on how these specifications are actually
being implemented.

Concerning the disposal of hazardous waste, this waste is presently being stored at
each individual industrial site where it is being generated or at a temporary storage
site, until a waste site that can accommodate hazardous waste is established. It is
intended to dispose hazardous waste at Qasr Tuba, east of Siwaga in approximately
2005. The site will be designed to accommodate hazardous waste and even low to
medium radioactive waste from hospitals and medical practices until approximately
2025.

Medical waste is commonly being burned in incinerators at temperatures of up to
1200°C. These incinerators are located near the major hospitals.

314 Laws and Regulations concerning Industrial Sites/Estates

The location and technical requirements for the establishment of commercial and
industrial sites is decided by the committee of the Ministry of Municipal, Rural Affairs
and Environment, as mentioned above.

3.1.5 Laws and Regulations concerning Waste Water

The Water Authority is responsible for wastewater in Jordan. Article 2 of the Water
Law (1988) states that: "It is prohibited to dispose of industrial and commercial
wastewater whether polluted or non-polluted through the sewerage network before
getting a written approval from the authority according to these instructions." Article 3
prohibits the disposal of wastewater containing toxic materials. The law also defines
maximum allowable limits for heavy metals in wastewater (Article 3.14).

Treated domestic wastewater has to meet the quality standards defined by the JISM
in Standard No. 893/95. Industrial wastewater has to meet the quality standards
defined by the JISM in Standard No. 202/91. Article 3.1 states that "Industrial
wastewater effluent must not have negative effects on the public environment in
order to ensure safety and human health. In Addition, the discharge of industrial
effluents must not have a negative effect on the social and economic development of
the area or the water catchment (basin) that might become polluted." The standard
sets limits for maximum allowable contents in a number of chemical substances and
parameters for wastewater reuse for irrigation, artificial recharge, discharge to sea
and discharge to rivers, wadis and catchment areas.

Concerning the disposal of liquid domestic waste each Governorate is supposed to
have its own disposal site for sewage water which is not treated at STPs. Commonly
the houses not connected to a sewage collection system dispose off the sewage
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water in either in cesspools with concrete walls or in open holes directly dug into the
hard rocks without any liner. In the latter case water directly infiltrates into the
groundwater. In the case of concrete cesspools the liquid sewage is commonly
collected by tankers and then either fed into the sewage collection system or taken to
a certain location. In many cases the municipalities decide by themselves where this
sewage water will be disposed at. However, many villages have difficulties to find a
suitable and affordable site for disposal. Many locations of liquid waste disposal are
considered not to be safe and possibly lead to groundwater contamination.

3.1.6 Laws and Regulations concerning other Land uses

Military sites fall under the jurisdiction of the Ministry of Defense. No other
Governmental authority has any rights on land owned by the Ministry of Defense.

Issues related to transportation are regulated by Law No. 14 for the year 1984 (Traffic
Law).

The Natural Resources Law of the year 1968 regulates the exploitation of mineral
resources and land reclamation. The operation of quarries is regulated by Law No. 21
for the year 1971 (Quarries Law).

The operation of facilities related to energy generation and conveyance is regulated
by Law No. 10 of 1996 (Electricity Law).

Issues related to the establishment of commercial or industrial buildings are regulated
in @ number of laws:

e Law No. 79 for the year 1966 (Organizing Cities, Villages and Buildings Law);
Law No. 29 for the year 1955 (Municipalities Law);
Law No. 16 for the year 1953 (Crafts and Industries Law);
Law No. 59 for the year 1985 (Industrial Cities Corporation Law).

Concerning the establishment of storage tanks for hazardous substances, such as
gas stations, etc., the drawings for a proposed storage tank is forwarded to GCEP.
The committee mentioned in chapter 3.1.3 approves or modifies this proposal for the
location and design of such a facility. The proposed design commonly does not
contain provisions against groundwater protection.

Vol-5_Guideline-Groundwater-Protection-Zones.doc Page 42



ACSAD-BGR Technical Cooperation Project
Management, Protection and Sustainable Use of Groundwater and Soil Resources in the Arab Region
Volume 5 - Guideline for the Delineation of Groundwater Protection Zones

3.2 Case Study: Legal Provisions for an Effective Implementation of a
National Guideline for the Delineation of Groundwater Protection
Zones in Jordan

In order for the National Guideline for the Delineation of Groundwater Protection
Zones to become effective, it is recommended to attach this regulation to the Water
Authority Law. The articles that would presently support the establishment of
groundwater protection zones is article 30 (see above; Water Authority Law 1988
with amendments) as well as article 16 of the By-Law (2002). However, these articles
are rather general in their statements concerning groundwater protection.

In order to have more certainty about the validity of the existing legal basis for the
establishment of groundwater protection zones, it is recommended that the legal
department of the Ministry of Water and Irrigation evaluates the legal preconditions
for establishing the National Guideline for the Delineation of Groundwater Protection
Zones. If the existing law proves to be insufficient to support the establishment of the
National Guideline for the Delineation of Groundwater Protection Zones, it is
proposed to amend the Water Authority Law by adding an article which more
substantially defines how the establishment of Groundwater Protection Zones is
being implemented.

In this case the following amendment to the Water Authority Law or the drafting
of a By-Law for Groundwater Protection is proposed:

Article XX: "The environment is to be treated in a manner that no negative impacts on
the water resources are to be expected. Every citizen is obliged to act with such care
that pollution of water or a negative impact on the quality of the water resources is
avoided.

The Ministry of Water and Irrigation is responsible for defining groundwater protection
zones for domestic water resources and delineation of these zones in the interest of
the general public. In groundwater protection zones certain activities may be declared
as prohibited or permitted with certain restrictions or certain obligations, such as
technical modifications, monitoring activities, restriction of an activity during a certain
time period, etc. may be imposed.

The Ministry of Water and Irrigation will coordinate with the Ministry of Municipalities,
Rural Affairs and Environment to implement and manage the activities within the
groundwater protection zones in the undeveloped areas and restrict new activities
within the planned areas within the capabilities of the two Ministries as stated in the
ordinance for groundwater protection zones. If a major polluting activity was found in
the groundwater protection zone of a water resource the Ministry of Water and
Irrigation will take actions to reduce the impact including land acquisition, if
necessary, development of sound environmental management of the establishment,
enhance agricultural management, etc.

The owners and persons entitled for utilization of properties are obliged to endure
measures related to the protection of the water resources, such as, among others,
the monitoring of water and soil quality.
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Water protection zones are issued in the form of a directive/ordinance, issued by the
Ministry of Water and Irrigation. Further details about groundwater protection zones
are laid down in the "Guideline for the Delineation of Groundwater Protection Zones".
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4 Recommendations for the Establishment of a National
Guideline for the Delineation of Groundwater Protection Zones
in the Arab Region

From the above the following conclusions can be drawn for a National Guideline for
the Delineation of Groundwater Protection Zones in the Arab Region :

e The legal basis has to be strong and the administrative responsibilities clear.

e The zoning system has to ensure an adequate protection of the groundwater
resources leaving enough time for possible mitigation or contingency
measures in case of pollution.

e The restrictions defined in the Guideline should encompass all activities
which could possibly lead to a deterioration of the groundwater quality. On
the other hand the guideline should leave enough space to adapt the
restrictions to the local situation. To guarantee that farmers use fertilizers
and pesticides only in amounts and in areas that do not lead to a long-term
deterioration of groundwater quality Best Agricultural Management Practice
Notes should be made available. To the same end cooperative agreements
between the farmers and the water supply company should be established in
areas where it is very important to protect the groundwater resources and
where agricultural development is high. In this case the water supplier would
pay for the compensation and/or the agricultural advice and/or for planting
only certain crops.

e The Guideline has to take into consideration the specific situation of the
country, especially the legal system, the planning procedures, the socio-
economic _environment and the hydrogeological set-up (mainly carbonatic
rock aquifers with a highly variable degree of karstification).

e The active participation of the public and all stakeholders is a crucial element
for ensuring compliance with restrictions.

e To ensure that land use planning takes into consideration the needs for
groundwater protection in new land developments and to foster public
awareness, the preparation of Groundwater Quality Protection Notes is
recommended.

e A technical guideline should be prepared that states in detail what a
hydrogeological study should encompass to fulfill the legal requirements.

e A model ordinance should be prepared to facilitate the preparation of
ordinances and to avoid legal or other uncertainties.

e An inventory of potential pollution hazards should be conducted, together
with an inventory of all water abstraction facilities in the catchment area.

e An analysis of the susceptibility of the water supply source to those
contamination sources should be conducted.

e The establishment of a contingency plan should be an integral part of any
groundwater protection zone. This plan would define alternative sources for
water supply in case the water source became polluted. In case of pollution
which becomes evident before reaching the water source, such as
accidental spills, etc., a remedial action plan should be established. This
plan would define what needs to be done to avoid long-term damage to the
water source (clean-up operation).
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e The issues of cost coverage and compensation for preexisting rights need to
be addressed in the Guideline.

e Since the number of groundwater protection zones to be established is
considerable, a ranking list for the establishment should be prepared based
on the importance of the water supply (abstracted amount and local
dependence on the water source).
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Remark: some references and internet downloads relevant to this report are
enclosed in the CD in the back pocket of the report
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6 Internet Links

EPA/US - Protection of Drinking Water Sources:
www.epa.gov/safewater/protect.html

EPA/US/Office of Groundwater and Drinking Water (OGWDW) — Watershed Tools:
http://www.epa.gov/owow/watershed/tools/

Wyoming Department of Environmental Quality — Water Quality Division:
Wyoming's Wellhead Protection (WHP) Program - Guidance Document (1997):
http://www.wrds.uwyo.edu/wrds/deq/whp/contents.html

Environment Agency/UK — Groundwater Source Protection Zones:
www.environment-agency.gov.uk/ > Water Resources > Groundwater >
Groundwater Protection Zones
(http://216.31.193.171/asp/spz_about.asp?language=English )

W-SAHaRA (Stochastic Analysis of Well-Head Protection and Risk Assessment):
http://www.diiar.polimi.it/franz/EU-W-SAHaRA/deliverable_D2/D2_mail.html

CLARINET (Contaminated Land Rehabilitation Network): http://www.clarinet.at/

Water and Rivers Commission of Western Australia: http://www.wrc.wa.gov.au/
(Water Quality Protection Notes:
http://www.wrc.wa.gov.au/protect/policy/WWQPN.htm)

Bundesamt fur Umwelt, Wald und Landschaft (BUWAL, Swiss Agency for the
Environment, Forests and Landscape)/CH — Wegleitung Grundwasserschutz
2000 (Guidance Groundwater Protection 2000):
http://www.buwal.ch/d/pdf/d_wegleitung_grundwasser.pdf [in German]

European Commission — Water Framework Directive:
http://europa.eu.int/comm/environment/water/water-framework/index_en.html

Umweltbundesamt (UBA, Federal Environment Agency)/Germany —
Gewasserschutzrecht:
http://www.umweltbundesamt.de/wasser/themen/gewschr/gewschr.htm

Sachverstandigenrat fir Umweltfragen (SRU, German Council of Environment
Advisors)/Germany: http://www.umweltrat.de/

Swedish Environmental Protection Agency: http://www.internat.environ.se/
(new guideline for groundwater protection to be released in 2002/2003)

Remark: This is only a small overview over some relevant sources of information on
groundwater protection zones. Many more sources are to be found on the enclosed
CD.
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Annex A-1: German Concept for Delineation of Drinking Water Protection
Areas

(Shortened version of DVGW Code of Practice W 101; modified after PLOETHNER
1997)

1. Introduction

Drinking Water Protection Areas concerning groundwater (DVGW 1995) and concerning

dams/reservoirs (DVGW 2002) or lakes (DVGW 1975) are defined in Germany in order to

e prevent contamination by substances and organisms hazardous to human health;

e prevent contamination by substances and organisms which may not be hazardous to
human health, but may affect water quality;

e prevent groundwater temperature changes.

Some general issues have to be considered:

¢ protection of water quality must be of a preventive nature;
rehabilitation of a contaminated aquifer is very complicated in technical, financial, and
administrative respects;

e a system of three protection zones around a production well has proved to be workable in
a number of European countries and in the USA,;

o each of the three protection zones requires a number of different restrictions to land use
and human activity;

¢ the dimensioning of the protection zones has to be done very carefully in order to balance
the competing interests:
- as large as necessary for safeguarding the water supply;
- as small as possible for avoiding inadequate restrictions.

2. Classification of Protection Areas

Areas for the protection of groundwater should normally comprise the entire surface and
subsurface catchment areas of a well or well field abstracting groundwater for the production
of drinking water. Protection areas should be classified to reflect the different risks implied by
activities contributing to groundwater contamination as a function of the type, the place and
the duration of the activity and the type of soil. Restrictions on the use of land in the different
protection area classes should also reasonably reflect risk potentials. These risk potentials
normally decrease as the distance of the activity from the well field increases if area-wide
contamination is disregarded. Three different protection zones are therefore defined below,
accepting the principle of the general protection of groundwater from pollution (Figure A-4).

Outer Zone (Zone lll)

Zone lll protects groundwater from contamination affecting water over long distances such as
contamination by radioactive substances or chemicals which are non- or hardly degradable.
Protection Zone Il may be divided into Zones IIIB and IlIA.

Inner Protection Zone (Zone i)

Zone I protects groundwater more particularly from contamination by pathogenic micro-
biological constituents such as bacteria, viruses, parasites and worm eggs and from other
contamination which may be hazardous as far as it occurs at a short distance from the well or
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shortly before the water reaches the well. The area between an artificial recharge site and a
production well should always be classified as Zone II.

e

o (W zonell

o] 1 Zkm - yGarsdoDialesd T O 4

Figure A-4: Types of Groundwater Protection Zones

Immediate Protection Zone (Zone )

Zone | protects the wells and their immediate environment from any contamination and
interference. Artificial recharge areas have to be considered as immediate protection zone I.
The area between an artificial recharge site and a production well should be classified as
Zone | if distances are short and the aquifer is inadequately covered.

3. Delineation of Protection Zones

Even if hydrogeological conditions differ (porous aquifer, fissured aquifer, karstic aquifer),
protection zones should be defined in accordance with the same criteria. Pedology and
overlying strata will also influence the sizes of protection zones.

The boundaries of protection zones and, above all, the boundaries of Zone Il and Zone llI
(INA and 11IB) should, where possible, follow roads, tracks, property lines or landmarks such
as the edges of forests, embankments or bodies of water.

Outer Protection Zone (Zone Ill)

Zone lll should normally extend to the boundaries of the subsurface catchment. Areas from
which surface water is drained into the subsurface catchment area may be included in

Zone lll. If the subsurface catchment area cannot be defined exactly, Zone Il should cover
all potential catchment area alternatives. If Zone Il may be shortened because of confining
groundwater conditions occur the confining stratum should not be removed in Zone 11l or IlIA
in the area from which water takes 50 days or less to flow to the well.
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If the water level varies substantially, then the data needed for defining the boundaries of the
protection zones should be determined for low-water and high-water conditions and for
different directions of flow. Protection zone boundaries should be fixed along the envelope of
the different cones of depression.

If the groundwater flow velocity is high such as in a karstic environment, the time required by
the groundwater to flow from the top of the catchment area to the well is frequently less than
50 days then water protection cannot become fully effective with respect to hygienic
considerations.

Sub-division of Outer Protection Zone (Zones IlIA / llIB)

Where reasonably necessary, the Outer Protection Zone may be subdivided into Zone IlI1A
and Zone IlIB. Porous, fissured, and karstic aquifers are for the purpose of the sub-division of
Zone lll treated differently because of their different characteristics.

Porous aquifers and regularly and finely fissured aquifers

For groundwater flow velocities of 10 m/d or less, the boundary between Zone IlIA and
Zone 1lIB should be located approximately 2 km upstream from the well. If the groundwater
flow velocity is higher, the boundary between Zone IlIA and Zone [lIB should be located at
greater distance from the well.

Areas in which the aquifer is covered by undisturbed, continuous low permeable strata of a
thickness of at least 5 m or at least 8 m in the case of high groundwater flow velocities in
excess of 10 m/d may be classified as Zone IlIB, but the distance from the boundary of
Zone 11IB to the well should not be less than 1 km and the time required for groundwater to
flow from Zone IlIB to the well should not be less than 50 days.

Coarsely fissured aquifers and karstic aquifers

In the case of uncovered coarsely fissured and karstic aquifers with high groundwater flow
velocities, Zone Il may not be subdivided, if the time required for groundwater from the top of
the catchment area to flow to the well is less than 50 days and the area would therefore have
to be classified as Zone Il.

A sub-division into Zone IlIA and Zone IlIB may only be made if the aquifer is covered by
continuous, thick, low permeability strata. If such strata exist, areas with a continuous
undisturbed cover may be classified as Zone IlIB areas, if the cover consists of at least 8 m
clayey to silty strata, the cover contains perched groundwater separated from the aquifer by
an intact low permeable layer being at least 5 m in thickness.

The minimum distance between Zone IlIB and the well should in this case also be 1 km. The
low permeable layer should be reduced by any type of construction work to a thickness of
less than 5 m.

Inner Protection Zone (Zone i)

The Inner Protection Zone should comprise the zone between the well or the well field and a
line from which the groundwater will flow at least 50 days until it reaches the production well.
This minimum flow time will normally warrant that no pathogenic constituents will reach the
production well.

The line from which groundwater takes 50 days to flow to the well may be determined by
geohydraulic methods, e.g. numerical modelling. Additional tracer tests and evaluation of
groundwater quality data may support the delineation of the 50 days line. Simple mathe-
matical approximation methods have been established to estimate the extent of Zone II
around a single well providing 50 days time of delay :
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LANDES (1958);
NAHRGANG (1965);
HOFMANN & LILLICH (1973);
WYSSLING (1979);

SPITZ et al. (1980).

Most of these methods are based on the Darcy Law and the Dupuit-Thiem steady radial flow
equation for a well pumping within a uniform flow field. The HOFMANN & LILLICH method
appears not applicable for a steep natural hydraulic gradient. This method applies the
superimposition of the natural and the by abstraction induced hydraulic gradient. The
WYSSLING method is suitable for steep hydraulic gradients. This method is based on the
superimposition of the natural and the by abstraction induced groundwater flow velocity (refer
also to ECKL et al., 1995).

To determine the 50 days line and the lower culmination (stagnation point), the average daily
discharge or the maximum daily discharge should be considered depending on local
conditions.

It has become standard practice to neglect dispersion when determining the 50 days line for
the purpose of defining the boundary of Zone Il. However, dispersion should be included
under certain condition (e.g. where depth to groundwater is shallow or where a low
permeable stratum above the aquifer is absent) to provide for a safety margin

Porous aquifers and regularly and finely fissured aquifers

Zone Il should cover the entire area from which water takes 50 days or less to flow to the
production well. The extension of Zone Il upstream from the production well should in no
case be less than 100 m or 50 m in cases where circumstances warrant such a decision.

If the depth to groundwater is very great, the Inner Protection Zone (Zone Il) may be shorter
than given above, in the case that local geological conditions warrant. The top 6 m of the
overlying stratum should not be considered for the purpose of the calculations because of
their protective function.

No Inner Protection Zone (Zone Il) is needed if the water is exclusively abstracted from deep
horizons covered by low permeable overlying strata and if all production wells tapping these
horizons are sealed properly or if the entire aquifer is covered by low permeable layers of
sufficient thickness between the production well and the 50 days line. Such conditions will in
particular exist in cases where artesian groundwater is produced.

Karstic aquifers and coarsely fissured aquifers

If an Inner Protection Zone (Zone Il) for a karstic aquifer was to comprise the complete area
from which groundwater takes 50 days to flow to the production well, Zone Il would often
comprise the entire catchment area or most of it. Zone Il may in such cases be narrower, but
should in any case comprise all areas in which contamination may due to an increased
hazard to the karstic aquifer, such as, above all :

¢ slopes or dry valleys declining towards the catchment area (the upstream length of Zone I
must in such cases be at least 300 m from the well or at least 1000 m in the cases of high
discharge springs (in particular in the case of dry valleys);

e deep karst basins, sinks, dolines and cockpit karsts and their immediate environment in
particular if they are temporary or permanent swallow holes for large areas;

¢ the environment of stream or brook intakes;

Vol-5_Guideline-Groundwater-Protection-Zones.doc Page 55



ACSAD-BGR Technical Cooperation Project
Management, Protection and Sustainable Use of Groundwater and Soil Resources in the Arab Region
Volume 5 - Guideline for the Delineation of Groundwater Protection Zones

e deep-cut dry valleys, draining partly temporarily surface water or featuring areas of
infiltration;

e areas in which karstic aquifers have been excavated by mining;
areas featuring near-surface tunnels collecting groundwater;

e near-surface shatter zones or outcropping fault areas.

If deep karstic aquifers are covered by thick strata of low permeability overlying the entire
catchment area, Zone Il may not be necessary as in the case of porous aquifers under
conditions detailed above.

The above procedure proposed by DVGW (1995), to reduce Zone Il in karstic environments
which is normally delineated by the 50 days line as the crucial hazard criterion, is illogical and
inconsistent and therefore may not be accepted (HOTZL, 1996). For example, in Belgium the
Zone ll in karstic environments has to be enlarged by a factor of 10 from normally 100 m to
1000 m. HOTZL (1996) suggests to apply the COST (EUROPEAN COMMISSION 1995)
approach for the delineation of protection zones in karstic environments. The COST
approach does not apply a single criterion such as the delay time but considers the whole of
the aquifer characteristics in order to assess the karst aquifer vulnerability.

Immediate Protection Zone (Zone )

Zone | should extend over a distance of not less than 10 m around the production well. If the
water is produced from a spring, Zone | should be not less than 20 m on the upstream side of
the spring. The distance should be at least 30 m in the case of karstic aquifers.

4. Activities Contributing to Groundwater Contamination in Protection Zones

Hazardous Activities in Zone IlIB

e industrial estates;

e construction or extension of facilities or plants for the production, treatment, use, pro-
cessing, and storage of substances which contaminate groundwater and are non- or
hardly degradable and radioactive substances, such as substances from refineries, iron,
and steel mills, non-ferrous metal works, chemical plants, facilities for the storage of
chemicals and nuclear facilities (excepting facilities for medical applications as well as
equipment for metering, testing and control);

o thermal power plants, unless gas-fired;

e pipeline carrying fluids which may contaminate water;

e sewerage, including water sewerage, as well as sewage treatment plants, unless checked
for defects at regular intervals;

o release of waste water to the ground inclusive of sewage distribution fields other than
drainage of uncontaminated precipitation and waste water from waste water treatment
plants serving individual homes;

o plants for the treatment and disposal of solid waste (other than plants for the handling and
storage of such wastes);

¢ sites for the storage and processing of wrecked automobiles, scrap from automobiles and
old tires;

o sites for the storage of residue from thermal power stations and incinerators, blast-furnace
slag and foundry sand;

¢ sites for the disposal of contaminated and uncontaminated loose and solid rocks (such as
tailings) if decomposition and leaching may affect groundwater;

o use of fertilizers, unless in keeping with good agricultural practices as regards timing and
quantities of fertilizer;

¢ use of liquid or solid manure and silage seepage on waste land;
disposal of sludge from sewage treatment plants or cesspools and disposal of compost;
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e application of pesticides;
use of pesticides employing air-borne vehicles;

e animal breeding if the number of animals implies a risk to the quality of groundwater
because of the limited area on which they are kept and/or the limited area available for the
disposal of manure;

o storage of liquid or solid manure or soluble fertilizer outside permanently sealed sites and

silage production outside permanent silos excepting silage-making under plastic sheeting

on tight base plates surrounded by retention basins;

deforestation, plowing of legume-grass meadows and fallow;

spray irrigation in excess of field capacity;

airports;

use of materials from which contaminants may be washed or leached, such as use of

rubble, residues from incinerators, slag and mining residue for the construction of road,

waterway, railroad and air transportation systems and facilities or structures built for noise
control;

o release of storm water from roads or other transportation systems to the ground except for

embankment drainage and large distribution systems in ground with vegetation;

mining, oil and gas production;

development of underground facilities for storage of substances contaminating water;

storage or stockpiling of coal or mining residue;

quarries, if groundwater cover is reduced substantially and above all, if groundwater is

uncovered permanently or high groundwater level periods or cleaning strata are un-

covered and groundwater cannot be protected adequately;

o production of geothermal energy, excepting plants featuring secondary circuits;

o military facilities and exercises;

o sites for trap shooting and new golf courses.

Hazardous Activities in Zone IlIA

e activities, facilities and sites mentioned above for Zone IlIB;

¢ handling of substances contaminating water (except for minor quantities for residential
use, storage of fuel oil for residential use and storage of diesel fuel for farming operations;

¢ transformers and electricity lines holding cooling or insulating fluids contaminating water
(except for above ground lines or installations and connections to frame) in particular,
when abandoned;

e sewerage (except for sewerage satisfying high tightness standards checked for tightness
at reasonable intervals);

o discharge of waste water (other than treated precipitation) into surface water flowing into

Zone ll;

plants for handling and storage solid waste;

plants for residue recycling such as construction rubble recycling;

monocultures and cultivation of special plants and crops;

allotments;

new development zones;

transportation systems and buildings unless sewage and waste water other than un-

contaminated precipitation are completely and safely piped outside Zone llIA;

development and extension of graveyards;

markets, trade fairs, festivals and other similar gatherings outside appropriate facilities;

motor racing;

gasoline stations;

sites for the storage of building materials which may contaminate groundwater;

penetration of strata overlying groundwater other than laying of buried utility lines and civil

engineering excavations;
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drilling operations;

development and extension of artificial bodies of water such as fish ponds;

penetration of the silt layers between surface water and groundwater;

use of pesticides for vegetation control on unused land or road or railway areas, unless
groundwater is protected.

Hazardous Activities which are normally not accepted in Zone Il

e activities, facilities and sites mentioned above for Zone lil;

e construction and extension of buildings such as for commercial and agricultural use and
changes in the use of buildings and structures;

roads, railway lines and other similar facilities for transportation (except for trails);
changes of facilities for transportation unless made to improve the protection of
groundwater;

transportation of substances contaminating groundwater or radioactive substances,
storage of fuel oil and diesel fuel;

temporary works for construction;

use of liquid or solid manure or silage seepage;

livestock grazing;

installation and extension of liquid manure containers, solid manure sites or silos;
storage of chemical fertilizers and pesticides;

transportation of sewage or waste water;

installation or extension of drains;

surface water carrying waste water;

release of storm water (other than uncontaminated water from roofs) to the ground;
transformers and electricity lines with cooling or insulating fluids contaminating water;
swimming, camping and sports facilities;

shooting and blasting operations.

Hazardous Activities which are not acceptable in Zone |

activities, facilities and sites mentioned above for Zone Ill and Zone II;
any type of traffic (neither vehicle nor pedestrian);

use for agriculture, horticulture or forestry;

use of fertilizers and pesticides.
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Annex A-2: Acceptability Matrixes for Land Uses in England and Wales

(source: ENVIRONMENT AGENCY 1998)

Acceptability Matrix for Landfills:

Source Protection

Stte Type 1
Irner Zone

2
Outer Zone

3
Catchment Zone

1. High pollutien potesial Not acceptable
{landfills accepting domestic
commercial and industrial
waste either individuaily or
on a co-disposal basis)

2 Medium pollution
potential (landfiils
aceepting construction,
demolition industry wastes
and similar

"“Not acceptable

Nol acceprable

evaiuation on a case by
case basis and adeguate
aperational saleguaras

Only acceplable with
engineered containment
and operavonal
safeguards

Acteptable subjeci to
evajuation on a case by
case basis and adeguate
operational saleguards

‘Acceptable only wirh

(landhills accepling mert, acepplable adequate operational adeguate operational
uncontaminated waste) saleguards sateguarcis
Resource Protection
Major Minor Non-
Site Type Aquifer Aguifer Aquifer

3. High pollution potential Acceplable only with
{landtills accepling dommestic  engineeted containment
commercial and industrial and operational

wasle either individuaily or safeguards

on a co-disposal basis)

" TTAcceptable only with
adequate operatitnal
sateguards

2. Medium pollution
potential (landlills
aceepling construction,
demalition industry
wastes and sirmilar

3. 1ow pollution patentiai ~ Acceptable
(landfiils accepting ner,

unconlaminated waste)

Footnotes

Acceptable oniy with

anginested containmernt
and operational
sateguards

Acceptable’gnly with

adeguate pperational
safequards

Accepiable

Acgeptable oniy with
aduquate operationat
safequards. Engineering
measures may be
negessary in order Lo
pristect surface waters

~ Acteplable only with

adequate operational
sateguards

“Acteptable

1) This matnx refers specifically to groundwater pratectan, In case of Non-Aguifers, operational salequards will relate mainly 10

the prolection of surtace waler resources

2) Operational safeguards will inchude, inter alia. appropriate site managerment, pachate control and management and monitonng

controls

3) Mono disposal of hiazardous industrial wastes will only be acceptable in non-aquifer areas.

4) For sites which accept wastes of mixed poflution potential, the comments relating 1o the highest category of site Lype witl apply.

5) All decisions on a site-specilications basis imust Be subject to an appropriate risk assessinent

{his matrix is @ summary only and musi be read in conjunction with e palicy statements
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Acceptability Matrix for Liquid Effluents, Sludges and Slurries

Source Protection

Nature/Origin of Sludge 1 2 3
Inner Zone Outer Zone Catchment Zone
Inorganic or
non-hiodegradakbie
Containing significant Not acceptable Mot acceptable Nat acceprable
5 eoncentrations of List
_substances siaty ) o
Containing sigeificant Not zccepiable ) Naot acceptable Only acceptable subject
kist #l substances and other +.to evaluation and :
“persisterit chemicals censtraints (presumption
agairist}
Strong Organic and
Biodegradable
" Low nuirient content/ Not deceptable “Not acceptable Only acceptable subject
industrial * _after full investigation
i@ subject. to strict
- gontrol {presurnption
. i against)
Sewage sludge Not acceptable Acteptable subject 1o Acceptable subject 1o
evaluation _ evaluation
Farm wastes Not acceptable Acceptable subject to ‘Acteptabie subject to
evaluation evaluation
Low Pollution Potential/  Not acceptable Acceptable subject to Accepteble
High Dilution _ evaluation
.Resource Protection .’
Major Mitior Non-
Nature/Origin of Sludge Aquifer _ Aguifer Aquifer
Containing significant Not acceptable Not acceptable Onily acceptable subjeet
toncentrations of List | 1o evaluation and
substances constraings
o - {presumption against)
Containing significant Orily accepiable subject Oniy acceptable subject " Acceptahbfe subject
List Il substances and other 1o evaltation and ta evaluaticn and 1o evaluation .
persistent chericals constraints constraints :
(presumption against} (presumption against)
Strong Organic and
Biodegradable
Low nutrien content/ Only acceptable subject 1o Only acceptable subject 10 Acceplable subject to i
industrial evaluation and constraints evaluation and constraints evaluation !
{presumption againsi) - {presumption against} i
Sewage sludge Acceptable subject to Acceptable subject to Acceptable subject to J
) . B evaluation evaluation evatuation . 1
“Farm wastes Atceptable subject to " Accaptabie subject to Accepiabie subject to =
evaluation evaluation evaluation 4
Low Pollution Botential/i  Acceptabie Acceptable - Acceptable
High Dilution :
Footnotes

1) Sludges containing significant cancentrations of nitrogen cormpounds must be evaluated in the context of the existing crop
requirernent for nutrients and also take other sources of nitrogen into account. There may be a requiremen o deposit siudges
generated within: NSA's and NVZ's outside the designated area. Advice given in the MAFF Code of Good Agricultural Prectice for

the Protection of Water should be followed in all cases.

2) Evaluation of the acceptability of wastes at locations where there are low-permeability soils and/or strata should take account of
poiential run-off into surface waters. This may mean that situations considered acceptable for groundwater pratection are

Lnacceplable for surlace water reasons.

3) Where disposal of siudges on Major Aquifers is unavgidable the relavant groundwater vulnerabitity map should be used 1o

s

determine locations where soil is least permeable and/or affords a degree of protection. These areas should be used

preference 1o other, more vulnerable, areas,
4} The injection of shudges in such a way that it can by-pass the protective features of the soil layer is an Increasing practice. The

proposed method of sludge application will be taken into account in evaluating the risks of disposal 10 groundwater in any

location.

5) Where waste treatrmen sludges containing significant concentrations of List | (Appendix 1) substances are mixed wilh sewage
sludge pricr Lo spreading on land, restrictions will relate (0 the most polluting component.

This aratrix 5 & summary only and must be read in coryunction with the policy statements.
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Acceptability Matrix for Discharges of Sewage Effluent to Underground Strata

Source Protection
Activity 1 2 3
Inner Zone Outer Zone Catchment Zone
A. Disshargas of Ssptis
Tank or Treated Sewags
Effluent into
Underground Strata
<2m¥/d Not acceptable Acceptable (R3/4) (subject Acceptable (R4) (subject
(single dwelling) R1) to investigation and to standard conditions)
standard conditions
2m3/d to 5m37d Not acceptable Only acceptable after Acceptable {R3/4}
RY) investigation and {(subject to investigation/
assessment (R3) standard conditions
>bm3/d Not acceptabie Presumption Against (R2) Only acceptable after
{see note 2) (R1) {subject to investigation) investigation and
assessment (R3)
Storm Sewage Not acceptable Not acceptable Presumption Against (R2}
Overflows to (R1}) (R1) (only acceptable in
Soakaway exceptional
circumstances)
Resource Protaction
Major Minor Non-
Activity Aquifer Aquifer Aquifer
A. Dissharges of Septie
Tank or Treated Sewage
Effiuent into
Underground Strata
<2m3/d Acceptable (R4) Acceptable (R4) Acceptable (R4)
(single dwelling) (subject to standard (subject to standard {subject to standard
conditionsy conditions) conditions)
2m3d w Em¥d Acceptabie {R37%) T 7 TAcceptable {R374) Acteplable (R4)
(subject to investigation/ (subject 10 Investigation/ {subject to standard
standard conditions) standard conditicns) conditionsj .
>5m3/d Acceptabie (R3) "7 Acceptabie {R3) Acceptable (RY)
{see note 2) (subject to investigation} (subject to investigation} (subject to standard
conditions)
Storm Sewage Presumption Against Presumption Against Accepiable (R4)"
Overflows to (R2) (only acceptable in {R2) {only acceptable in {subject to standard
Soakaway exceptional circumstances) exceptional circumstances) conditions)
Footnotes

1) Direct discharge of sewage effluent to groundwater is normally not acceptable.

2) More significant discharges of sewage effiuent to ground (for example >25m3/d} will be subject to detailed site investigations

and risk assessment.

This matrix is a summary only and must be read in conjunction with the pelicy statements and the key on page  64.
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Acceptability Matrix for Trade Effluent to Underground Strata

Source Protection

Activity 1 2 3
Inner Zone Outer Zone Catchment Zone

B. Dissharges of Trade

Effluant into

Uinderground Sirata

Couoling Water-Free Presumption Against {R2) Acceptable {R3) (subject Acceptable (R3) (subject

from additives (acceptable only if to investigation) to investigation)

investigation favourable)

Dewatering Water Not acceptable

Acceptable (R3) (subject

Acceptable (R3) (subject

- subyject to analysis R} to investigation) to investigation)
Process Efuent Not acceptable Presumption Agalnst {R2)  Presumption Against (R2)
- via spakaway or (R1) (acceptable only if (acceptable only if
Permeable Lagoons investigation favourable} investigation favourable)
Resource Protection
Major Minor. Non-
Activity Aquifer Aquifor Aquifer
B. Discharges of Trade
Efftuent into
Underground Strata
Cooling Water-Free Acceptabie (R3) Acceptable (R3) Acceptable (R4) (subject
from additives (subject to investigation) {subject to investigation) to standard conditions}
Dewatering Water Acceprable (R3) Acceptable (R372) (subject Acoepiable (R4) (subject
- subject to analysis (subject to investigation) to investigation/standard to standard conditions)
conditions})
Process Effluent Presumption Against (R2) Accepiable {R3) {subject Acceptabie (R3) (subject
- via soakaway or (acceptable onby if to investigation) 1o investigation)
Permeabie Lagoons investigation favourabie)
Footnotes

3) Direct discharge of trade effluent to groundwater is not acceptable with the exception of some cooling water and geothermal

feturn waters, subject to investigation.

4) Where the cooling water is discharged to an aquifer where the natural groundwater has a similar chemical composition the
Agency will have no objection subject to standard conditians. (R4)

This matrix is 3 summary only and must be read i conjunction with the policy statements and the key on page  64.
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Acceptability Matrix for Surface Water to Underground Strata

Source Protection

Activity 1 2 3

Inner Zone QOuter Zone Catchment Zone
C. Discharges of Surface
Water to Soakaway:

Roof Drainage

impermeable Areas
- public/amenity

- large car parks

No objection (R5)
(provided for sole use
of roof drainage) _

No objection (R5)

Not acceptable (R1)

Not acceptable (R1)

Acceptable (R4)

Acceptable (R3/4)
(with interceptor)

No objection (R5)

Acceptable (R4)

Acceptable (R4)
(with interceptor)

- lorry parks Not acceptable (R1) ~ Presumption Against (R2) Acceptable (R3/4)
(with interceptor)

- garage forecourts Not acceptable (R1) Presumption Against (R2) Acceptable (R4)
(with interceptor)

- major roads Not acceptable (R1) ~ Presumption Against (R2) Acceptable only if
Acceptable only in investigation favourable
exceptional circumstances and with adequate

precautions (R4)

industrial Sites Not acceptable (R7) ~ Presumption Against Acceptabie only if
(R2) investigation favourable

and with adequate
precautions (R3/4)
Resource Protection
Major Minor Non-

Activity Aquifer Aquifer Aquifer

C. Discharges of Surface

Water to Soakawvay:

Roof Drainage No objection (R5) No objection (RS5) No objection (R5)

impermeable Area B o -
- public/amenity Acceptable (R4) Acceptable (R4) Acceptable (R4)
- large car parks Acceptable (R4) “Acceptable (R4) Acceptable (R4) h
(with interceptor) {(with interceptor) (with interceptor)

- lorry parks Acceptable (R4) Acceptable (R4)) Acceptable (R4)
(with interceptor) (with interceptor) (with interceptor)

- garage forecourts Acceptable (R4) Acceptable (R4) Acceptable (R4)
(with interceptor) (with interceptor) (with interceptor)

- major roads Acceptable (R4) Acceptable (R4) Acceptable (R4) )
(subject to investigation (subject to investigation {with interceptor)
and with interceptor) and with interceptor)

Industrial Sites Acceptable only if "~ Acceptable (R4) Acceptable (R4)
investigation favourable (subject to investigation) (subject to
and with adequate with interceptor investigation) with
precautions (R3/4) interceptor.

Footnotes

5) Direct discharge into groundwater of surface water run-off is normally not acceptable

This matrix is a summary only and must be read in conjunction with the policy statements and the key on page 64,
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Explanations to Acceptability Matrixes

Discharges to underground strata Key to
Matrices 3a, b and c.

Response 1

(RD

Response 2
(R2)

Response 3

(R3)

Prohibit/object in principle - The
Agency will normally object in
principle to such activities which
would involve a high risk of
contamination to controlled waters
or a source,

Presumption against - The Agency
will seek to prohibit this activity by
serving an absolute prohibition
notice wherever possible. An
objection will only be withdrawn in
exceptional circumstances or where
detailed investigation can
demonstrate that the activity does
not represent a high risk of
contamination to controlled waters
and can be adequately controlled by
conditions that form part of a
statutory consent or agreement.

Prohibition notice/Consent to
discharge - The Agency will
normally have no objection in
principle to this type of discharge,
providing it is controlled through
the use of a prohibition notice with
conditions and a consent to
discharge is obtained where
appropriate.

Initial screening of a consent
application will identify whether
further investigation and assessment
is required prior to consent being
determined. Consent conditions may
restrict the quality and quantity of
effluent discharged and where
assessment identifies a potential for
significant change in groundwater
quality, long term monitoring of
both the discharge and remote
observation points may be required.
principle to this discharge which it
considers will have no discernible
impact on water resources or quality.
No conditions or monitoring are
likely to be required.

Response 4
(R4)

Response 5
(R5)

No objection subject to standard
conditions - The Agency will
normally have no objection in
principle to this discharge subject to
standard conditions on a prohibition
notice or planning permission to
protect the quality of controlled
walers or a source, An investigation
may be required to determine the
risk of contamination and the
formulation of appropriate
conditions. Long term monitoring of
controlled waters in the vicinity of
such activities may be required.

No abjection - The Agency will
normally have no objection in
principle to this discharge which it
considers will have no discernible
impact on water resources or quality.
No conditions or monitoring are
likely to be required.
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Annex A-3: Restrictions for Public Drinking Water Areas in Western
Australia (Water Quality Protection Note)

LAND USE COMPATIBILITY
IN PUBLIC DRINKING WATER SOURCE AREAS

Purpose

These notes provide the Commission’s views on practices and activities related to the quality of the
State’s water resources. They are recommendations only, and may be varied at the discretion of the
Commission.

The notes provide a basis for developing formal guidelines in consultation with key stakeholders.

Scope

These notes provide guidance on land use within Public Drinking Water Source Areas (PDWSAs).
PDWSAs include Underground Water Pollution Control Areas, Water Reserves and Public Water
Supply Catchment Areas declared under the Metropolitan Water Supply, Sewerage and Drainage Act
1909, and the Country Areas Water Supply Act 1947.

The notes are not intended to override the statutory role and policy of other State or local government
authorities. Project proponents will need to fulfill their legal responsibilities including those covering
land use planning, environmental, health and building permit matters.

PDWSA Protection Framework

The Water and Rivers Commission is responsible for managing and protecting Western Australia’s
water resources. The Commission has policies for the protection of public drinking water source areas
that include three levels of priority classification of lands within PDWSAs.

Priority 1 (P1) source protection areas are defined to ensure that there is no degradation of the
water source. P1 areas are declared over land where the provision of the highest quality public
drinking water is the prime beneficial land use. P1 areas would typically include land under Crown
ownership. P1 areas are managed in accordance with the principle of risk avoidance and so land
development is generally not permitted.

Priority 2 (P2) source protection areas are defined to ensure that there is no increased risk of
pollution to the water source. P2 areas are declared over land where low intensity development (such
as rural) already exists. Protection of public water supply sources is a high priority in these areas. P2
areas are managed in accordance with the principle of risk minimization and so conditional
development is allowed.

Priority 3 (P3) source protection areas are defined to manage the risk of pollution to the water
source. P3 areas are declared over land where water supply sources need to co-exist with other land
uses such as residential, commercial and light industrial developments. Protection of P3 areas is
achieved through management guidelines for land use activities. If the water source does become
contaminated, then water may need to be treated or an alternative water source found.

In addition to priority classifications, well-head protection zones and reservoir protection zones are
defined to protect the water source from contamination in the immediate vicinity of production wells
and reservoirs. Well-head protection zones are usually circular, with a radius of 500 meters in P1
areas and 300 meters in P2 and P3 areas. Reservoir protection zones usually consist of a 2 kilometer
buffer area around the top water level of a reservoir and include the reservoir itself. These zones do
not extend outside water reserves. Special conditions apply within these zones.

Tables showing land use compatibility with the Commission’s PDWSA protection strategy
These tables should be used as a guideline only. More detailed information on the Commission’s
recommendations as activity guidelines or notes is available for some land uses. These can be found
on the ‘Protecting Water web page on the Commission’s Internet site (www.wrc.wa.gov.au).
Alternatively information relating to land use and development within PDWSAs including those not
listed in the tables, can be obtained from the Commission’s Water Quality Protection Branch.
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Existing activities

The Commission recognizes that many activities were established before the introduction of these
tables.

The Commission will negotiate with the operators of non-conforming activities to develop agreed
management practices to minimize the impact on water resources. The Commission may also provide
information to operators on best management practices for existing compatible and conditional
activities.

Proposed activities

These tables do not replace the need for assessment of proposed activities by the Commission.
Please consult the Commission for advice on any land use proposals in Public Drinking Water Source
Areas that may impact on water resources.

Definitions used in the following tables

Compatible: The land use is compatible with the management objectives of the priority classification.
Conditional: The land use can be compatible with the management objectives of the priority
classification, with appropriate site management practices. All conditional developments / activities
should be referred to the Commission for assessment on a case specific basis.

Incompatible: The land use is incompatible with the management objectives of the priority
classification. Any such development proposals received may be referred for formal Environmental Impact
Assessment under Environmental Protection Act.

Extensive: Where limited additional inputs are required to support the desired land use, e.g.
supplementary animal feed only during seasonal dry periods.

Intensive: Where regular additional inputs are required to support the desired land use, e.g. irrigation,
fertilizers and non forage animal feed dominates.

More information

We welcome your comment on these notes. They will be updated from time to time as comments are
received or activity standards change. The Commission is progressively developing Water Quality
Protection Notes and Guidelines covering land uses described in the following tables. Advice on
available guidance documents may be obtained by contacting the Commission.

If you wish to comment on the notes or require more information, please contact the Commission’s
Water Quality Protection Branch at the Hyatt Centre in East Perth.

Phone: (08) 9278 0300 (business hours) or Fax:(08) 9278 0585.

E-mail: use the {feedback} section at our Internet address (http://www.wrc.wa.gov.au) citing the topic
and version.

Tables showing land use compatibility with PDWSA protection objectives

AGRICULTURE - ANIMALS

Land use Priority 1 Priority 2 Priority 3
Animal sale yards and stockyard™ Incompatible incompatible” Conditional”
Apiaries on Crown land Conditional Conditional Conditional
Aquaculture a crustaceans, fish, algae- Incompatible Conditional Conditional
Dairy sheds Incompatible Incompatible™™ Conditional™
Feedlots Incompatible Incompatible Conditional
(Livestock grazing - pastoral leases Conditional Compatible Compatible
livestock grazing - broad acre (extensive) Incompatible Conditional" Compatible
(Livestock grazing (intensive) Incompatible Incompatible Conditional™
Piggeries Incompatible Incompatible Incompatible
Poultry farming (housed) Incompatible Conditional Conditional
Stables Incompatible Conditional Compatible

AGRICULTURE - PLANTS

Land use / practices Priority 1 Priority 2 Priority 3
Broad land cropping i.e. non-irrigated Incompatible Conditional' Compatible
Floriculture (extensive) Incompatible Conditional Compatible
Floriculture (intensive) Incompatible incompatible Conditional
Horticulture- hydroponics Incompatible Conditional Conditional
Horticulture-market gardens Incompatible Incompatible Conditional
Orchards Incompatible Conditional Compatible
Nurseries (potted plants) Incompatible Conditional Compatible
Silviculture (tree farming) Conditional Conditional Compatible
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Land use / practices Priority 1 Priority 2 Priority 3
Soil amendment (clean sand, loam, clay, eat) Incompatible Conditional Compatible
Soil amendment (industry byproducts & biosolids) Incompatible Incompatible Conditional
Turf farms Incompatible Incompatible Conditional
Viticulture (wine & table grapes) Incompatible Conditional Compatible
DEVELOPMENT-COMMERCIAL
Land use Priority 1 Priority 2 Priority 3
Aircraft servicing Incompatible Incompatible Conditional®
Airports or landing rounds Incompatible Incompatible Conditional®
Amusement centers Incompatible Incompatible Compatibl®
Automotive businesses Incompatible Incompatible Conditional®
Boat servicing Incompatible Incompatible Conditiona®
Catteries Incompatible Compatible Compatible
Caravan and trailer hire Incompatible Incompatible Conditional®
Chemical manufacture / formulation Incompatible Incompatible Conditional®
Consulting rooms Incompatible Incompatible” Compatible®
Concrete batching and cement products Incompatible Incompatible Conditional
Cottage Industries Conditional Conditional Compatible
Do kennels Incompatible Conditional Conditional
Drive in / take-away food shops Incompatible Incompatible Compatible®
Drive-in theatres Incompatible Incompatible Compatible®
Dry cleaning remises Incompatible Incompatible Conditional®
Dye works Incompatible Incompatible Conditional®
Farm supply centers Incompatible Incompatible” Conditional
Fertilizer manufacture / bulk storage depots Incompatible Incompatible Conditional
Fuel depots Incompatible Incompatible Conditional
Garden centers Incompatible Incompatible Compatible
Laboratories (analytical, photographic) Incompatible Incompatible Conditional®
Markets Incompatible Incompatible Compatible®
Mechanical servicing Incompatible Incompatible Conditional®
Metal production /finishing Incompatible Incompatible Incompatible
Milk transfer depots Incompatible Incompatible Conditional
Pesticide operator depots Incompatible Incompatible Incompatible
Restaurants and taverns Incompatible Incompatible Compatible®
Service stations Incompatible Incompatible Conditional®
Shops and shopping centers Incompatible Incompatible” Compatible®
Transport & municipal works depots Incompatible Incompatible Conditional
Vehicle parking (commercial) Incompatible Incompatible Compatible
Vehicle wrecking and machinery Incompatible Incompatible Conditional
Veterinary clinics / hospitals Incompatible Incompatible” Conditional®
Warehouses Incompatible Incompatible” Conditional®
DEVELOPMENT -INDUSTRIAL
Land use Priority 1 Priority 2 Priority 3
Heavy Industry Incompatible Incompatible Incompatible
Light or general Industry Incompatible Incompatible Conditional®
Power Stations / Gasworks Incompatible Incompatible Incompatible
Petroleum refineries Incompatible Incompatible Incompatible
DEVELOPMENT-URBAN
Land use Priority 1 Priority 2 Priority 3
Aged and dependent persons group dwellings Incompatible Incompatible Compatible®
Cemeteries Incompatible Incompatible Conditional
Civic buildings Incompatible Conditional” Compatible®
Clubs-sporting or recreation Incompatible Conditional Compatible®
Community halls Incompatible Conditional” Compatible
Family day care centers Incompatible Incompatible” Compatible®
Funeral parlors Incompatible Incompatible Compatibl®
Health centers Incompatible Incompatible Com atible®
Hospitals Incompatible Incompatible Conditional®
Veterinary, dental centers Incompatible Incompatible Compatibl®
Toilet blocks and change rooms Incompatible” Conditional Compatible
EDUCATION | RESEARCH
Land use Priority 1 Priority 2 Priority 3
Community education centers Conditional” Conditional” Compatible®
Primary / Secondary Schools Incompatible Incompatible Compatible®
Scientific Research Conditional Conditional Compatible
Tertiary Education Facilities Incompatible Incompatible Conditional®
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EXPLORATION, MINING AND MINERAL PROCESSING

Land use Priority 1 Priority 2 Priority 3
Extractive industries (sand, clay, peat and rock) Conditional® Conditional® Conditional®
Mineral and energy source exploration Conditional® Conditional’® Conditional®
Mining Conditional® Conditional® Conditional”
Mineral processing Incompatible Incompatible Conditional”
Oil or gas extraction / decontamination for Conditional® Conditional® Conditional®
transport

Tailings dams Incompatible Incompatible Conditional®
PROCESSING OF ANIMALS / ANIMAL PRODUCTS

Land use Priority 1 Priority 2 Priority 3
Animal product rendering works Incompatible Incompatible Incompatible
Abattoirs Incompatible Incompatible Incompatible
Dairy product factories Incompatible Incompatible Conditional®
Food Processing Incompatible Incompatible Conditional®
Manure stockpiling / processing facilities Incompatible Incompatible Conditional
Tanneries Incompatible Incompatible Incompatible
Wool-scourers Incompatible incompatible Incompatible
PROCESSING OF PLANTS / PLANT PRODUCTS

Land use Priority 1 Priority 2 Priority 3
Breweries Incompatible Incompatible Conditional®
Composting | soil blending commercial Incompatible Incompatible Conditional
Forestry product processing- pulp & paper, Incompatible Incompatible Conditional
timber reservation, or wood fiber works

Vegetable / food processing Incompatible Incompatible Conditional®
Wineries Incompatible Conditional™ ™ Conditiona™
SUBDIVISION

Land use Priority 1 Priority 2 Priority 3
Rural subdivision to a minimum lot size of 4 ha Incompatible Compatible Compatible
Rural subdivision to a lot size less than 4 ha Incompatible Incompatible Incompatible
Special rural subdivision to a minimum lot size Incompatible Conditional®® Conditional®
of 2ha

Special rural subdivision to a lot size between Incompatible Incompatible Conditional®®
1and 2 ha

Special rural subdivision to a lot size less than Incompatible Incompatible Incompatible®
1ha

Urban subdivision Incompatible Incompatible Compatible®
Industrial subdivision Incompatible Incompatible Conditional®
Note: Subdivision of lots to any size within Priority 1 areas is incompatible
SPORT AND RECREATION

Land use Priority 1 Priories 2 Priorit 3
Equestrian centers Incompatible Incompatible Compatible
Golf courses Incompatible Incompatible Conditional’
Motor sports i.e. permanent racing facilities Incompatible Incompatible Conditional
Public swimming pools Incompatible Incompatible Conditional
Recreational parks -irrigated Incompatible Incompatible Conditional’
Rifle ranges Incompatible Conditional Compatible
STORAGE/ PROCESSING OF TOXIC AND HAZARDOUS SUBSTANCES (THS)

Land use Priority 1 Priority 2 Priority 3
Above round storage of THS Conditional Conditional Conditional
Underground storage tanks for THS Incompatible Incompatible Conditional
TOURISM ACCOMMODATION

Land use Priority 1 Priority 2 Priority 3
Bed and breakfast accommodation Incompatible Conditional™ Compatible
Caravan parks Incompatible Incompatible Conditional®
Farm stay accommodation Incompatible Conditional™ Compatible
Motels, hotels, lodging houses, hostels, resorts Incompatible Incompatible Compatible®
WASTE TREATMENT AND MANAGEMENT

Land use Priority 1 Priority 2 Priority 3
Injection of liquid wastes into ground water Incompatible Incompatible Incompatible
Landfills-Class |, Il or Il Incompatible Incompatible Conditional
Landfills-Class 1V and V Incompatible Incompatible Incompatible
Recycling depots Incompatible Incompatible Conditional
Refuse transfer stations Incompatible Incompatible Conditional
Sewers (gravity) Incompatible Incompatible Compatible
Sewers (pressure mains) Incompatible Conditional Compatible
Sewage pump stations Incompatible Conditional Conditional
Used tire storage / disposal facilities Incompatible Incompatible Incompatible
Wastewater treatment plants Incompatible Incompatible Conditional
Wastewater application to land Incompatible Incompatible™ Conditional

OTHER DEVELOPMENTS
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Land use Priority 1 Priority 2 Priority 3

Caretaker's housing Incompatible Conditional Compatible
Communications receivers / transmitters Conditional Conditional Conditional
Construction projects (not shown elsewhere) Conditional Conditional Conditional
Drinking water treatment plants Conditional Conditional Conditional
Forest Conditional’ Compatible Compatible
Mayor transport routes Incompatible Conditional™ Compatible
Construction /Mining camps, Conditional Conditional Conditional®
Prisons Incompatible Incompatible Conditional
National and Regional Park™ Compatible Compatible Compatible
Nature reserves Compatible Compatible Compatible

Table reference notes:

1

Conditions may limit fertilizer and pesticide application.

Conditions cover the storage of fuels and chemicals, the depth of excavation in relation to the water table with specified guidelines for

Conditions placed via the Department of Minerals and Energy lease and / or Environment Minister's /Department of Environmental

Special rural development must have appropriate provisions under the Town Planning Scheme, to prevent introduction of land uses and

Must be connected to deep sewerage, except where exemptions apply under the current Government Sewerage Policy.
May be accepted if this facility is necessary to support acceptable land use in the area and is consistent with State and local government
Lots should only be created where land capability allows effective on-site soakage disposal of treated wastewater Conditions apply to siting

of wastewater disposal systems in areas with poor land drainage and / or a shallow depth to groundwater, animals are held or fertilizer is
applied. Alternative wastewater treatment systems, where approved by the Health Department, may be accepted with maintenance

An average rather than minimum lot size may be acceptable if the proponent can demonstrate that the water quality objectives of the source
protection area are met, and caveats are placed on titles of specified blocks stating that further subdivision cannot occur

May be permitted if animal stocking levels (number of animals per hectare) are consistent with source protection objectives.

May be permitted if the type, volume and storage mechanisms for chemicals are compatible with water quality protection objectives.

2.
rehabilitation.
3 Conditions cover the storage and use of fuel and other chemicals.
4
Protection approval.
5
practices that pose an unacceptable risk to water resources
6
7.
planning strategies.
8
requirements.
9.
10. Conditions cover road design, construction and the types of goods that may be carried.
11.
12.
13.  Visitor and management infrastructure and facilities must be appropriately sited and maintained.
14.  This does not include on-farm / pastoral lease stock-yards used for animal husbandry
15. Waste management practices must be compatible with source protection objectives.
16 Conditions apply on density of accommodation in Priority 2 areas
17. May be permitted if the quantity and quality are compatible with water quality protection objectives,
18.

Size of annual grape crush does not exceed 500 tons and grapes sourced from operator's vineyards within the P2 area.
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ABSTRACTS

Vulnerability mapping in karst areas (EPIK)

EPIK is a multiparameter method that was developed as an aid in mapping groundwater vulne-
rability in karst regions, with special respect to catchment areas of sources. Groundwater vualne-
rability maps based on this method are an indispensable tool for establishing groundwater pro-
fection zones. - :

EPIK is based on the specific groundwater dynamics in karst aquifers. Four parameters are
taken into account: (1) Development of the Epikarst, (2) effectiveness of the Protective cover,
(3) conditions of Infiltration and (4) development of the Karst network.

After having been given a quality-ranking index, each of the four parameters is mapped
throughout the groundwater catchment area. A weighting coefficient is then attributed to each
of the indexed parameters according to their degree of protection against contamination. By
adding the protection values of each parameter a protection index F for each surface element of
the catchment area is calculated. In this way a groundwater vulnerability map is produced,
representing the spatial distribution of F. F may be determined manually or by means of a GIS.
Furthermore, F values can be used to establish the groundwater protection zones S1, S2 and S3
in an objective manner. '

The EPIK method was adjusted in several pllot studies in different types of karst in Switzeriand
where groundwater is polluted mainly by agricultural activities. The groundwater vulnerability
maps allowed the establishment of new protection zones, which were subsequently verified by
tracer tests and geophysical investigations.

Key words : Groundwater, karst hydrology, vulnerability, mapping, source protection -zones,
Switzerland, EPIK.

Cartographie de la vulnérabilité en régions karsiiques (EPIK)

La méthode multicritére EPIK a été établie pour cartographier de maniére générale la vulnéra-
bilité des aquiféres karstiques et plus spécifiquement celle des bassins d'alimentation des sour-
ces ou captages en milien karstique. La carte de vulnérabilité obtenue constitue ainsi une base
indispensable pour la délimitation des zones de protection..

Basée sur 'organisation spécifique des écoulements dans les aquiféres karstiques, cette mé-
thode prend en compte 4 critéres: 1) développement de I'Epikarst, 2) importance de la couver-
_ture Protectrice, 3) conditions d'Infiltration et 4) développement du résean Karstique.

On évalue chaque critére en le qualifiant par des indices, qui sont cartographiés sur 'ensemble
du bassin d'alimentation des sources ou captages considérés. A chaque critére indexé, on attri-
“bue une valeur en fonction du réle protecteur qu’il represente I.’addition des valeurs obtenues
pour chacun des critéres fournit la valeur du facteur de protection F pour chaque élément de
surface du bassin d’alimentation étudié. De cette maniére on obtient, sous forme d’une carte de
vulnérabilité, une représentation de la répartition du facteur F-pour ’ensemble du bassin, Cette
opération peut se faire manuellement ou 4 l'aide d'un systéme d'information géographique.
Grice & une relation d'équivalence, on peut transformer de maniére rigoureuse le document
obtenu en carte des zones de protection S1, S2 et 3.

Cette méthode a été ajustée sur plusicurs sites en milieu karstique en Suisse (différénts types de
karst) ol se posaient des problémes de contamination des sources essenticllement dus a l'agri-
cuiture. Les cartes de vulnérabilité ont permis d'établir de nouvelles zones de protectlon véri-
fides 4 l'aide d'essais de tracage et d'investigations géophysigues.

Mots-clés : Eaux souterraines, karst vitlnérabilité captages, cartographze zones de protectzon
Suisse, EPIK.
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Kartierung der Vulnerabilitiit in Karsigebieten (Methode LPIK)

EPIK ist eine Multikriterien-Methode zur kartographischen Erfassung der Vulnerabilitit in
Ginzugsgebieten von Karstquellen und Karst-Grundwasserfassungen. Vulnerabilititskarten
" bilden die Grundlage fiir die Ausscheidung der Grundwasserschutzzonen in Karstgebicten.

Die EPIK-Methode tridgt der spezifischen. Grundwasserdynamik in Karstaquiferen Rechnung.
Beriicksichtigt werden vier Kriterien: (1) Entwicklung des Epikarsts, (2) Schutzwirkung der
Deckschicht (Protection), (3) Infiltrationsverhiiltnisse und (4) Entwicklung des Karstnetzes.

Fiir jedes Flichenelement eines Untersuchungsgebietes werden fiir jedes der vier Kriterien E, P,
I und K die zugehdrigen Indizes ermittelt und separat auskartiert. Jedes Kriterinm ist zudem, in
Abhingigkeit seiner Schutzfunktion, mit einem Koeffizienten gewichtet. Die Summe der
ermittelten Werte ergibt den Schutzfaktor F fiir jedes Flichenelement. Aus der rdumlichen
Verteilung von F resultiert eine Vulherabilititskarte, welche manuell oder mitels eines GIS
erstellt werden kann. F-Werte kénnen direkt und in nachvollziehbarer Weise zur Ausscheidung
der Grundwasserschutzzonen 51, 82 und S3 verwendet werden.

Die EPIK-Methode wurde im Rahmen mchrerer Pilotstudien in verschiedenen Gebieten der
Schweiz mit unterschiedlichen Karsttypen - im Zuosammenhang mit periodischen Verschmut-
zungen des Trinkwassers durch die Landwirtschaft - gepriift. Dabei ermoglichten die Vulnera-
bilitiitskarten die Ausscheidung neuer Schutzzonen, die in der Folge durch Markierversuche
und geophysikalische. Untcrsuchungen verifiziert wurden.

Stichworte : Grundwasser, Karst, Vulnerabzhtat kartographische Auﬁwhme Grundwasser-
schutzzonen, Schweiz, EPIK.

Cdrtografia della vulnerabilita in regioni carsiche ( EPIK)

Il metodo a pidl criteri EPIK & stato concepito allo scopo di cartografare in generale la vulnera-
bilitd degli acquiferi carsici e in particolare quella dei bacini di alimentazione delle sorgenti o
captazioni in regioni carsiche. La carta della vulnerabilitd ottenuta costituisce una base indis-
pensabile alla delimitazione delle zone di protezione. '

Tale metodo, basato sull’ organizzazione specifica del deflusso negli acquiferi carsici, prende in
considerazione quattro criteri: 1) lo sviluppo dell’ Epicarso, 2) I'importanza della copertura di
Protezione, 3) le condizioni d' Infiltrazione, 4) 1o sviluppo della rete ca_rsica (Karst).

Ogni criterio viene valutato in base a una qualificazione per indici che sono cartografati
sull’insieme del bacino di alimentazione delle sorgenti o captazioni considerate. A ogni criterio
indicizzato viene attribuito un valore in funzione del ruolo di protezione che esso rappresenta.
L’addizione dei valori ottenuti per ciascun criterio fomisce il valore del fattore di protezione F

" per ciascun elemento della superficie del bacino di alimentazione studiato. In questo modo si
ottiene, sotto forma di una carta della vulnerabilitd, una rappresentazione della ripartizione del
fattore F per I'insieme del bacino. Tale operazione pud essere svolta manualmente o con I’aiuto
di un sistema d’informazione geografica. Grazie a una relazione di equivalenza & possibile
trasformare in modo rigoroso il documento ottenuto in carte delle zone di protezione S1, 52,
S3.

Detto metodo & stato adattato su diversi siti carsici in Svizzera (tipi differenti di carso) in cui Vi
erano problemi di inquinamento delle sorgénti dovuti essenzialmente all’ agricoltora. Le carte di
vulnerabiliti hanno permesso di stabilire nuove zone di protezione che sono state valutate per
mezzo di prove con traccianti e di analisi geofisiche.

Parole chiave : acque sotterranee, carso, vulnerabilita delle captazioni, cartografia, zone di
protezione, Swzzera [LPIK. :
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PREFACE

With the objective of ensuring potable water quality, the water protection law states that
groundwater protection zones must be determined for public groundwater catchment
installations. For interstitial porosity aquifers, the delineation of the size of a protection .
zone is based on the distance travelled by water over a given period of time, before
reaching the catchment installation. Determination of this distance and consequently the
size of the protection zone are generally ascertained based on specific measurements
taken during a hydrogeological investigation.

In karstic aquifers the distribution of groundwater flow velocities is very heterogeneous,
such that the risk of groundwater supply pollution does not decrease in a regular manner
with increasing distance from the catchment installation, as is generally the case for
interstitial porosity aquifers. Moreover, karstic groundwater flow velocities vary greatly
with atmospheric conditions. Consequently the time criteria used for interstitial porosity
aquifer protection zone delineation is not applicable to karstic aquifers.

The current ‘publication provides a hydrogeological basis for the determination of
protection zones in karstic regions. The method is not based on the evaluation of flow
velocities, rather on the evaluation of a certain number of hydrogeological parameters
- which characterise the degree of groundwater protection in different parts of a catchment
area of a source. The protection zones are consequently defined on the basis of their
sensitivity to groundwater pollution, in other words, based on groundwater vulnerability.

This method was developed by the Centre of Hydrogeology of the University of
Neuchatel on behalf of the Swiss Agency for the Environment, Forests and Landscape
(SAEFL) and with the assistance of the Swiss National Hydrological and Geological
Survey (SNHGS). A work group consisting of members of the Swiss Society of
Hydrogeology was given responsibility for the projects oversight, in collaboration with
the Water Protection and Fisheries Division of the SAEFL along with the SNHGS.

This publication is intended for authorities, consulting geologists and engineefs as well
as research specialists.

6 ' .  Groundwater Vulnerability Mapping in Karstic Regions (EPIK)



PREFACE

Dans le but d’assurer la qualité des eaux potables du pays, la loi sur la protection des
caux exige que des zones de protection des eaux souterraines soient délimitées autour des
captages d’intérét public. Pour les aquiféres & porosité d’interstice, le dimensionnement
de ces zones de protection est basé sur la distance parcourue par I’eau, pendant une durée
déterminée, avant d’arriver au captage. La détermination de cetie distance, et donc le
dimensionnement des zones de protection, sont généralement effectués sur la base de
mesures spécifiques réalisées dans le cadre d’une étude hydrogéologique.

Dans les aquiféres karstiques, la répartition des vitesses de circulation des eaux souter-
raines est trés hétérogene, de sorte que le risque de pollution de I’eau captée ne diminue
pas réguliérement avec 1”éloignement du captage, comme c¢’est généralement le cas pour
les aquiféres & porosité d’interstice. De plus, les vitesses de circulation des eaux souter-
raines karstiques sont trés variables en fonction des conditions atmosphériques.. Le critere
temps utilisé pour la délimitation des zones de protection dans les aquiféres & porosité
d’interstice n'est donc pas applicable aux aquiféres karstiques.

Avec la présente publication, on a voulu jeter les bases d'une délimitation hydrogéo-
logiquement fondée des zones de protection dans les régions karstiques. La méthode
proposée n’est pas basée sur la détermination des vitesses de circulation des eaux sou-
terraines, mais sur 1’évaluation d’un certain nombre de critéres hydrogeéologiques carac--
térisant le degré de protection des eaux souterraines dans les différentes parties du bassin
d’alimentation d’un captage. Les zones de protection sont par conséquent délimitées sur
la base de leur sensibilité 4 la pollution des eaux souterraines, autrement dit, de la vulné-
rabilité des eaux souterraines. '

Cette méthode a été développée par le Centre d’hydrogéologie de 1’Université de
Neuchatel dans le cadre d’un mandat de 1'Office fédéral de I’environnement, des foréts et
du paysage (OFEFP) et du Service hydrologique et géologique national (SHGN). Un
groupe de travail composé de membres de la Société suisse d’hydrogéologie a été chargé
d’accompagner le projet, en collaboration avec la division Protection des eaux et péche
de 'OFEFP et avec e SHGN. '

Cette publication s’adresse aux autorités, aux géologues et ingénieurs conseils, ainsi
qu’aux spécialistes de la recherche. ‘

Groundwater Vulnerability Mapping in Karstic Regions (EPIK) ‘ | 7



VORWORT

Zum Schutz der im offentlichen Interesse licgenden Trinkwasserfassungen vor Ver-
schmutzungen verlangt das Gewisserschutzgesetz die Ausscheidung von Grundwasser-
schutzzonen. Die Dimensionierung dieser Schutzzonen beruht in Lockergesteins-Grund-
wasserleitern auf einer bestimmten Fliesszeit, welche das Grundwasser braucht, um zur
Fassung zu gelangen. Die Bestimmung dieser Flicsszeit - und damit auch die Bemes-
sung der Grundwasserschutzzonen - erfolgt in der Regel aufgrund eindeutiger Resultate
einer hydrogeologischen Untersuchung.

In Karst-Grundwasservorkommen sind die Fliessgeschwindigkeiten des Grundwassers
sehr heterogen, sodass die Gefahr einer Verschmutzung des gefassten Wassers nicht
generell mit zunehmender Entfernung des Gefahrenherdes abnimmt, wie dies bei Lok-
kergesteins-Grundwasser normalerweise der Fall.ist. Zudem wird die Fliessgeschwin-
digkeit des Karst-Grundwassers von den meteorologischen Verhiltnissen beeinflusst.
Das Kriterium der Grundwasserfliesszeit ist demnach fiir die Ausscheidung vori Grund-
wasserschutzzonen in Karst-Grundwassergebieten grundsitzlich ungeeignet.

Mit der vorliegenden Publikation - welche sich an Fachbchorden, beratende Geologen
und Ingenieure sowie an Fachkreise in der Forschung wendet - wird dem Bediirfnis
nachgekommen, die Ausscheidung von Grundwasserschutzzonen in Karstgebieten auf
eine hydrogeologisch fundierte Basis zu stellen. Es wird eine Methode zur Ausschei-
dung von Grundwasserschutzzonen vorgestellt, die nicht auf der Bestimmung von
Grundwasserfliessgeschwindigkeiten, sondern auf der Beurteilung verschiedener hydro-
geologischer Kriterien beruht, die den Schutz des Grundwassers fiir die verschiedenen
Teilgebiete des Einzugsgebiets einer Fassung kennzeichnen. Die Grundwasserschutz-
zonen werden also aufgrund der Vulnerabilitit (Empfindlichkeit in Bezug auf eine Ver-
schmutzung des Trinkwassers) ausgeschieden.

Dicse Methode wurde im Auftrag des Bundesamtes fiir Umwelt, Wald und Landschaft
(BUWAL) und der Landeshydrologie und -geologic (LHG) durch das "Centre d’hydro-
géologie” an der Universitit von Neuenburg entwickelt. Eine Arbeitsgruppe, bestehend
aus Mitgliedern der Schweizerischen Gesellschaft fitr Hydrogeologie, in Zusammenar-
beit mit der Abteilung Gewisserschutz und Fischerei des BUWAL und der LHG, be-
gleitete das Projekt. '

8. ' Groundwater Vulnerability Mapping in Karstic Regions (EPIK)



SUMMARY

Groundwater produced from karstic aquifers plays a vital role in providing potable water
for large parts of Switzerland. In order to apply the federal water protection law 814.20,
- studies to improve groundwater protection in karstic areas have been carried out. It is
acknowledged that, amongst other things, current groundwater protection zones in karstic
areas frequently Tack a hydrogeological basis, and for that reason, often have a limited
effect. Under these conditions, it is not unusual for groundwater pollution to occur. In
order to remedy this situation, the Swiss Agency for the Environment, Forests and
Landscape (SAEFL), in collaboration with the Swiss National Hydrological and
Geological Survey (SNHGS), has initiated investigations for a new approach to ground-
water source protection area delineation that incorporates the most recent conceptual
models of groundwater flow in karstic aquifers. This approach needs to provide protec-
tion zones that have a hydrogeological basis, which are based on scientifically credible
parameters. These protection zones must satisfy the aims of a groundwater protection
strategy concerning land use activities.

Given the above requlrements, a new method called EPIK has been developed by the
Centre of Hydrogeology of the University of Neuchétel, Switzerland. It employs an
evaluation of ground conditions and field mapping to assess the groundwater vulnerabil-
ity of catchment areas. Groundwater vulnerability is defined here as an intrinsic property
of aquifers which expresses their sensitivity to natural and human impacts. The method is
based on objective geological, geomorphological and hydrogeological factors. Morcover,
it is independent of current or futuré; land use activities and of economic considerations.

EPIK. is a multiparameter-based method. It is based on a groundwater vulnerability map
of a spring or a borehole catchment area and takes the following four objective
parameters into account: Epikarstic development ("E", the subsurface zone adjacent to
the surface which is intensively karstified and has a very high permeability), protective
cover properties ("P"), infiltration conditions ("I"), which can be focused or diffuse, and
the development of a karstic network ("K"). These parameters are necessary and
sufficient to define groundwatet vulnerability. ‘

After the zone of contribution of a spring or borehole supply has been delineated, the
EPIK method is implemented in three stages:

(a) Sem1-quant1tat1ve cvaluation and field mapping of the four parameters mentioned.

{b) Calculation of a protection index by combining and weighting the values of the four
parameters for each unit area in the catchment.

(c) Cartographic representation of the distribution of the protection index for the entire
catchment; thanks to an equivalence relationship between this index and the groundwater -
protection zones, the resulting map allows the protection zones (S1, $2 and S3) to be
defined accurately according to the Swiss water protection legislation.

The EPIK method was tested and adjusted at a number of sites in Switzerland (St. Imier,
Bure, St. Gingolph, and Lenk) that have different geological settings- and where ground-
water contamination problems due to agriculture regularly occur..

Application of the method in two of these test sites, one in the Folded Jura Mountains
and the other in the Helvetic Alps are presented m this report. The examples demonstrate
the feasibility and the use of this novel approach. Karstic aquifer contamination does not
occur by chance. Protection zones that are delineated with appropriate consideration

Groundwater Vulnerabil ity Mapping in Karstic Regions (EPIK) 9



given to karstic hydrogeological characteristics combined with appropriate protective
measures can reduce the risk of contamination considerably. The EPIK method, based on
specific hydrogeological parameters must allow for better protection of drinking water
produced from springs and wells in karstic environments. The SAEFL has incorporated
the results of these studies in its new water protection ordinance of October 28, 1998
(814.201).

10 ‘ Groundwater Vulnerability Mapping in Karstic Regions (EPIK)



RESUME ETENDU

Les eaux souterraines provenant des aquiféres karstiques jouent, pour de larges régions
de Suisse, un role décisif dans ’approvisionnement en eau potable. Afin de faciliter
1’application de la loi fédérale sur la protection des eaux de 1991 (RS 814.20), des ¢tudes
destinées 2 améliorer la protection des eaux souterraines dans les régions karstiques ont
. été réalisées. On constate, entre autres, que les zones de protection établies en régions
karstiques manquent, fréquemment, de fondement hydrogéologique et, pour cette raison,
montrent souvent une efficacité limitée. Dans ces conditions, il n’est pas rare que des
pollutions se produisent. Pour remédier & cette situation, 1'Office fédéral de
T’environnement, des foréts et du paysage (OFEFP), en collaboration avec le Service
hydrologique et géologique national, a cherché une nouvelle approche de la délimitation
des zones de protection dans les régions karstiques, qui tienne compte des connaissances
" les plus récentes relatives au modéle conceptuel de [’écoulement des eaux souterraines
dans les aquiféres karstiques, et qui conduise 4 des zones de protection fondées au point
de vue hydrogéologique et ¢tablies selon des critéres rigoureux. De telles zones de pro-
tection sont alors 4 méme de satisfaire aux buts d’une stratégie de protection des eaux
souterraines agissant sur [utilisation du territoire.

Ainsi, une nouvelle méthode, appelée "EPIK®, a été développée par le Centre
d’hydrogéologie de 1'Université de Neuchdtel. Elle est basée sur I’évaluation et le lever-
cartographique de la vulnérabilité du bassin d’alimentation des captages. La vulnérabi-
lité est définie, ici, comme une propriété intrinséque des aquiféres, qui exprime la sensi-
bilité de ces derniers aux impacts naturels et anthropogénes. La méthode se veut rigou-
reuse; elle est basée sur des critéres géologiques, géomorphologiques et hydrogéologi-
ques. De plus, elle est indépendante de I’occupation du sol actuelle ou future et des con-
sidérations économiques. - '

La méthode EPIK est une méthode multicritére 4 indices. Elle repose sur une carte de la
vulnérabilité du bassin d’alimentation d'une source ou d'un puits de captage donhé, qui
prend en compte les quatre critéres objectifs suivants: développement de I'épikarst ("E",
un domaine du sous-sol voisin de la surface du terrain, intensément karstifi¢ et de
perméabilité trés élevée), propriétés de la couverture protectrice ("P"), conditions
d'infiltration ("I", infiltration diffuse ou ponctuelle) et développement du réscau karstique
("K™). Ces critéres sont nécessaires et suffisants pour définir la vulnérabilité.

Aprés la délimitation du bassin d’alimentation de la source ou du captage étudié, la
méthode se déroule en trois étapes:

a) évaluation semi-quantitative ct lever cartographique de chacun des quétre critéres
mentionnés; :

b) calcul de la valeur d’un "facteur de protection”, par combinaison et pondératioﬁ de la
valeur des quatre critéres, pour chaque surface unitaire du bassin d’alimentation;

c) représentation cartographique de la répartition du facteur de protection pour
I’ensemble du bassin d’alimentation; grice & une relation d’équivalence entre ce fac-
teur et les zones de protection, la carte obtenue permet de délimiter de maniére rigou-

reuse les zones définies par la 1égislation suisse en matiére de protection des eaux (S1,
S2 et S3). - ' -

La méthode EPIK a fait ’objet de tests et d’ajustements sur plusieurs sites en Suisse (St-
Imier, Bure, St-Gingolph et La Lenk), dans différents contextes géologiques, ou des
problémes de contamination des sources dus & I’agriculture se posent réguliérement.

Groundwater Vulnerability Mapping in Karstic Regions (EPIK) ' 11



L’utilisation de la méthode dans le cas de deux de ces zones tests, dans le Jura plissé et
dans les Alpes helvétiques, est présentée dans ce rapport. Les exemples d’application ont
démontré la faisabilité et 1'intérét de ceite nouvelle approche. La contamination des
aquiféres karstiques n’est pas une fatalité. Des zones de protection délimitées en adé-
_ quation avec le fonctionnement hydrogéologique du karst, combinées avec leurs mesures

de protection respectives, peuvent a 1’évidence réduire considérablement les risques de
pollution. La méthode EPIK, basée sur des critéres hydrogéologiques spécifiques, doit
permettre une meilleure protection des sources et captages en milieu karstique. L’OFEFP
-a tenu compte du résultat de ces études dans la nouvelle ordonnance sur la protection des
eaux du 28 octobre 1998 (RS 814.201). .
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1 INTRODUCTION

Karstic groundwater resources are important potable water supplies for several Swiss
regions such as the Jura Mountains, the northern part of the Alps and some regions in the -
southeast of the country (in the Austro-alpine domain). Agricultural and forestal activi-
ties are common in these regions; industry and tourism also often play an important role
in regional economic development. From a water quality perspective, Swiss karstic
aquifers generally do not pose major problems; often simple water treatment processes
(such as flocculation, sedimentation, filtration and/or disinfection) are sufficient for
drinking water supply. However, water quality can be altered following high discharge
periods by an increase in turbidity or organic matter content. Furthermore karstic
groundwater is often sensitive to human impacts and consequently, can be generally con-
sidered vulnerable. ' :

This vulnerability can be mainly explained as a résult of the highly heterogeneous strue-
ture of karstic systems, which on the one hand have diffuse and focused recharge, and on
the other have very high permeabilities in subsurface conduits and a low permeability in
the blocks of unkarstified rock. This double duality manifests itself in characteristic
hydrodynamic behaviour; high discharges due to concentrated infiltration in highly per-
meable zones occur rapidly. Filtration and natural purification processes do not have
time to have an effect, as in primary porosity aquifers. Given their specific behaviour,
karstic aquifers require particular protection measures. :

Article 20 of the Swiss Federal Law on the Protection of Water (Water Protection Law)
of January 24, 1991 (814.20) requires the determination of groundwater protection zones
for all public groundwater catchments (springs and wells), as well as artificial recharge
facilities of public interest. The most important restrictions in these zones are limitations
on industrial development and a ban on extractive activities. Application of the law is the
responsibility of the cantons, based on federal ordinances. The Water Protection
Ordinance of October 28, 1998 (814.201) advocates three protection zones. These zones,
called S1, S2 and 83 come with rules relating to land use.

Groundwater protection zones must guarantee the p_reve_ntion objectives (see the boxed
text).

Protection zones established in —
karstic regions frequently lack a {7
hydrogeological basis. Notably,
the necessary objective factors for
delineation of Zones S2 and S3
~are lacking. For this reason, pro-
tection zones in karstic areas often | §2;
have limited efficiency. Since the |
publication of a practical guide for
‘the determination of water i
protection areas and groundwater |
protection zones (OFPE — Office
fédéral de la protection de ’envi- ! 83 7
ronnement 1982), knowledge of itin
the hydraulic behaviour of karst }!
has evolved significantly. '
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Consequently, it was necessary to develop a new approach to improve the means of pre-
venting contamination. Groundwater vulnerability mapping methods in karstic environ-
ments based on different scientific parameters concerning specific system behaviour
must meet this objective. Methods need to be rigorous, i.e. based on geological, geomor-
phological and hydrogeological principles. In addition they need to be independent of
current or future land use and economic considerations. In particular cases, notably de-
lineation in non-karstic subcatchments and urbamsed areas, the method must be apphed
* with caution.

2 SOURCE VULNERABILITY IN KARSTIC ENVIRONMENTS

Karstic Pmcesses

Particular geomorphological features 5_3
and hydrological phenomena charac-
terise karstic aquifers. Geomorpholo-
gical features include sizeable springs,
swallow holes, the absence of surface
drainage networks and the presence of |
karstic drainage networks .due to the i
dissolution of carbonate rocks. Hydro-
logical features include spring hydrog- |
raphs that have peaky discharge, fast | *°
recession and low base flow rates, |
Water quality reflects chemical varia-
tions as a function of groundwater
discharge rates.

Based on these characteristics, a kar-
' stic aquifer can be defined as follows S R B B
(Jeannin et al. 1993): An aquifer consisting of a network of interconnected conduits (a
karstic network) flowing fo discharge zones and draining, or being supplied by water
Sfrom low permeability fissured and fractured rock.

Basin scale flow balance studies in the karst of the Swiss Jura Mountains have shown
that between 50% and 75% of effective rainfall recharges groundwater by rapid drainage
conduits, the remaining 25% to 50% infiltrates directly into lower permeability blocks
which provide spring baseflow during dry periods (Jeannin & Grasso 1995). Rapid
infiltration does not flow through low permeability blocks but rather through focussed
infiltration points such as swallow holes that connect directly to the karstic network as
well as the epikarst.
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Consequences of Karstic Processes for Groundwater Vulnerability

The schematic representatlon of a karstlc aquifer shown n thure 1 corresponds to a
coherent conceptual model of hydrodynamic behaviour and transport processes in karstic
media. Karstic groundwater Vulnerablllty is based on this model.

In terms of baseflow, water flowing through low permeability blocks provides the main
contribution to spring discharge. This water spends a relatively long time in the aquifer
and flows mainly through lower permeability zones. In periods of high water-level, more
than half the infiltrating rainfall resulting from a precipitation event flows rapidly
through the aquifer via the main conduits. Filtration processes have a limited influence at
this time but dilution potential for contaminants is generally high. Groundwater
vulnerability therefore depends on aquifer infiltration conditions, as well as on the spatial
distribution of hydraulic conductivity and storage coefficients (the range of physical
parameters) which play a primary role in flow and transport processes.

The spatial distribution of aquifer parameters and their influence on source valnerability

“are linked to two main parameters in the field: the karstic network and the epikarst.
Karstic networks have complex geometries because of the numerous possible influences
on the three dimensional formation of the aquifer. They may be more or less developed
and subdivided as a result of their geological, hydrogeologlca] chemical, physical and
biological history.

Doline

Unsaturaied zone

Soil’
Epikarst b _
Saturated zone
Spring Low permeability layer

Rapid flow
-—

Slow flow

Figure 1. Schematic representation of the hydrological processes oper atmg in a karstic
aquifer.

Wells and springs in karstic media are, in principle, very vulnerable if there is a well de-
veloped karst network and epikarst which are directly linked to them (Figure 2c}. Wells
and springs are less vulnerable if the epikarst is not directly linked to the karstic network;
in general the source is less vulnerable if the aquifer contains neither a karstic network
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nor epikarst (it may then be regarded as a fissured non-karstic aquifer). Consequently, it
is obvious. that protection zone delineation in karstic media cannot be completed based
on a single criterion. In fact the implementation and use of a mulfiparameter-based
method, which accounts for karstic processes is essential.

Swaliow hole

Soil
Epikarst

Karstic spring '

Unsaturated zane

Saturated zene
with karstic netwaork

Figure 2a,b,c. Some examples of combinations of the main vulnerability factors in a
karst aquifer. :

The Role of Protective Cover and Infiltration Conditions

Aquifer cover is one of the natural profection parameters generally accounted for in vul-
nerability mapping. It is routinely considered to have an important attenuating influence -
(Zaporozec 1985) depending mainly on the following parameters: thickness, tex-
ture/structure, organic matter and clay mineral content, cation exchange capacity, water
“content and hydraulic conductivity. ' ' '

Infiltration conditions determine the means by which aquifer recharge occurs. They can
be concentrated, intermediate or diffuse. In the former two cases it is defined by the sur-
face runoff properties (slope, runoff coefficient) and by the presence of preferential infil-
tration zones. Infiltration conditions can influence karst water source vulnerability in
three ways: : ' '

(a) Concentrated infiltration -of precipitation in swallow holes and their supplying
streams. Concentrated surface water infiltration represents very high vulnerability loca-
tions for the entire water course catchment up to the point of infiltration (Figure 2a).

16 . : Groundwater Vulnerability Mapping in Karstic Regions (EPIK)
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(b) Infiltration through residual cover (buried karst). The vulnerability of these areas
depends essentially on the protective cover permeability and thickness and thus its filtra-
tion capacity (Figure 2b). It is noteworthy that permeability will vary as a function of
water content.

(¢c) Diffuse infiltration over the whole area (exposed karst). Vulnerability will
essentially depend on the travel time for water to reach the karstic network either via
epikarst or through low permeability blocks (Figure 2¢). -

Epikarst Characteristics

Epikarst, also known as the “subcutaneous zone” is a high permeability zone found in
the top metres of limestone directly below the soil cover. The zone is fractured due to
the relaxation of tectonic constraints linked to its emplacement. It therefore favours
alteration (Dodge 1982) and karstification processes. Epikarst generally has a thickness
of between 0.5 and 2 metres (Bonacci 1987), but can be up to between 5 and 10 metres
thick (Figure 3 and Doerﬂ1ger 1996a). The epikarst may contain 'a temporary perched
aquifer at its base (Mangin 1975)
where its hydraulic conductivity 1is
significantly greater than the underly-
ing strata. This allows stored water to
percolate along fissures or to drain
rapidly through vertical conduits (Ford
& Williams 1989; Klimchouck 1995).
Water flowing in the epikarst zone
possesses a predominantly horizontal
component (water flowing through
fractures toward vertical conduits) and
a less significant vertical component
corresponding to slow seepage in fis-
sures and flow in conduits (Figure 4).

Figure 3. Epikarst (lower limit not visible) in the Epikarst is found in bOt}_] buried and
‘| Portlandian limestone; Breuleux Quarry. ; exposed karst areas and is not neces-

sarily laterally extensive. According to
the doline formation hypotheses, e.g.
the solution doline hypothesis (Williams 1983), epikarst can exist under soil cover with-
out any morphologlcal expression (Figure ).

(photo: Natalie Doerfliger)
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Sail
Epikarst (high permeability)

_Water saturated zone in the
lower part of the epikarst

__Water saturated zone .
of the karstic aquifer
{Conduits and low
permeability blocks)

<«<——— Rapid fiow Saturated karstic conduits

resnssnrners SloOw flow - . M Condui_ts within the epikarst

Figure 4. Schematic representation of epikarstic. hydrolog:cal processes (Jeannin 1 996,
after Smart and Frederich 1986).

Rock/soil data

‘Sail _

Enlarged fissures allowing
rapid infiltration

Sub-cutaneous zone of water i |

storage ' | [ v V Vv

Capilliary barrier preventing
rapid percolation

Decréase in permeability [ I
with depth

Fl i
ow data _ Exposed Karst

Infiltration controllad by soil

Sub-cutaneous piezometric
surface

Direction of water flow

I

Slow percolation
in small fissures

Rapid percolation
in enlarged joints

Figure 5. Subcutaneous storage, lateral flow toward high hydraulic conductivity zones
and the resulting development of a solution doline (Williams 1983).
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3 THE MULTIPARAMETER METHOD - EPIK

Principles and Approach

The new method proposed to evaluate vulnerability mapping in karstic environments is a

multiparameter method called EPIK, which accounts for four parameters: Epikarst,
Protective cover, Infiltration conditions and the degree of Karstic network development

(Doerfliger 1996a). These parameters correspond to specific aspects of the flow regime

within a karstic aquifer, as already described. The method allows the sensitivity of a kar- -
stic aquifer to natural and human influences to be determined in a general and effective

manner.

Once the extent of a groundwater catchment area has been determined, the method is
- implemented in three stages:

(1) Semiquantitative evaluation and mapping of each of the four parameters — epi-
karst, protective cover, infiltration conditions and karstic network development — for
' |every unit area within the catchment, after discretisation into elemental areas (ideally
" |into a grid containing squares with 20 metre long sides). During this evaluation, each
parameter is assigned a range of categories, ranging from one to four. This semiquanti-}.
tative evaluation of E, P, I and K is carried out with the help of a number of direct and
indirect investigation methods, and may be applied globally or locally. These methods
include tracer tests, geophysics, geomorphological studies, flow hydrograph analysis,
laerial photograph interpretation and drilling/excavation using a hand held soil corer or
a mechanical excavator. ' '

U

(2) Calculation of the F protection index for every point in the catchment, by assign-
ing a category value to each parameter, weighting the parameter according to its pro-
tective role and summing the values obtained. The maps of the four parameters are|
subsequently superimposed to provide a cartographic representation of the F index for
the entire catchment. Depending on the circumstances, this stage can normally be
easily carried out using a geographic information system (GIS; the Windows PC
version of the IDRISI GIS was applied during the development of the EPII method).

Y

(3) Delineation of protection zones: Because of the equivalence relationship between
the F index and the protection zones, the F protection index map can effectively be
transformed into a map of S1, §2 and 83 protection zones.

When the method was being developed, the values, the weighting factors and the
equivalence relationship between steps two and three above were adjusted and verified at
four different representative sites in various geological settings (the Folded Jura Moun-
tains, the Tabular Jura Mountains, the Median Prealps and the Helvetic Alps).
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3.1 Evaluation of the E, P, I and K Parameters

Epikarst characterisation is based on the study of karstic landforms, The previous chapter
conceming epikarstic processes illustrates the difficulty in characterising epikarstic zones
in terms of their development and connection to karstic networks. This is particularly
difficult given that there is no specific model available to identify covered epikarst in the
field, even with currently available geophysical methods. The E parameter is subdivided
into three categories that 1ndlcate decreasmg vulnerablhty '

e Category I (E,) indicates the
most vulnerable situation. It is
associated with swallow holes
and depressions with water in-
takes, and includes dolines, kar-
ren fields, ruine-like relief and
intensely  fractured  outcrops
(Figure 6). The outcrops may
correspond, for example to cuts
in the land along lines of com-
munication (roads, railways) or
to quarries.

o Category 2 (E,} incorporates
intermediate zones in the doline
fields and dry valleys.

e Category 3 (E,) incorporates the
rest of the catchment lacking the
morphological features already
mentioned.

The classification (evaluation) of E

into three categories, E, through E,,

is mainly determined by mapping

geomorphological features. Most of
the information required to make
this determination may be derived

from topographic maps at scales of
1:5,000, 1:10,000 and even 1:25,000. Aemal photographs can also be used and serve as a

source of complementary information. Field verification at the time that the other

parameters are being mapped is also recommended.

Figure 6. Fraciure traversing karren fields (limesto-
ne pavement) of the Sieben Hengste Massif, Berne,
Swirzerland. (photo V. Puech)
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- in a square with sides of 100 m to

P Protective Cover

The term protective cover includes the soil (in a pedological sense) as well as other geo-
logical formations which may overlie a karstic aquifer, such as Quaternary deposits .
(moraine, silt, loess and scree) or pre-Quaternary non-karstic formations (clays,
sandstones, marls) (Doerfliger 1996a).

Pedological parameters vary spatially and are not easily ascertained, apart from soils

- maps where available; moreover the terminology used by soil scientists is not based on
parameters which define the protective function of the soil, such as texture, organic
matter content or hydraulic conductivity.

For financial reasons, it is not possible to map these parameters individually within the
scope of protection zone delineation. Consequently, at the time of intrinsic vulnerability
evaluation, only protective cover thickness was considered (Doerﬂiger & Tache 1995,
Doerfliger 1996a).

Areas of a catchment containing protective cover can be identified and separated from
the areas lacking cover using existing information (geological maps and regional mono-
graphs). Aerial photographs and satellite imagery can also provide data on the presence
or absence of soil (depending on image resolution). They may be used to define cover
thickness, assuming that there will be field control.

Soil thickness. may be measured
directly in the field with a soil
corer (Figure 7). If the catchment
doesn’t cover a too large area, soil
thickness can be determined using
a regularly spaced sampling grid.
If the catchment covers a large
area (e.g. greater than 15 km”), the
grid spacing becomes larger and it
is necessary to apply the principle
of morphological equivalence: for
a particular point, the- measured
thickness is assigned to all points

200 m, should the areas have
- identical morphology. Excava-
tions such as drainage ditches can
also ‘provide important informa-
tion concerning cover thickness.

In order to classify P (Figure 8),
fwo cases are considered, accord-
ing to whether or not low hydrau-
lic conductivity geological forma-
tions occur below the soil:

Figure 7. Measurement of soil thickness using a
hand auger. {photo N. Doerfliger).
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(A) Soil directly overlying calcareous formations or on top of coarse, very permeable
detrital formations (e.g. scree or laleral moraine). ‘

* Category 1 (P;) represents a cover of 0-20 cm of soil.
 Category 2 (P2) represents a cover of 20-100 em of soil.

o Category 3 (P3) represents a cover of more than 100 cm of soil.

(B)  Soil overlying low permeability geological formations (with at least 20 cm of
lacustrine silt, clay or marl})

e Category 1 (P,) is omitted for low permeability formations that are less than 20cm
thick since the units are considered to provide very little protection. In this case, one
falls back on Case A.

e Category 2 (P, ) represents a combined soil/low permeébility geological formation
thickness from 20 to 100 cm. Soil is considered to have a better protective effect than
an equivalent thickness of a low permeability geological formation.

e Category 3 (P; ) represents a combined soil/low permeability geological formation
protective cover thickness of more than one metre. The soil may be absent; however,
a thin layer-of soil can provide important protection if underlying low permeability
formation cover is comparatively thin.

o Category 4 (P;) represents a cover of more than 8 metres of low permeability geo-

" logical formations (very silty or very clayey), or a soil of more than one metre on six '
or more metres of low permeability geological formations. Formation thickness is
determined from point data, for example from boreholes or holes drilled using a
power auger. '

Case A . CaseB ‘CaseA

1

P, . P, \ P, P, P, \ P, ‘le

oil
SOIH m Tatal>1m Soil = 1m

SUEE I_‘mr--—l\_R

=S |Y

7 | - , !
Limes(rones.ﬁxV \ leestoncs
N S : }
—_— VL B —
| \ AT

|

Total I m S0l 0.2 m

Figure 8. Hlustration of the different protective cover categories.
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Evaluation of infiltration conditions is based on the identification of zones of concen-
trated infiltration (swallow holes - Figure 9 - or beds of temporary or perennial
streams, artificially drained zones) and an assessment of diffuse infiltration areas. The
later are characterised by their runoff coefficient which depends on the slope of the
ground and land use. | : ' '

Based on a table of runoff coefficients as a function of slope and land use (forest,
pasture and arable land} established for Switzerland (Sautier 1984), the limit between
low and high runoff coefficients was set at 0.22 for pasture, and at 0.34 for arable fields
(the coefficient of 0.34 is representative of cultivated fields with furrows in the slope
direction). In order to assign categories (see below), these values were allowed to
correspond to slopes of 25% and 10% respectively (Doerfliger 1996a). The [ parameter -
is also differently assessed for the areas inside and outside the cafchment of swallow
holes and associated streams; on the outside of these catchments, the bases of slopes
act as surface water collectors.

The data necessary for charac-
terising infiltration conditions
are obtained by studying sur-
face water catchments of
swallow holes and their
streams  using  topographic
maps. The delineation of criti-
cal slopes and slope bases can
be carried out manually using
topographic maps. However, if
an altitude numerical model
(ANM) is available for the

study area, it is easier to deter- | © i e - :
mine these zones using a GIS. Figure 9. Disappearing stream in the Brevine Valley.|
{photo P.-Y. Jeannin)

This also represents a signifi-
cant time saving.

Four categories are distinguished in the characterisation of I, ranging from the most vul-
- nerable I, to the least vulnerable I,. Two cases, A and B, are considered which corre-
spond to the inside and outside of a stream catchment supplying a karstic swallow hole:

A) Inside the catchment of a swallow hole and its water course (Figure 10)

- » Category 1 (I ) represents perennial and temporary swallow holes as well as the
banks and bed of perennial and temporary streams recharging a swallow hole,
sinking streams and artificially drained parts of the catchment.

- » Category 2 (I, ) represents parts of the swallow hole catchment or water course re-
ferred to in I; which are not artificially drained, and with a high runoff coefficient,
that is, areas where the ground slope is greater than [0% for arable areas and greater”
than 25% for meadows and pastures. : '

s Category 3 (I3 ) represents parts of the swallow hole catchment or water course re-
ferred to in I; not artificially drained and with a low runoff coefficient, i.e. those
areas where the slope is less than 10% for arable zones and less than 25% for
meadows and pastures. '
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Catchment boundary of swaliow hole and
the water course supplying the swallow hole

Infiftration conditions - 14

Infiltration conditions - Ip

{Stope >10% for cultivated zones, -
and >25% for meadows and pastures)

Infiltration conditions - Tg

(Slape <10% for cultivated zones,
and <25% for meadows and pastures)

Figure 10 . Infiltration conditions inside the catchment (case A) of a Swallow hoie and
its supplying water course.

- B) Outside the swallow hole catchment and. water course (thure 11)

» Category 3 (I,) represents areas at the bases of slopes which collect surface runoff as
well as slopes recharging these low points (slopes with an elevated runoff coefficient,
that 1s greater than 10% for arable zones and greater than 25% for meadows and
pasture).

. Category 4 (1,) represents the rest of the catchment.

Base of slope

Figure 11. Infiltration conditions outside the catchment (case B} of a swallow hole and
its supplying water course (gentle slopes, steep slopes and the bases of slopes).
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Karstic Netwark

Vulnerability is evaluated in terms of the presence or absence of a karstic network and
the degree to which the network is developed. In order to determine the importance of
the network relative to the volume of surrounding low permeability rock (fissured or
massive) different indicators are considered. :

The first indicator is direct identification
of the components of the network such as
~caves, potholes (swallow holes), active
cave systems (Figure 12) in the
catchment being considered.. '

If no karstic network indicators are
apparent, one must resort to indirect
methods. These are based on - flow
hydrograph analysis, (racer tests in-
terpretation and examination of water
quality variability.

Figure 12. Active cave network, Métiers Cave,
NE. (photo P.-Y. Jeannin)

Flow hydrographs (Figure 13) allow the degree of karst aquifer development and aqui-
fer siructure to be interpreted. The reaction time of a source to rainfall events, as deter-
mined according to a hydrograph, is a significant indicator for characterising the degree
of karst network develop- -
ment. If one observes a rapid ¥ & : 5
recession, a significant flow 00 - ' -
rate (at least twice that of the
base flow) followed by a
rapid recession, one can sup-
pose that a karstic network is
present. By a rapid response,
one means, for example, a re-
sponse with a 6 to 12 hour
time lapse (according to the | ° !} P

size of the catchment basin) o ] ' enil b
after a_rainfa]l event Wlth an Sep Oc;(ggi‘:}ov Dec | Jan  Feb  Mar A;:rggi\:ay Jun Jul  Aug
. intensity of greater than 15
mm. This rule cannot always
be applied  if evapotranspi-
ration is important.

f=]

+
&=
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[ww] prepues ey
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;i Flow in the upstream part
i of the Milandrine [I/s]

Flow rate [ifs]

Figure 13. Flow hydrograph, Bure, Tabular Jura Moun-
tains (Jeannin & Grasso 1995).

The average travel time, as calculated by fracer tests, is an indicator which permits the
presence or absence of a karstic network to be established. A velocity of more than 15
m/h during low flow periods in sinking streams and greater than 75 m/h in hlgh ﬂow
periods allows the existence of a karstic network to be assumed.

Water quality variation at a spring is a good indicator of the presence or absence of a
karstic network. If the water quality is bacteriologically stable after heavy precipitation,
the karstic network is inferred to be either poorly developed or protected by a porous.
medium and the composite system may be regarded as a fissured rock system. Where
this is not the case, a karstic network may be assumed.
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- A final indicator is provided by the mimber of springs present in a karstic system. A
well-developed system will be characterised by the presence of a single discharge outlet,
whereas a poorly developed system will very often possess many springs. This concept is
based on the hypothesis that there is a karstic network hierarchy (Mangin 1975).

The K parameter is assigned to three categories, ranging from the most vulnerable to the |
least vulnerable. The categories are '

' Category 1 (K, ) for a moderate to well developed karstic network with decimetre to
metre wide conduits which have little blockage and that are well interconnected.
e Category 2 (K, ) for poorly developed karstic networks with blocked or poorly de-
veloped drains or conduits with decimetre or smaller diameters. ' '
e Category 3 (K; ) for systems where porous media play a role in filtration (the protec-
tive effect can be verified by on-going water quality monitoring) as well as for fis-
sured non-karstified limestone aquifers. '

The K parameter is generally applied globally for the entire catchment under study; how-
ever, it can be subdivided into areas based on to the degree of karstic development where
these can be characterised in more detail.

Without speleological information, the distinction between K, and K, is not often obvi-
ous. If one has at least an annual flow hydrograph available, it is possible to apply Man-
gins (1975) system for classifying karstic aquifers. This method is based on the aquifers
regulating capacity k and an infiltration parameter i. The k parameter is defined as the
relationship between the dynamic volume (calculated by integrating between the start of
“flow recession and infinity) and the total volume flowing in the average hydrological
cycle. The i parameter (see Figure 14 for definition) expresses the¢ importance of retar-
+ dation of infiltrating water arriving at the outflow. Mangin distinguishes five classes.
Classes I, II and ITI can be associated with the K, category, class IV with category K, and
class V with category K,. However, it must be noted that aquifer classification based on
recession curves is not always unequivocal; while the k parameter varies little from one
discharge to another, the i parameter depends strongly on the rainfall which generates the
discharge (Grasso and Jeannin 1994). The distinction between K, and K, according to
this method thus does not depend on the aquifer system -alone.

Classes I, IT and TIT correspond to K, class IV to K, and class V to K,

1.0 ey

Infiltration parameter i = value of the

function Y = (1-nt)/(1+et) for '

t =2 (2 days after the flood peak)

7 = 1/duration of the recession between the
peak and the start of the baseflow
(characterises the velocity of infiltration)

£ = heterogeneity index (characterises the
concavity of the recession curve) - 025

({see Grasso & Jeannin 1994)

1.0

Regulating capacity k = Vd/Vt Vd =maximum observed dynamic volume (baseflow integrated
. between the start of the flood recession and infinite time)
Vt = annual transit volume (total measured flow)

Figure 14. Classification of karstic aquifers (after Mangin 1975).
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Table 1 summarises the categories of the four EPIK. parameters. The evaluation of each‘
parameter is outlined. '

Karstic morphology
observed {pertaining to
epikarst)

Karstic morphology absent

Caves, swallow holes, dolines, karren fields, ruine-like relief, cuestas

Intermediate zones sitnated along doling alignments, uvalas, dry vallcys,
canyons, poljes i

The rest of the catchment

A. Soil resting directly on
limestone formations or on
detrital formations with very high
hydraulic conductivity*

B. Soil resting an > 20 cm of low
hydraulic conductivity geological
formations**

" | Protective cover absent

Protective cover important’

—

0 - 20 em of soil -

20 - 100 cm of soil 20 - 100 cm of soil and low hydraulic

conductivity formations

L)

> 1 m of s0il > 1 m of soil and low hydraulic

conductivity formations

o 0| |
]

£

- > 8 m of very low hydraulic
conductivity formations or

> 6 m of very low hydraulic

. conductivity formations with

> 1 m of soil {point mcasurements
necessary}

Concentrated infiltration

Diffuse infiltration

Perennial or temporary swallow hole - banks and bed of temporary or
permanent stream supplying swallow hole, infiltrating surficial flow - areas
of the water course catchment containing artificial drainage ‘

'Areas of a water course catchment which are not artificially drained and

where the slope is greater than 10% for ploughed (cultivated) areas and
greater than 25% for meadows and pastures

Areas of a water course catchment which are not artificially drained and
where the slope is less than 10% for ploughed: (cultivated) areas and less
than 25% for meadows and pastures, '

Cutside the catchment of a surface watercourse: bases of slopes and steep

slopes {greater than 10% for ploughed (cultivated) areas and greater than
25% for mecadows and pastures) where runoff water infitirates '

The rest of the catchment

Well developed karstic
network

Well developed karstic network with decimetre to metre sized conduits
with little fill and well interconnected

|| Poorly devetoped karstic
network

Poorly developed karstic network with poorly interconnected or infilled
drains or conduits, or conduits of decimetre or smaller size | '

Mixed or fissured ai]uifer

Porous media discharge zone with a possible protective influence
fissured non-karstic aquifer

* Examples: Scree, lateral glacial moraine.

** Examples; silts, clays,
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3.2 Calculation of the F Protection Index

The four parameters categorised previously allow a protection index value, F to be cal-
culated for all parts of the catchment. The calculation is carried out as follows:

F=aE+BP,+y],+3K, ' )
Where F = Prote_ction index -

o, B, v, 6 = Weighting coefficients of each parameter
" E,P; I, K, = Categories of each parameter

12 ]

Assignment of Category Values

In order to define the category. values in equation 1, dlfferent aspects have been taken
into account, for example:

- A dohne with a thick soil cover (E, + P,) represents a more vulnerable situation than a
slab of compact (massive) limestone overlain by a thin soil cover (E, + P,).

- A stream flowing to a swallow hole (I,) represents a very vulnerable situation, inde-
pendent of the protective cover.

- A dry valley (E,) represents a situation that is as vulnerable as the base of a slope that
~ acts as a collector for surface runoff (T,).

The category values used to calculate the protection index are shown in Table 2.

El E; E3 P . P, P, P, L L 1 1 I, K, K, K

13| a v 23] al1 2|3 ]a]1]2]3
Note that the lowest value represents the most vulnerable situation. '

Weighting Coefficients

The E (epikarst) and I (infiltration conditions) parameters are considered the most im-
portant; they make up the main contribution to the F protection index and have an ele-
~ vated coefficient (o and ¥ =3). The P pa-
| rameter (protective cover) has a lesser
influence on the protection index and a

lower weighting coefficient (f=1). The K

Parameter E| P I K | parameter (karstic network development)

Weighting « B v | & | has an intermediate weight (5=2). Table 3

coefficient ‘ shows the weighting coefficients for E, P, I
Relative wei ght 3 1 3 2 | and K parameters.

28 ' : Groundwater Vulnerability Mapping in Karstic Regions (EPIK)



Protection Index

The different possible solutions to equation 1 provide values ranging between 9 and 34
for the F protection index. By knowing the protection index F for all parts of the catch-
ment, it is possible to represent this index in map form. A high protection index repre-
sents high protection. Table 4 shows the different F values and groups them into three
classes as a function of their connection with protection zones S1 through 83 (see the
following paragraph). Situations which cannot be encountered in the ficld are placed
into an additional category. They correspond to a combination of I} + E; + P34 (a -
swallow hole in a doline with a thick soil cover).

an'-e,xistent situation in the field

Protection index values corresponding to S1 protection zone’

Protection index values corresponding to 82 protection zone

| Protection index values corresponding to S3 protection zone

Conditions that are applicable to the rest of the catchment
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-Groupings of P, and E, are rare or difficult to detect. Those of E, and I, (karren
fields/cuesta outside the catchment of a swallow hole or small stream) are unusual.
Nonetheless they represent 10% of the mapped area in the Lenk case study (Chapter
4.2). The most common groupings are those of E, or E, with L, I, or L. At the Lenk site
(Chapter 4.2) combinations of E, with P, or P, and I, or I, represent 82% of the area
“mapped. In the case of the St. Imier study area (see Chapter 4.1) the groupings of E, or
E, with I, or I, and P, or P, represent the vast majority of the area mapped.

33 _ Protection Zone Delineation

The equivalency between the F index and the protection zones was the subject of an .
intensive study at the time that the method was developed and at the test sites previously
mentioned. The issues that have determined the equivalency between the Findex and S
protection zones are mainly as follows:

* Swallow holes and, where applicable, supplying streams (I;) should be classified as
S1.

» Dolines, karren fields and cuestas (E1) should generally be mapped as 1, but where
there is thick soil cover and if they are outside the catchment of a swallow hole, they
should be mapped as $2.

 Areas classified as E; and I should be prcferentlally assigned to the $2 protection
ZOne.

» Dry valleys should, as a rule, be classified in zone S2.

» Areas with a protection index value that is greater than 25 should be classified in the
83 zone.

» Areas with a protection index value exceeding 25 and that have significant protective
cover (P4, verified by appropriate investigation methods) should be classified outside
the S protection zones (in the “rest of the catchment” category) so long as they
represent a significant area. : : '

- "At the time that the method was being developed, the application and comparison of
these parameters to different examples showed that the limits of the F protection index
values were around 20 for the SI zone (F ranging from 9 to 19 for a well developed -
~ karstic network, K, and 11 to 21 for a poorly developed karstic network, K,) and around
25 for the S2 zone (F ranging from 20 to 24 for K, and 22 to 26 for K.,). The F values for
53 ranged between 26 and 31 and those for the rest of the catchment between 26 and 34
(with the additional presence of P, and L, categories).

'~ For a strict definition of the method, see the fixed rclationship shown in Table 5. The
table also presents a ClaSSIfICdtIOIl of vulnerability terms (ranging from very high to
low). _
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Vulnerability : Protection index F Protection zoﬁe S

Very high - ‘ F from 9 to 19 7 51

High ' — F frorln‘ZO to 25 | — s2

Moderate F greater than 25 53

Low _ - |F .greater than 25 with theRest of the catchment area
presence of P4+(13,5) categories

34 Adjustment and Method Verification

The category values and weighting coefficients, as well as the limiting protection index
values, which reflect the equivalence with the protection zones, were established in an
experimental manner after a certain number of iterations and sensitivity tests. This was
carried out in the case study areas :
within the scope of the methods
development (Téache et al. 1996). The
study areas (Figure 15) are located in
the Folded Jura Mountains (St. Imier),
the Tabular Jura Mountains (Bure), the
Median Prealps (St. Gingolph) and the
Helvetic Alps (Lenk).

The results have been checked at the
different sites mentioned, partly by
means of tracer tests and detailed geo-
physical investigations of low vulner-
ability areas to highly vulnerable areas.
The objective of these checks was to _
verify that the chosen category values and the weighting values are adequately defined as
well as the limiting values for the equivalency relationship between the degree of
vulnerability and the protection zones. The results of these investigations have shown
that the proposed values are coherent and accurate. This system is generally applicable
to the conditions in the Jura Mountains, Prealps and Calcareous Alps in Switzerland.

CHYN {FY. 03.88

Figure 15. Location of EPIK method test sites.

~ In practice, it does not seem necessary to proceed systematically for each site by verify-
ing vulnerability using complementary methods such as geophysics and tracing tests.
However, should the protection index value appear inappropriate to a particular geologi-
cal or hydrogeological situation, the geologist/hydrogeologist may justify verification
investigations using, for example, tracing tests during periods of high and low ground-
water levels in a given area.
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4 EXAMPLES OF APPLICATION : 2 CASE STUDIES

The results of vulnerability mapping using the EPIK method at two sites, one in the
Folded Jura Mountains (St. Imier, BE) and the other in the Helvetic zone of the Alps
(Lenk, BE) are presented in the following sections as case studies of the methods appli-
cation.

These examples have shown the feasibility of such a method for delineating groundwater
protection zones in karstic environments. They give an idea of the spatial distribution of
different category values of the EPIK parameters, of groundwater vulnerability zones and
" of the resulting protection zones. The case studies equally illustrate the characterisation
methods used as well as the problems that may be encountered. The investment in work
time in the office and in the field is also discussed at the énd of the section. '

4.1 Example of the St. Imier Springs Catchment

Intreduction

The sources of La Raissette, La Grande Dou, La Petite Dou and Le Torrent are located in
the St. Imier valley (Bernese Jura Mountains), in an area owned by the Cormonet
commune. La Grand Dou spring is not exploited as a water source. The other three
-sources are exploited for different water supply networks in the St. Imier commune.

The catchment of the four springs is located in the cantons of Betne and Neuchatel and
covers an arca of approximately 120 km’. Only the 70 km® within the canton of Beme
were investigated in this study.

Geologically, the catchment is part of the Folded Jura Mountains (Figure 16). The
aquifer, with a thickness of 200 to 400 metres, consists of fissured and karstified Malm
limestones (from the Sequanian to the Portlandian). The Argovian marl (Lower Malm)
formation forms the aquifer base. Structurally, the springs catchment consists of the

_ northern limb of the Gurnigel - Chasseral anticline and the southern limb of the Monta-

gne Du Droit - Mont Soleil - Mont Crosin anticline. These two anticlines generally trend

" northeast-southwest.

The La Raissette, La Grande Dou, La Petit Dou and Le Torrent sources are springs situ-
ated at an altitude of 720 to 750 metres above mean sea level (Jickli AG & OEHE 1981).
Subartesian water upwells at low points where the Malm limestones are outcropping.

Protection zones developed in the 1980s for the northern part of the catchment (Schindler
1988) were delineated using the practical guidelines in use at the time (OFPE 1982). The
$3 zone established using this method covers almost all of the area. Only two areas of
approximately 0.04 km® around the springs correspond to the S1 and S2 zones. Despite
the establishment of these protection zones, agricultural pollution problems (from liquid
manure spreading) have appeared on average four times a year, at the time of snow melt
or shortly after intense summer storms.

In order to attempt to remedy th1s s1tuat10n the EPIK method was applied to this site.
The method needed to effectively delineate realistically sized protection zones that were
compatible with application regulations in force. :
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Forests e ' . ; — 208
Settlements )

Catchement

boundary | o6
Springs . )
Raissette 1 224
Torrent 2

Grande Dou 3 L 292
Petite Dou 4 574

Sonvilier

11
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Legend

| Cretaceous {marls M

[: Quatemary and limestones} Lower Matm (marly) )

@ Tertiary .. == Lower Malm and Dogger
Upper Malm (limestones}

~

Fault, thrus
& Springs (Raissette, Toment, Grande and Petite Dou) \ ault !

Figure 16. Location dnd geological cross sections across the St. Tmier Springs catch-
ment (BE).
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The catchment boundaries were delineated in cooperation with Geotest AG (Zollikofen)
based on relevant tracer test information, as well as existing hydrogeological reports and
protection zone delineation (Jackli AG & OEHE 1981, Schindler 1988). The bottom of
the valley (Figure 17) consists mainly of Tertiary and Quaternary deposits and does not
form part of the catchment. : ' '

Figure 17

- North easterly view of the
upstream part of the St
Imier Valley. The wooded
anticlines of Montagne du
Droit and Gurnigel stand
out on either side of the
valley.

(photo F. Pasquier)

In the case of St. Imier, it was decided at the start to classify all forest areas in the S2°
zone in order to avoid the effects of permanent woodpiles and concentrated pesticide use.
Thus the forested areas were not investigated during the vulnerability mapping. The areas
were subsequently reclassified from 52 to S3 since the forest owners showed that they
didn’t have permanent woodpiles and.the risk of groundwater contamination from
pesticides was thus minimal. : R '

E - Epikarst (Appendix 1)

For the St. Imier Springs catchment, the evaluation of the presence of epikarst and its
degree of development was carried out without much cost or detailed investigation,
mainly by using field observations (karstic landforms and outcrop mapping), geomor-
phological studiés and examining aerial photographs. The manually produced map was
scanned and discretised to a resolution of 10 metres. The same scale was used for the
discretisation of the P and I parameters.

P — Protective Cover (Appendix 2)

Protective cover in the study area mainly consists of soil. Only a few detrital Quaternary
deposits were noted. Evaluation of the P protective cover parameter is based mainly on
soil thickness determined using a manual soil corer (approximately 100 holes cored).
Although the EPIK method recommends that the limit between P, and P; be set at a
thickness of one metre, the limit was set at 0.5 m for this example since the method was
in the process of being developed.

I - Infiltration Conditions (Appendix 3)

This parameter was evaluated with the help of an altitude numerical model (ANM) and .
topographic maps. The entire catchment basin, apart from the forests, was simulated as

- meadows and pasture, which largely reflected the actual situation. Consequently, a slope

limit of 25% was used to characterise the I parameter.

The topographic catchment of swallow holes and their feeder streams were determined
using a GIS and an ANM with a grid of 50 m. A too high precision of the resulting maps
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should not be expected, even though they were elaborated at a resolution of 10 m, due to
practical reasons relating to handling GIS files. The results were compared to topo-
graphic maps, notably where the bases of slopes were concerned and certain anomalous
points deleted. One can conclude that it is dangerous to automatically create infiltration
maps using an ANM without verification in the field.

K - Karstic Network Development

Because of the lack of detailed information concerning flows and precipitation measure-

ments, it was impossible to carry out an accurate study of the correlation between rainfail

and flew for the springs under consideration. Consequently, Mangins method of karst

aquifer classification could not be applied. Direct signs. of a karstic network such as

caves and chasms were not observed. Furthermore, neither geophysical studies nor drill-

* ing data were available. No long-term records of the physical and chemical characteris-
tics of the water discharging from Le Torrent or La Raissette springs were avallable

T he K parameter was therefore evaluated globally for the entire catchment and was not
mapped. Hydrographs and tracer test analyses provided evidence for the karstic character
of groundwater flow. ‘

A flow hydrograph study was- carried out for La Raissette spring. It showed that its
reaction to rainfall resulted in very pointed flow peaks that did not last longer than 24
hours. The recession can exceed 24 hours. This spring thus clearly has a karstic flow
regime. -

Insufficient chemical and bacteriological water quality analyses were available for the
La Raissette spring to reach conclusions concerning the development of a karstic net-
work (monthly samples collected independently of hydrological conditions).

In the case of Le Torrent, La Grande Dou and La Petite Dou springs, the only factors
providing information on the karstic character and the degree of karstic network devel-
opment are tracer tests, along with flow and water quality analyses.

Some 18 fracer tests were carried out in the catchment of the St. Imier Springs between
1967 and 1994. Besides allowing the catchment to be delineated, certain tests provided
important data on the chara_cteliétics of the karstic flow regime. Given that the hydro-
logical conditions at the time of the tests were sometimes unknown or partially known,
the following remarks can be made: '

The maximum tracer velocity is high; it ranges between 17 and 76 m/hour in low to me-
dium water levels.

'The sharp peak in the breakthrough curves (not always fully present in the reports) shows
that the main part of the flow is probably along karstic drains. This is particularly well
illustrated in the breakthrough curves for the tests carried out at Les Combes (Convers
‘region) on 23.7.1985 (Gretillat 1986). :

Tracer test result analyses of the Dou and Torrent springs and flow hydrograph analysis

.(from La Raissette spring) confirm the karstic nature of groundwater flow toward the St.
Imier springs. Consequently, the entire catchment of these springs has been classified
into category K. : :
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The protectlon 1ndex obtained using the method described in Paragraph 3.2 is shown on
the vulnerability map in Fzgure 18. For improved legibility, an enlarged inset is
presented in Figure 19. It emerges from these figures that the swallow holes are the most
vulnerable with an F protection index of 9 out of a maximum of 29. The karren fields
located in the forest (remembering that only forested areas crossed by a cantonal road
were surveyed) also showed very high vulnerability (F = 15). The dolines have a
vulnerability which is high to very high (F = 16 to 20). The dry valleys are of high to
moderate vulnerability (F = 21 to 26), and were placed in the same category as zones at
the bases of slopes. Dry valleys and the bases of slopes are always less vulnerable than
dolines and karren fields. The high protection index values (F = 26 to 29) represent areas
with moderate vulnerability (in the absence of a P, category, one cannot talk of low
vulnerability).

Based on the vulnerability maps (Figure 18 and 19), protection zones were defined using
the equivalence relationship provided in Table 5. They are presented in Figure 21 and
Figure 20 (in detail). The figures show that swallow holes and supplying water courses
(with protection index values between 9 and 18), as well as dolines, karren fields and
cuestas (F ranging between 13 and 19) are mostly classified as S1. Dolines with thick
soil cover (P;) outside the zone of contribution of a swallow hole or stream (],} occur in
the S2 zone. Areas classified in E, and /or 1, categories mainly correspond to the S2
protection zone. With regard to low vulnerability areas, these generally have a good
protective cover, are located outside of concentrated infiltration zones or areas of marked
‘karstic morphology, and are logically found in the 83 zone. Due to the absence of a P,

category {more than 8m of low permeablhty formations) in the catchment, the S3 zone
extends to the catchment boundaries.

The S1 zone represents 1% of the mapped surface of the catchment (Bernese part, 67
km®). The 82 zone, except for the forested areas (32%, not mapped by the EPTK. method
see page 34) occupies some 18% and the S3 zone, 49%. '

Cenclusmns

Mapping the four categories has allowed the gmundwater vulnerability map shown in
Figure 18 to be produced. The F protection index varies between 9 and 29. Based on the
equivalence relationship provided in Table 5, a new delineation of the SI, §2 and S3
" zones could be established. It is shown in Figure 21. Compared to the existing protection
zones, the S1 and 82 protection zones obtained using. the EPIK method are clearly more
numerous and distributed across the whole catchment. They are however limited to sen-
sittve locations. They ought to allow the implementation of effective restrictions for
- groundwater protection, which take hydrogeological conditions into account in a manner
that does not unnecessarily restrict land use.
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catchment in the canton of Berne, The shading is black to very dark grey for F<2

grey 1o medium grey for F=20-25 and light grey to white for F>25.

0, dark

37

Groundwater Vulnerability Mapping in Karstic Regions (EPIK)



ST. IMIER SITE .
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Figure 19. A more detailed nﬁap of part of the St. Imier Springs catchment (BE). The
shading is black to very dark grey for F<20, dark grey to medium grey for F=20-25
and light grey to white for I'>25.
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Figure 20. Detail of the St. Imier Springs catchment (BE) protection zone map.
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4.2 Example of the Blatti Springs - Lenk Catchment

The Blattl Sprlngs (old and new, coordinates 599'935/141'240) pr0v1de water to the
commune of Lenk (canton of Berne). The old source (a natural spring) was used up until
1963, when a new source 10 metres deeper was exploited to ensure sufficient flow. The
catchment for both sources is situated in the Helvetic Alps at an altitude of 1200 to 3200
- metres above sea level. A typical part of this basin was analysed and is presented here as
an example. It is a high area situated between the northern slope of the Mittaghorn and
the Niesenhom on both sides of Lake Iffigen (Figure 22 and Figure 23).

Geologically, the catchment contains formations from the Wildhorn Helvetic Nappe
which form a series of ENE-WSW oriented folds (Wildberger 1981). The frontal part of
the helvetic nappe is enclosed in ultra-helvetic secondary folds giving rise to tectonic
windows such as that at,Schwand. Formations extend from the Malm (Quinten
Limestones) to the Paleocene (Globigerine Schists) and make up the Wildhorn Nappe in
the region studled :

Karstic flow occurs mainly in the Schrattenkalk Limestones (Urgonian), along the syncli-
nal axes. The Neocomian (Valanginian-Hauterivian) and Paleocene Limestones
(Hohgant Series sandstones and nummulitic limestones) as well as marl-rich Drusberg
Beds limestones are also karstified but to a lesser degree. The Globigerine Schists and
Ultrahelvetlc rocks (ﬂysch) are not or only very locally karstified (Wildberger 1984).

Wildbergers thesis on the kar-
stic hydrogeology of the Rawil
region as well as excavation
data for the Blatti Springs pro-
tection zones delineation (Kel- -
lerhals and Haefeli AG 1988) in
the  Schwand tectonic window
(anticline) provided very useful
information for the characteri-
sation of the different vulner-
ability factors.

Within the scope. of the E, P, |
and K parameters, the different
geological formations were not

, ‘ differentiated. - All outcropping
Figure 22. Iffighach Valley, view of Iffigliger looking| formations in the Wildhorn
southwest; the Schnidehorn can be seen at the base be-| Nappe (from the Hauterivian to
tween the slopes of the Mittagshorn and the Hohberg the Hohgant Series) were con-
(photo A. Wildberger) :

sidered in a global sense.

The 1:25,000 Lenk sheet of the Swiss Geological Atlas (Badoux et al. 1962) and the
. corresponding explanation (Badoux & Lombard 1962) as well as the hydrogeological
map of the Rawil region (Wildberger 1981) served as the basic documents for this study.
The field survey for the evaluation of the E, P and I parameters was carried out on a
- 1:10,000 base.
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Figure 23. Location and geological cross section of the Blatti Springs catchment, Lenk.
(BE). - | |
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E - Epikarst (Appendix 4)

The Epikarst parameter was evaluated for the Blatti Springs — Lenk using aerial photo-
‘graphs, a topographic map of the study area at a scale of 1:10,000 and field checking.

Limestone outcrops show signs of karstification (karren and enlarged fractures) and were
classified along with Lake Iffigen (Figure 24) as E,. The E, category was assigned only-
to a small depression with subcropping fractured rock, east of Lake Iffigen. The rest of
the study area was classified as category E,, which represents an absence of well defined
karstic morphology. The E, category zone covers the largest area.

Figure 24. Lake Iffigen, looking northwest. The karstic network and
epikarst are considered to be poorly developed. The protective cover
is thin except to the left on the terrace (Py) and on the lakeshore (Py).
(photo A. Wildberger) '

P — Protective Cover (dppendix 5)

The protective cover consists of a pedological soil (with a thickness of between 0 and 30
to 40 cm) and Quaternary deposits (moraine, scree), which can reach a thickness of more
~ than 2.5 m. This parameter was initially determined using aerial photographic observa-
tions, along with a geological map in conjunction with verification in the field and
coring. However, the corer was of little use in this type of cover where the soil rarely
‘exceeded 20 cm and heterogeneous morainic formations are difficult to penetrate.

The study region (Mittaghorn — Niesenhorn} is characterised over a large area by a thin
cover (P, and P,). The scree (talus) zones, which are considered here as slightly perme-
able were classified as category P, with a thickness easily exceeding one metre.- The
Sandboden area, consisting of Quaternary sediments several metres thick and with a low
hydraulic conductivity and frequently giving rise to temporary flooding, were assigned to
P,. :
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I - Infiltration Conditions (Appendix 6) -

Infiltration conditions were evaluated using a topographic map and some field checking,
Arcas with slopes greater than-25%, as well as the bases of slopes outside of swallow
hole catchments and their feeder streams were mapped manually using a 1:10,000 scale
base map. The areas covered by the bases of slopes occupied 50 metres on both sides of '
the slope delineation line which were greater than 10% and 25% depending on the .
vegetation (see Figure 11). An altitude based numerical model was not available for the
region. For a moderately sized area such as this, it is entirely feasible to do this work
manually and determine slopes and slope bases. Delineation of the bases of slopes using
a geographical information system 18 admittedly quick and places results directly on the
screen but also requires that the validity of results be checked in some areas.

The largest part of the study area was classified as category 1,. Three swallow holes as
well as the Lake Iffigen swallow holes are classified as I,. The areas characterised as I,
and I; were those containing temporary and permanent flowing water upstream and
downstream of Lake Iffigen.

K - Karstic Network Development (Appendix 7)

The Blatti Springs are located just downstream of the Schwand tectonic window. They
upwell from the Schrattenkalk through the Hohgant Series. The old source (in a small
cave set in well karstified nummulitic limestones) was used by the Lenk commune up
until 1963. Following some drought periods, an improvement in discharge rate was nec-
essary and a new source 10 metres below the natural discharge level of the old source
was developed. The mean annual flow rate varies between 6,000 1/min and 9,000 l/min.

The Blatti Springs form a discharge zone at the base of a complex karstic system in the
Iffigbach catchment (Wildhorn Nappe), the Felsen and Iffiglager Springs being overflow
springs from the upstream system. Two main parts of the system can be distinguished;
the downstream part with the Blatti Springs discharge zone, and the Hohberg anticlinal
‘techarge zone to the north. of the fault with the same name, and the upstream part com-
prising of the Felsen subcatchment and the Iffiglager Springs. This upstream part, con-
sisting of the Niesenthorn and Hahnenschritthom, lies mainly to the west and south west
of Lake Iffigen.

The Blatti Springs hydrographs (Nabholz and Hiberli 1972-1979) show that the two
sources react in a similar manner. The new source, located at a lower level, provides a
base flow with lower amplitude fluctuations. The old source emerges from a natural cave
that shows the presence of a well-developed karstic network. The groundwater velocities
noted in tracer tests carried out in swallow holes of Lake Iffigen reach approximately 100
metres per hour. These ve1001t1es reflect the presence of a well-developed karstic
network.

The upstream part of the catchment is drained by the Felsen and [ffigen overflow springs
that show characteristics typical of karstic springs draining a well-developed karstified
area. However, a portion of the infiltrating water in the upstream part (in the Hauterivian
and Urgonian limestones) flows directly toward the Blatti Springs (a hydraulic connec-
tion was identified using tracers tests, Wildberger 1981). In order to reach these springs,
flow must preferentially occur along tectonic thrusts and across low permeability forma-
tions such as the Drusberg Beds (marl-rich limestones) and the Hauterivian siliceous
limestones. These formations, having lower conductivities than those of the karstified
Urgonian limestones, can be assigned the K, category for the upstream part of the
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catchment and the K, category for the downstream parts, including the Hohberg anticline
located to the north of the fault of the same name (Doerfliger 1996b).

The vulnerability map (Figure 25) shows that the protection index varies from 11 to 32..
Apart from swallow holes, the largest areas with very high vulnerability (protection
index ranging from 14 to 18) are the karren fields located to the north and east of Lake
Iffigen. The large high vulnerability areas (protection index of 20) represent outcrops
" showing karstified features, accentuated fissuring and subject to diffuse infiltration con-
ditions (between Sandboden and Niesenhorn). The Hohberg fault sector is characterised
by a protection index of between 21 and 23 and represents a high vulnerability area. '

- The best-protected area is Sandboden, characterised by the P, category and a protection
index of 32. Some areas located in the south and south west of the mapped zone are also
well protected (F=31). .

" From the vulnerability map and the equivalence relationship of Table 5, the following
protection zones are obtained (Figure 26).

The S1 protection zones are concentrated in the northcastern part of the mapped- area.
They consist of Lake Iffigen with its swallow holes and karren field areas, the outcrops
located directly to the east and northeast of the lake as well as karren field areas on the
- Hohberg anticline to the north of the fault of the same name. It is notable the K, category
is assigned to this last section as it represents, due. to the position of the anticlinal lime-
stone beds, a preferential recharge zone to the aquifer that supplies the Blatti Springs.

The 82 protection zone essentially comprises of the catchment of the stream which flows
in the Hohbergtili, a ravine flanked by scree on the southern limb of the east-west ori-
ented Hohberg and located approximately 300 m to the north of the lake. This stream
flows over Quaternary deposits, into which it infiltrates. Re-emergences occur approxi-
mately 2 km downstream, which recharge the Iffigbach at the level of the Iffigenalp
(about 1 km downstream of the area mapped). The Iffigbach in turn infiltrates in the area
of the Blatti Springs and contributes less than 1% to the sources discharge. Because of
the heavy dilution of the Iffigbach waters with groundwater feeding the Blatti springs,
and considering the good bacteriological quality of the latter, it is perhaps overstating it

to wish to classify the Hohbergtili catchment in the S2 zone as proposed here. In such a - -

situation, the decision should be taken by a consensus between the authorities concerned
and the responsible geologist.

In the area assigned as category K, (southern part of the upper sub-catchment) the S2
zone occupies various small regions to the west of Lake Iffigen, characterised by catego-.
resE,, P and I, or I,
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Figure 25. Vu.lnerability map of the upper part of the Blatti Springs catchment, Lenk
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_The 83 zone extends to the limits of the catchment. Though characterised by the P4 cate-
gory and a minimal vulnerability, the Sandboden area has been included in the S3 zone
due to its small extent and its situation in the centre of the catchment.

Conclusions S
The Blatti Springs catchment is an alpine karstic basin (Figure 27). It possesses a com-
plex structure because of its complex tectonic setting; because of this, it was appropriate

to evaluate the K parameter in a different manner for the upper and lower parts of the
catchment. - ‘

In this alpine setting, the Quaternary formations act as a protective cover. The soils
themselves are thin and their protective role is not very important.

The surface water drainage network and the presence of porous aquifers overlying the
Kkarst are characteristic of this basin. The water in these aquifers seeps out diffusely in
the Lake Iffigen area, which itself possesses sinkholes in the karstic aquifer as well as in
the Iffigbach which infiltrates into the karstic aquifer close to the Blatti Springs.

The S1 protection zones are of relatively limited extent; they are related to morphologi-
cal features and can be easily protected ‘
by fencing. The S2 zones occupy around
20% of the mapped area. They corre-
spond to karren field areas, cuestas and
areas of non-existent cover or are char-
acterised by L, infiltration conditions
(stream caichments with steep slopes).

Figure 27. Lake Iffigen as seen from the but-
tresses of the Niesenhorn. Mittaghorn in the
centre. The head of the Iffighach valley at the
base, at left. (photo A. Wildberger)
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4.3 Financial Aspects

The two examples of the application of the EPIK method presented here have contributed
to the development of the feasibility of the method for source protection delineation in
karstified arcas. They also showed that it is possible in practice to delineate in 4
discriminatory way, on the basis of scientifically credible factors, groundwater protection
zones which are more or less sensitive to groundwater contamination.

Table 6 provides an estimate of the number of hours which were necessary to evaluate
the different parameters. Regional methods (desk studies of synoptic documents) are"
distinguished from records of local procedures (detailed studies, particularly in the field).
It is apparent that the larger the basin, the less number of hours will be required per km?
for the study (2.1 hours for St. Imier and 5.5 hours for Lenk). The data in Table 6 do not
account -for time spent in digitising and data processing with the help of GIS. In the case
of St. Imier (70 km?), this work (data processing, digitisation, assignment of weighting
coefficients, map production) required a further 6 days or 0.7 hours per km’. The Lenk
example (8 km?) required a minimum of 4 days or 4.2 hours per km®. It must be noted
~ that regardless of the area mapped, some days will be necessary for data and graphical
processing. : '

Parameter E _ | I K
Regional | Local’ Regional - | Local . Regional | Local Regional | Local
Sites methods | methods |{methods |methods |methods |methods |methods - | methods
St. Imier 0.4 0.1 01 0.7 . 0.1 0.5 0.15 0.05
Total 0.5 08 0.6 0.2
Lenk 05 3 - 1.0 05 - | o4 0.1
Total - 35 1.0 05 0.5 -

The number of hours indicated in Table 6 for carrying out protection zone delineation in
a catchment are representative if minimal geological and hydrogeological data are avail-
able. For the two examples dealt with here, protection zone delineation had already been
carried out. The delineation of the catchment boundary was carried out based on existing
geological and hydrogeological (iracer test) information, without which it would have
been necessary to carry out additional tracer tests. In both cases hydrographs of the
springs to be protected were available. On the other hand, neither soils maps nor drill-
ing/excavation data were available for either site.
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5 CONCLUSIONS AND PERSPECTIVES

The use of parameters accounting for the hydrogeological characteristics of karst, such as
epikarst, protective cover, infiltration conditions and the development of a karstic
-network allows vulnerability maps of water sources in karstic areas to be produced.-

These vulnerability maps provide a new base for developing protection zones in karstic
terrain. Examples of using the method for several test areas, two of which are presented
in this publication, clearly indicate the feasibility of this new approach. The test sites
were chosen in various karstic environments such as the Tabular Jura Mountains, Folded
Jura Mountains, the Prealps and the Alps. Results obtained to date indicate that the pro-
posed method is considered suitable for Swiss conditions. For the sake of transpar-
ency, it is recommended that the data used to calculate the E, P, I and K parameters
should be contained in any groundwater protection zone repart. The report has to be
established by a specialist (hydrogeologists).

The use of geographical information systems (G1S) in studying different test areas, such

as St. Imier, has allowed different quantitative aspects of the method to be refined, and '
the necessary sensitivity tests to be carried out. This tool has greatly simplified the

groundwater protection index map (vulnerability map) production. Even if the use of GIS

is not essential, it can nonetheless make work considerably easier, depending on the size

of the basin. '

Karstic aquifer contamination can be avoided. Adequately determined protection zones,
with consideration given to karst hydrogeological functions, together with respective
protection measures can considerably reduce pollution risks in karstic aquifers. In view
of the often local nature of contamination risks in a catchment (e.g. antomobile or train
traffic, quarries, spreading of manure, discharges from manure pits or silos, or from ga-
rages), the EPIK method based on specific hydrogeological factors can enable in the
future better protectmn of catchment 1nsta11at10ns in karstic areas.

Sibe Briinne Springs near Lenk, BE. (photo A. Wildberger)
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6 APPENDICES

| Appendlx I
| ‘Appendix 2
Appendix 3
- Appendix 4

Appendix 5

Appendix 6

- Appendix 7

Epikarst map — karstic morphology of the St Imier Sprmgs catchment -
part of the catchment in the canton of Beme. ‘

Protective cover map of the St. Imier Springs catchment - part of the
catchment in the canton of Berne.

Infiltration conditions map of the St. Tmier Springs catchment - part of the
catchment in the canton of Berne.

Epikarst map - karstic morphology - of the upper part of the Blatti Springs
catchment, Lenk, BE.

Protective cover map of the upper part of the Blatti Springs catchment, -
Lenk, BE.

Infiltration conditions map of the upper part of the Blatti Springs
catchment, Lenk, BE.

Karstic network development map of the upper part of the Blatti Springs |
catchment, Lenk, BE.
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LENK SITE (Lake Iffigen - Niesenhorn area)

‘Parameter E - Epikarst (Karstic morpholagy)

N
Lake Hfigen .
| wlk e
S

585 597 599

LENK SITE (Lake Iffigen - Miesenhorn area)

Parameter P - Protective Cover

o

Niesenhorg
Lake Migen

136

595 597 5G9
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LENK SITE (Lake lifigen - Niesenhorn area)

Parameter 1 - Infiltration Conditions
Q 2 km
1

138

Niesenhorn

Lake Iffigen
__ w -E

595 597 589

LENK SITE (Lake lffigen - Niesenhom afea)

Parameter K - Karstic Network Development
o) . 2 km

Lake Iffigen

595 : 597 ‘ 599
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ACSAD-BGR Technical Cooperation Project
Management, Protection and Sustainable Use of Groundwater and Soil Resources in the Arab Region
Volume 5 - Guideline for the Delineation of Groundwater Protection Zones

Part B Proposal for a National Guideline for the Delineation of
Groundwater Protection Zones

1 Significance for Groundwater Protection Measures

Clean drinking water plays a very important role in the health of a community.
Community access to clean drinking water can be improved by protecting drinking
water sources and managing them to avoid contamination. While groundwater is in
general more protected by nature from contamination than surface water, ground-
water resources can be extremely difficult to clean up once they become polluted.
This makes the protection of groundwater resources from initial contamination
extremely important. Groundwater has, under natural conditions, mostly no adverse
effects on human health and is therefore preferable as drinking water from any other
source. It is for this reason in the public interest to protect groundwater from
contamination or other interference to minimize public health risks and to conserve
this valuable natural resource.

Pathogenic microbiological constituents (such as bacteria, viruses, parasites and
worm eggs which cause water-borne diseases) frequently occur in areas with
insufficient sewage water treatment facilities in place. Water is monitored for such
components on a regular basis to avoid adverse health effects of the population, and
treatment facilities for pathogenic microbiological constituents nowadays are in place
at most water sources. The effectiveness of water treatment for such components,
however, highly depends on the presence of organic compounds and clay particles.
The treatment of water for components such as nitrate, organic chemicals, metals,
fertilizers, pesticides, etc. is very costly and also not always effective. Therefore the
prevention of the occurrence of such pollutants in a source water area plays a key
role in helping to protect the drinking water.

Groundwater protection zones are defined in order to prevent contamination by
substances and organisms hazardous to human health.

Groundwater protection can, however, only be effective if land use development and
land use planning take the needs for groundwater protection into consideration.
Therefore appropriate actions must be considered in the early planning stages of
groundwater development projects. For existing drinking water abstraction facilities
restrictions for human activities have to be defined in order to minimize health risks.
The allowance of activities in drinking water catchment areas has to be based on the
principle of prevention of groundwater contamination and avoidance of adverse
health effects.
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2 Legal Basis and Administrative Procedure

This guideline is based on the ... Law (year).

The establishment of groundwater protection zones is initiated in the public interest.
The costs for their establishment are covered by the Government (or the ... fund, or
the water agencies/companies).

The establishment of groundwater protection zones will be coordinated by the
Ministry of ... under the ... Law (year). The ordinance for the establishment of a
groundwater protection zone will be prepared by a Committee on Groundwater
Protection Zone Delineation comprised of members of
e The Ministry of Water (... representatives);
e The ... Authority (... representatives, Central Laboratory, Sewage Water
Directorate, Licensing Directorate);
e The Ministry of Environment (... representatives, Water Protection
Directorate);
e The Ministry of Agriculture (... representatives, Directorate for ... ),
e The Ministry of Municipal Affairs/Country Planning (... representatives,
Directorate for ...);
e The Ministry of Health (... representatives, Directorate for ...),
The Office of the Governor of the Province (... representatives, Planning
Directorate);
Stakeholder group for agriculture (... representatives);
Stakeholder group for industry (... representatives);
Stakeholder group of other relevant land uses (... representatives);

The Ministry of ... will establish a Program for the Delineation of Groundwater
Protection Zones in coordination with other involved ministries and institutions. This
program contains a ranking for the establishment based on the importance of the
groundwater resources to be protected.

The Ordinance on the Delineation of a Groundwater Protection Zone for a
groundwater well or spring consists of the following elements :

¢ A statement about the legal basis for the issuance of the ordinance;

e The hydrogeological study, defining the hydrogeological boundaries of the
groundwater protection zone;

e The administrative boundaries of the groundwater protection zone, defined
by the Committee on Groundwater Protection Zone Delineation, and to be
based on the hydrogeological study;

e A list of restrictions for activities and land uses in the different groundwater
protection zones, as defined by the Committee on Groundwater Protection
Zone Delineation (see chapter 4);
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e An inventory of all potential sources of contamination for the entire
groundwater protection zone (Annexes B-1, B-2, B-3 and B-4), to be
included in the hydrogeological study;

e An analysis of the susceptibility of the water supply source to those
contamination sources, to be included in the hydrogeological study,
including an evaluation of the degree of threat arising from each potential
pollution hazard,;

e A surveillance and monitoring scheme for compliance with defined
restrictions;

e A contingency plan that describes how water supply is planned to be
maintained in case of groundwater contamination (see chapter 5); and

e A remedial action plan that describes which measures are going to be
implemented to avoid groundwater contamination in case of accidental
contamination (see chapter 5).

The administrative procedure for the establishment of groundwater protection zones
is as follows :

1. The Ministry of ... will initiate the process of the delineation of groundwater
protection zones.

2. The Ministry of ... will prepare a hydrogeological study which defines the
hydrogeological boundaries of the groundwater protection zones, yields
information on the vulnerability of the aquifer system and the susceptibility to
certain hazards.

3. A Committee on Groundwater Protection Zone Delineation will be established
that elaborates the other elements of the groundwater protection zone
ordinance, as mentioned above.

4. The draft groundwater protection zone ordinance will be made available to the
public in the form of ... (to be added by the Committee) for a time period of 4
weeks at ... (to be added by the Committee). Objections by the public have to
be forwarded to the Committee on Groundwater Protection Zone Delineation
within ... (suggestion: 6) weeks after having been made available to the
public. All objections have to be formally answered by the Committee within ...
(suggestion: 4) weeks after receipt.

5. The Committee will make modifications, if required, to the groundwater
protection ordinance and make the modified draft again available to the public
for a time period of ... (suggestion: 4) weeks.

6. A public hearing will be held where the objections and modifications to the
draft groundwater protection ordinance are discussed.

7. The final groundwater protection ordinance will be published in the Official
Government Newspaper.

The analysis of the susceptibility of the water supply source to contamination has to
be conducted for all contamination sources listed in the inventory of potential sources
of contamination. This may be done using groundwater vulnerability maps at a
suitable scale.

A model scheme for the surveillance and monitoring of compliance with defined
restrictions will be established by the Ministry of ... .
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3 Classification of Protective Areas

Areas for the protection of groundwater should principally comprise the entire surface
and subsurface catchment area that contributes to the production of an abstraction
facility for drinking water. Protective areas should be classified into zones reflecting
the different level of risk implied by activities contributing to groundwater contami-
nation as a function of the type, the location and the duration of the activity and the
vulnerability of the aquifer. The potential contamination risk normally decreases with
the distance of the activity from the abstraction facility in case of homogeneous
groundwater flow velocities (unconsolidated aquifers and fractured rock aquifers with
no preferential flow directions). Therefore the travel time is the most prominent factor
for the delineation of groundwater protection zones in such aquifers. In karst aquifers,
however, the groundwater flow velocity can be locally very high so that groundwater
protection zones would comprise very large areas of the surface and subsurface
catchment area. In this case groundwater protection zones have to be established
based on a different approach. Instead of groundwater flow velocities or travel times
the vulnerability of the aquifer system upstream of the water abstraction facility
should be used.

Taking into account the different character of hydrogeological systems, it is
distinguished between
e Aquifers with a near homogeneous distribution of groundwater flow
velocities (unconsolidated aquifers and fractured rock aquifers with no
preferential flow directions); and
e Aquifers with a heterogeneous distribution of groundwater flow velocities
(karst aquifers and fractured rock aquifers with preferential flow directions of
high flow velocity)

In case of mixed aquifers all aquifers contributing to the production from the water
abstraction facility have to be protected.

In case of interference effects between groundwater abstractions all abstractions
have to be taken into account.

The geometry of a groundwater protection zone is dependent on the following
hydrogeological factors :
e Abstraction rate;
Groundwater recharge;
Hydraulic permeability (in x, y and z);
Effective porosity;
Aquifer thickness;
Hydraulic gradient; and
Direction of groundwater flow.

Other factors which influence the shape of a groundwater protection zone are :
¢ Interference effects between groundwater abstractions;
e Lateral and vertical hydraulic boundaries (lateral aquifer boundaries,
geologic windows, leakage, etc.);

Vol-5_Guideline-Groundwater-Protection-Zones.doc Page 132



ACSAD-BGR Technical Cooperation Project
Management, Protection and Sustainable Use of Groundwater and Soil Resources in the Arab Region
Volume 5 - Guideline for the Delineation of Groundwater Protection Zones

e Groundwater/surface water interactions;
e Lateral and vertical variations in hydraulic properties.

The shape of groundwater protection areas reflects the conceptual hydrogeological
model. The accuracy of such a model depends on the data availability.

3.1 Aquifers with Near Homogeneous Distribution of Groundwater Flow
Velocities (Unconsolidated Aquifers and Fractured Rock Aquifers
with no Preferential Flow Directions)

The groundwater protection area is divided into three zones :

e Zone | — The Immediate Protection Zone comprises an area with a radius of
at least 10 m from a water well and at least 20 m in the upstream direction of
a spring. It provides against direct contamination at the well itself.

e Zone ll — The Inner Protection Zone comprises the area defined by the 50-
days travel time, being not less than 100 m from a well or spring. It provides
against contamination, particularly from pathogenic microbiological
constituents and from other contaminants which may be hazardous.

e Zone lll - The outer protection zone encompasses the entire contribution
zone of the groundwater catchment area. It may be subdivided into zones
[lIA and IIIB (see below). It provides protection against contamination
affecting water over long distances such as radioactive substances or
chemicals which are not or not easily degraded.

Where reasonably necessary, groundwater protection zone Ill may be subdivided
into zone IlIA and zone IIIB.

For aquifers with flow velocities of 10 m/day or less, the boundary between zone IlIA
and zone llIB should be located approximately 2 km upstream from the water
abstraction facility. In case of higher flow rate this boundary should be located at an
appropriately greater distance.

Areas in which the aquifer has a flow velocity of 10 m/day or less and which are
covered by undisturbed, continuous low-permeability (k < 1E-7 m/s) strata of a
thickness of at least 5 m may be classified as zone IIIB. In the case of flow velocities
exceeding 10 m/day the cover of such low-permeability strata must be at least 8 m.
The distance from the boundary of zone IlIB to the water abstraction facility should
not be less than 1 km and the time required for water to flow over this distance may
not be less than 50 days.

Zone Il may not be established in case the water is exclusively produced from deep
horizons that are covered by low-permeable strata of sufficient thickness over the
entire area between the water abstraction facility and the line of 50-days travel time.

For the determination of the 50-days travel time to the water abstraction facility and
the lower culmination, the average daily discharge rate determined from the annual
discharge rate or the maximum daily discharge should be used depending on the
duration of maximum discharge and the local conditions.
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If the catchment area is very large, protection zone Ill may be limited to the cone of
depression. The cone of depression should for this purpose be determined using the
average annual discharge rate allowed by the water abstraction license. For a given
discharge rate, the recharge area may be calculated using the known or estimated
recharge rate. Following the calculation of the recharge area, the boundaries of the
cone of depression are prolonged in the upstream direction until the enclosed area is
equal to the calculated recharge area. Safety allowances should be added both in the
upstream and the transverse direction. Such safety allowances should reflect
¢ Uncertainties regarding the exact location of the calculated recharge area;
e Uncertainties regarding water discharge;
e Increases in the size of the cone of depression in the case of extended
water production at maximum permitted discharge rate;
e Changes in the groundwater level in dry years;
e Changes in the direction of groundwater flow to the water abstraction facility.
If no data allowing such an estimation are available, or if the direction of flow
to the water abstraction facility varies, an allowance of a maximum of 50% in
the main direction of flow and £ 5-10° in the transverse direction should be
made, depending on local hydrogeological conditions, such as depth to
groundwater and permeability of overlying strata.

Dispersion effects have only to be taken into consideration if they are relevant.

3.2 Aquifers with Heterogeneous Distribution of Groundwater Flow
Velocities (Karst Aquifers and Fractured Rock Aquifers with
Preferential Flow Directions of High Flow Velocity)

For the delineation of groundwater protection zones in karst aquifers the groundwater
vulnerability is used. Groundwater vulnerability is defined as 'the tendency or
likelihood for contaminants to reach the groundwater system after introduction at
some location above the uppermost aquifer'. For the assessment of the vulnerability
of the groundwater to contamination, the protective effectiveness of the cover of
rocks and superficial deposits above the topmost aquifer is taken into consideration.
This protective effectiveness or filtering effect of the rock and soil cover in the
unsaturated zone depends on many different factors, mainly the compactness,
mineralogical composition, porosity, content of organic matter, pH, and cation
exchange capacity, the thickness of rock and soil cover, as well as the percolation
rate and percolation velocity.

Based on the same criteria as listed for aquifer systems with a near homogeneous
flow velocity distribution three groundwater protection zones are distinguished :

e Zone | — The Immediate Protection Zone comprises the area with a radius of
at least 10 m from a water well and at least 20 m in the upstream direction of
a spring and the area of high groundwater vulnerability. It provides against
direct contamination at the well itself.

e Zone Il — The Inner Protection Zone comprises the area with a medium
groundwater vulnerability. It provides against contamination, particularly
from pathogenic microbiological constituents and from other contamination
which may be hazardous.
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e Zone lll — The outer protection zone encompasses the entire zone of
contribution of the groundwater catchment area. It provides protection
against contamination affecting water over long distances such as
radioactive substances or chemicals which are not or not easily degraded.

Flow velocities in karst systems are very unevenly distributed. The baseflow of
springs is usually provided from low permeability blocks in the aquifer system that
provide for extended residence times of the groundwater. In periods of high water
level, i.e. after groundwater recharge events, much of the infiltrating rainfall flows
rapidly through the aquifer via the main conduits. Filtration processes have a limited
influence at these times but dilution potential for contaminants is generally high.
Groundwater vulnerability therefore depends on the aquifer infiltration conditions, as
well as on the spatial distribution of the hydraulic parameters, such as hydraulic
conductivity, storage coefficient and porosity, which control the flow and transport
processes. Dispersion effects have only to be taken into consideration if they are
relevant.

Wells and springs in karstic media are, in principle, very vulnerable if there is a well
developed karst network and epikarst which are directly linked. Wells and springs are
less vulnerable if the epikarst is not directly linked to the karst network. In general the
source is less vulnerable if the aquifer contains neither a karstic network nor epikarst.

Groundwater vulnerability in karst aquifers should be based on factors such as:
e Development of epikarst;
o Effectiveness of the protective cover;
e Conditions of infiltration; and
e Development of karst network.

Groundwater protection zone | in karst areas should principally comprise
e Swallow holes, sinks, and supplying streams;
¢ Dolines, karren fields, cuestas, and their immediate surroundings which may
be draining towards them, if without soil cover and inside the receiving area
of swallow holes.

Groundwater protection zone Il in karst areas should principally comprise

e Dolines, karren fields, cuestas, and their immediate surroundings which may
be draining towards them, if covered with soil and outside the receiving area
of swallow holes;

e Slopes or dry valleys declining towards the water abstraction facility,

¢ Intermediate zones situated along doline alignments, uvalas, dry valleys,
canyons and poljes;

e Streams or brooks;

e Deep-cut dry valleys draining particularly or temporarily surface water or
featuring areas of infiltration;

e Areas in which karst aquifers have been excavated by mining;

e Areas featuring near-surface tunnels collecting groundwater; and

¢ Near-surface shatter zones or fault areas.
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4 Restrictions for Activities in Groundwater Protection Zones

The groundwater protection zone ordinance has to define restrictions and allowances
for all activities which could possibly have an impact on groundwater quality. These
restrictions and allowances have to be formulated as clear as possible so that there
could not be any doubt about what is allowed and what is not.

The restrictions and allowances listed in the matrixes are compiled from the
respective German, Swiss and Australian regulations and are meant as
recommendations. The final decision depends on the local situation and therefore will
be made by the Committee on Groundwater Protection Zone Delineation.

Commercial Land Uses

Land use/Activity Zone | Zone |l Zone A Zone |1IB

Construction or extension | incompatible | incompatible | incompatible | incompatible
of facilities or plants for the
production, treatment, use,
processing, and storage of
substances which may
possibly contaminate
groundwater and are non-
or hardly degradable and
radioactive substances,
such as substances from
refineries, iron, and steel
mills, non-ferrous metal
works, chemical plants
Facilities for the storage of
chemicals and nuclear
facilities (excepting
facilities for medical
applications as well as
equipment for metering,
testing and control)

Handling of substances incompatible | incompatible | incompatible* | incompatible*
contaminating water
Use of materials from incompatible | incompatible | incompatible | incompatible

which contaminants may
be washed or leached,
such as use of rubble,
residues from incinerators,
slag and mining residue
for the construction of
road, waterway, railroad
and air transportation
systems and facilities or
structures built for noise
control
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Land use/Activity Zone | Zone |l Zone IlIA Zone |lIB
Aircraft servicing incompatible | incompatible | incompatible | incompatible
Airports or landing incompatible | incompatible | incompatible | incompatible
grounds for aircrafts

(including helicopters)

Amusement centers incompatible | incompatible | incompatible® | compatible
Automotive businesses incompatible | incompatible | incompatible | compatible
Boat servicing incompatible | incompatible | incompatible | compatible
Dry cleaning premises incompatible | incompatible | incompatible | compatible
Farm supply centers incompatible | incompatible | incompatible® | compatible
Garden centers incompatible | incompatible | incompatible® | compatible
Laboratories (analytical, incompatible | incompatible | incompatible | compatible
photographic)

Market halls incompatible | incompatible | incompatible® | compatible
Mechanical servicing incompatible | incompatible | incompatible® | compatible
Pesticide operator depots | incompatible | incompatible | incompatible | compatible
Restaurants and taverns incompatible | incompatible | incompatible® | compatible
Shops and shopping incompatible | incompatible | incompatible® | compatible
centers

Transport & municipal incompatible | incompatible | incompatible | compatible
works depots

Vehicle wrecking and incompatible | incompatible | incompatible | incompatible
machinery

Used tire storage / incompatible | incompatible | incompatible | incompatible
processing / disposal

facilities

Warehouses incompatible | incompatible | incompatible® | compatible
Industrial Land Uses

Land use/Activity Zone | Zone |l Zone A Zone |lIB
Heavy Industry incompatible | incompatible | incompatible | incompatible
Light or general Industry incompatible | incompatible | incompatible | incompatible
Petroleum refineries incompatible | incompatible | incompatible | incompatible
Chemical manufacture / incompatible | incompatible | incompatible | incompatible
formulation

Dye works and tanneries incompatible | incompatible | incompatible | incompatible
Metal production /finishing | incompatible | incompatible | incompatible | incompatible
Concrete / Cement incompatible | incompatible | incompatible | compatible
production

Urban Land Uses

Land use/Activity Zone | Zone |l Zone IlIA Zone |lIB
Buildings incompatible | incompatible | incompatible® | compatible
Development zones incompatible | incompatible | incompatible | compatible
Development and incompatible | incompatible | incompatible | compatible
extensions of cemeteries

for earth sepulture

Development and incompatible | incompatible | compatible compatible

extensions of cemeteries
for urn sepulture
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Land use/Activity Zone | Zone |l Zone IlIA Zone |lIB
Hospitals, health centers incompatible | incompatible | incompatible | compatible
Veterinary, dental centers | incompatible | incompatible | incompatible | compatible
Prisons incompatible | incompatible | incompatible® | compatible
Drinking water treatment | incompatible | compatible® | compatible® | compatible
plants

Markets, trade fairs, incompatible | incompatible | incompatible | compatible
festivals and other similar

gatherings outside

appropriate facilities

Energy Generation and Electricity Conveyance Systems

Land use/Activity Zone | Zone |l Zone llIA Zone |lIB
Power plants Incompatible | incompatible | incompatible | incompatible’
Transformers and incompatible | incompatible | incompatible® | incompatible®

electricity lines holding
cooling or insulating fluids
possibly contaminating
water

Land Uses related to Exploration, Mining and Mineral Processing

Land use/Activity

Zone |

Zone |l

Zone IlIA

Zone IlIB

Extractive industries
(sand, clay, peat and rock)
with excavations above
groundwater table

incompatible

incompatible

incompatible

compatible

Extractive industries
(sand, clay, peat and rock)
with excavations below
groundwater table

incompatible

incompatible

incompatible

incompatible

Mineral and energy source
exploration

incompatible

incompatible

incompatible

incompatible®

Mineral and energy source
exploitation

incompatible

incompatible

incompatible

incompatible

Mineral processing

incompatible

incompatible

incompatible

incompatible

Oil or gas extraction /
decontamination for
transport

incompatible

incompatible

incompatible

incompatible

Quarries, if groundwater
cover is reduced
substantially and above
all, if groundwater is
uncovered permanently or
high groundwater level
periods or cleaning strata
are uncovered and
groundwater cannot be
protected adequately

incompatible

incompatible

incompatible

incompatible
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Agricultural Land Uses - Animals

Land use/Activity Zone | Zone |l Zone IlIA Zone |lIB
Animal breeding if the incompatible | incompatible | incompatible | compatible
number of animals implies

a risk to the quality of

groundwater because of

the limited area on which

they are kept and/or the

limited area available for

the disposal of manure

Installation and extension | incompatible | incompatible | incompatible | compatible
of liquid manure

containers, solid manure

sites or silos

Animal sale yards and incompatible | incompatible | incompatible | compatible
stockyard

Aquaculture incompatible | incompatible | incompatible | compatible
Dairy sheds incompatible | incompatible | incompatible | compatible
Livestock grazing, feedlots | incompatible | incompatible | compatible compatible
Piggeries incompatible | incompatible | incompatible | compatible
Poultry farming (housed) incompatible | incompatible | incompatible | compatible
Stables incompatible | incompatible | incompatible | compatible
Agricultural Land Uses - Plants

Land use/Activity Zone | Zone |l Zone A Zone |lIB
Application of fertilizers incompatible | incompatible | incompatible | incompatible?
Application of pesticides incompatible | incompatible | incompatible | incompatible
Application of pesticides incompatible | incompatible | incompatible | incompatible
employing air-borne

distribution methods

Application of liquid or incompatible | incompatible | incompatible | incompatible
solid manure or silage

seepage on waste land

Application of liquid or incompatible | incompatible | compatible compatible
solid manure or silage

Storage of liquid or solid incompatible | incompatible | incompatible | incompatible®
manure or soluble fertilizer

outside permanently

sealed sites and silage

production outside

permanent silos

Deforestation, plowing of incompatible | incompatible | incompatible | incompatible
legume-grass meadows

and fallow

Spray irrigation in excess | incompatible | incompatible | incompatible | incompatible
of field capacity

Broad land cropping i.e. incompatible | incompatible | compatible compatible
non-irrigated

Orchards incompatible | incompatible | compatible compatible
Horticulture incompatible | incompatible | compatible compatible
Floriculture incompatible | incompatible | incompatible | compatible
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Land use/Activity Zone | Zone |l Zone IlIA Zone |lIB
Nurseries (potted plants) incompatible | incompatible | incompatible | compatible
Silviculture (tree farming) | incompatible | incompatible | incompatible | compatible
Soil amendment (clean incompatible | incompatible | compatible compatible
sand, loam, clay, peat)

Soil amendment (industry | incompatible | incompatible | incompatible | compatible
byproducts & biosolids)

Viticulture (wine & table incompatible | incompatible | incompatible | compatible
grapes)

Agricultural Land Uses — Processing Facilities

Land use/Activity Zone | Zone |l Zone IlIA Zone |lIB
Animal product rendering incompatible | incompatible | incompatible | compatible
works

Abattoirs incompatible | incompatible | incompatible | incompatible
Dairy product factories incompatible | incompatible | incompatible | compatible
Manure stockpiling / incompatible | incompatible | incompatible | compatible
processing facilities

Tanneries incompatible | incompatible | incompatible | incompatible
Wool-scourers incompatible | incompatible | incompatible | compatible
Vegetable / food incompatible | incompatible | incompatible | incompatible
processing

Breweries incompatible | incompatible | incompatible | incompatible
Composting / soil blending | incompatible | incompatible | incompatible | compatible
commercial

Forestry product incompatible | incompatible | incompatible | compatible
processing- pulp & paper,

timber reservation, or

wood fiber works

Wineries incompatible | incompatible | incompatible | incompatible
Waste Water Facilities

Land use/Activity Zone | Zone |l Zone A Zone |lIB
Sewers (gravity) incompatible | incompatible | incompatible’ | incompatible’
Sewers (pressure mains) incompatible | incompatible | incompatible’ | incompatible’
Sewage pump stations incompatible | incompatible | incompatible | incompatible’
Wastewater treatment incompatible | incompatible | incompatible | incompatible’
plants

Wastewater application to | incompatible | incompatible | incompatible | incompatible
land

Transportation of sewage | incompatible | incompatible | compatible compatible
or waste water

Installation or extension of | incompatible | incompatible | incompatible® | incompatible’
sewage, waste water or

storm water drains

Discharge of waste water | incompatible | incompatible | incompatible | incompatible
(other than treated

precipitation) into surface

water, flowing into Zone |l

Discharge of waste water | incompatible | incompatible | compatible compatible
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Land use/Activity

Zone |

Zone |l

Zone lIIA

Zone |lIB

(other than treated
precipitation) into surface
water, not flowing into
Zone |

Release of waste water to
the ground inclusive of
sewage distribution fields
other than drainage of
uncontaminated
precipitation and waste
water from waste water
treatment plants serving
individual homes

incompatible

incompatible

incompatible

incompatible

Release of storm water
(other than
uncontaminated water
from roofs) to the ground

incompatible

incompatible

compatible

compatible

Infiltration Facilities (of Unpolluted Waters)

Land use/Activity

Zone |

Zone |l

Zone IlIA

Zone IlIB

Infiltration of natural
waters (with chemical
composition uninfluenced
by human activities) and
facilities thereof

incompatible

incompatible

incompatible

compatible

Infiltration of waste waters
(with chemical
composition influenced by
human activities) and
facilities thereof

incompatible

incompatible

incompatible

incompatible

Waste Disposals, Storage Facilities, Temporary Storage Facilities and Pipelines

Land use/Activity

Zone |

Zone |l

Zone lIIA

Zone |lIB

Injection of liquid wastes
into groundwater

incompatible

incompatible

incompatible

incompatible

Plants for the treatment
and disposal of solid
waste (other than plants
for the handling and
storage of such wastes)

incompatible

incompatible

incompatible

incompatible

Plants for handling and
temporary storage of solid
waste

incompatible

incompatible

incompatible

compatible

Sites for the storage of
residue from thermal
power stations and
incinerators, blast-furnace
slag and foundry sand

incompatible

incompatible

incompatible

incompatible

Sites for the disposal of
contaminated and

incompatible

incompatible

incompatible

incompatible
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Land use/Activity

Zone |

Zone |l

Zone lIIA

Zone |lIB

uncontaminated loose and
solid rocks (such as
tailings) if decomposition
and leaching may affect
groundwater

Sites for the disposal of
uncontaminated loose and
solid rocks where no
leaching of hazardous
substances may take
place

incompatible

incompatible

incompatible

compatible

Disposal of sludge from
sewage treatment plants
or cesspools and disposal
of compost

incompatible

incompatible

incompatible

incompatible

Storage of chemical
fertilizers or pesticides

incompatible

incompatible

incompatible®

compatible

Storage or stockpiling of
mining residue

incompatible

incompatible

incompatible

incompatible

Recycling facilities

incompatible

incompatible

incompatible

compatible

Recycling depots

incompatible

incompatible

incompatible

compatible

Fuel depots

incompatible

incompatible

incompatible

incompatible

Depots of liquid gas

incompatible

incompatible

compatible

compatible

Above ground storage of
toxic / hazardous
substances

incompatible

incompatible

incompatible®

incompatible®

Underground storage
tanks for toxic / hazardous
substances

incompatible

incompatible

incompatible

incompatible

Storage of fuel oil and
diesel fuel

incompatible

incompatible

incompatible®

compatible

Storage of liquid gas

incompatible

incompatible

compatible

compatible

Pipelines carrying fluids
which may contaminate
water

incompatible

incompatible

incompatible

incompatible

Facilities related to Transportation

Stations, Car Parks, etc.)

by Automobiles (e.g. Tunnels, Petrol

Land use/Activity

Zone |

Zone |l

Zone IlIA

Zone IlIB

Roads and other similar
facilities for transportation
(except for trails)

incompatible

incompatible

compatible

compatible

Changes of facilities for
transportation, unless
made to improve the
protection of groundwater

incompatible

incompatible

compatible

compatible

Release of storm water
from roads or other
transportation systems to
the ground

incompatible

incompatible

incompatible™

incompatible™

Transportation of

incompatible

incompatible

compatible

compatible

Vol-5_Guideline-Groundwater-Protection-Zones.doc

Page 142




ACSAD-BGR Technical Cooperation Project
Management, Protection and Sustainable Use of Groundwater and Soil Resources in the Arab Region
Volume 5 - Guideline for the Delineation of Groundwater Protection Zones

Land use/Activity Zone | Zone |l Zone IlIA Zone |lIB
substances possibly

contaminating

groundwater or radioactive

substances

Use of pesticides for incompatible | incompatible | incompatible | compatible
vegetation control on

transportation systems,

unless groundwater is

protected

Transportation systems incompatible | incompatible | incompatible’ | compatible
Gasoline stations incompatible | incompatible | incompatible’ | compatible
Service stations incompatible | incompatible | incompatible® | compatible
Vehicle parking incompatible | incompatible | incompatible® | compatible
(commercial)

Roads in tunnels incompatible | incompatible | incompatible® | compatible
Unpaved roads or tracks incompatible | compatible compatible compatible
for agricultural use only

Unpaved roads or tracks incompatible | compatible compatible compatible

for forestry only

Construction Sites, Constructions of Buildings and Facilities above the Land
Surface and Construction Changes thereof

Land use/Activity

Zone |

Zone I

Zone llIIA

Zone |lIB

Construction and
extension of buildings
such as for commercial
and agricultural use and
changes in the use of
buildings and structures

incompatible

incompatible

incompatible®

compatible

Sites for the storage of
building materials which
may contaminate
groundwater

incompatible

incompatible

incompatible

incompatible

Temporary construction
works

incompatible

incompatible

compatible

compatible

Construction /Mining
camps

incompatible

incompatible

incompatible

compatible

Penetration of strata
overlying groundwater,
other than laying of buried
utility lines and civil
engineering excavations

incompatible

incompatible

incompatible

compatible

Laying of buried utility
lines and civil engineering
excavations

incompatible

incompatible

incompatible™

compatible

Drilling operations

incompatible

incompatible

incompatible

compatible

Development and
extension of artificial
bodies of water

incompatible

incompatible

incompatible

compatible
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Activities related to Geothermal Energy (such as Drillings, Injection Facilities,

etc.)

Land use/Activity Zone | Zone |l Zone A Zone |lIB
Production of geothermal | incompatible | incompatible | incompatible | incompatible
energy

Drilling of geothermal incompatible | incompatible | incompatible | incompatible
boreholes

Groundwater use for incompatible | incompatible | incompatible | incompatible
heating or cooling

purposes (with abstraction

and injection facilities)

Underground Constructions

Land use/Activity Zone | Zone |l Zone A Zone |lIB
Development of incompatible | incompatible | incompatible | incompatible
underground facilities for

storage of substances

contaminating water

Recreational and Sports Facilities, Tourism Facilities

Land use/Activity Zone | Zone |l Zone llIA Zone |lIB
Equestrian centers incompatible | incompatible | incompatible | compatible
Golf courses incompatible | incompatible | incompatible | incompatible
Permanent motor racing incompatible | incompatible | incompatible | incompatible
facilities

Motor racing incompatible | incompatible | incompatible | compatible
Swimming pools incompatible | incompatible | compatible compatible
Recreational parks - incompatible | incompatible | compatible compatible
irrigated

Rifle ranges incompatible | incompatible | incompatible | incompatible
Caravan parks incompatible | incompatible | compatible compatible
Motels, hotels, lodging incompatible | incompatible | incompatible | compatible
houses, hostels, resorts

Clubs-sporting or incompatible | incompatible | compatible compatible

recreation
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Educational and Research Land Uses

Land use/Activity Zone | Zone |l Zone IlIA Zone |lIB
Community education incompatible | incompatible | incompatible® | compatible
centers
Primary / Secondary incompatible | incompatible | incompatible® | compatible
schools
Scientific research incompatible | incompatible | incompatible® | compatible
institutes
Tertiary Education incompatible | incompatible | incompatible® | compatible
Facilities

Military Sites and Shooting Ranges
Land use/Activity Zone | Zone |l Zone IlIA Zone |lIB
Military training camps and | incompatible | incompatible | incompatible | incompatible®
casernes
Military airfields incompatible | incompatible | incompatible | incompatible
Military storage facilities of | incompatible | incompatible | incompatible | incompatible
substances hazardous to
groundwater
Military shooting ranges incompatible | incompatible | incompatible | incompatible

Notes:

' unless checked for defects at regular intervals
% unless in keeping with good agricultural practices as regards timing and quantities
* excepting silage-making under plastic sheeting on tight base plates surrounded by retention

basins

* except for minor quantities for residential use, storage of fuel oil for residential use and

storage of diesel fuel for farming operations

® except for above ground lines or installations
® unless sewage and waste water other than uncontaminated precipitation are completely and

safely piped outside
" unless gas-fired

® unless substances used are not hazardous to groundwater or technical loss of substances

cannot occur

® unless technical loss of substances is proven not to occur (checks on regular basis)
'% unless sewage and waste water other than uncontaminated precipitation are completely

and safely piped outside

" unless no substances hazardous to groundwater are used and precautions are being
taken against the infiltration of such substances into the ground
12 except for embankment drainage and large distribution systems in ground with vegetation
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5 Contingency Plans and Remedial Action Plans

Contingency Planning is the development and implementation of both long and short-
term drinking water supply replacement strategies for supplying safe drinking water
to the consumer in the event of contamination or physical disruption.

Such a plan needs to be included in the groundwater protection ordinance and must
be updated on a regular basis. It has to mention what alternative water sources are
to be used in case of disruption of water supply due to contamination. Such
alternative water sources might constitute other wells or springs which are connected
to the same supply network.

The Ministry of ... will prepare a guideline for the preparation of such Contingency
Plans.

A Remedial Action Plan describes what needs to be done and who is responsible for
the individual actions in case the water source became polluted, for instance by an
accidental spill.

The Ministry of ... will prepare a guideline for the preparation of such Remedial
Action Plans.
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6 Implementation of the Groundwater Protection Ordinance

6.1 Land Rights and Marking of the Boundaries of Protection Zones

The boundaries of groundwater protection zones should follow, where possible,
roads, tracks, property lines or landmarks, such as the edges of forests and
embankments of bodies of water. These administrative boundaries should be located
outside the boundaries defined by the hydrogeological study.

The land of protection zone | must be owned by the water utility and the boundary of
zone | has to be protected against unauthorized access by appropriate measures, for
instance by a fence.

The boundaries of zones Il and Il have to be identified by appropriate standard
marker posts to ensure an undoubtful identification of these boundaries.

6.2 Surveillance and Monitoring of Compliance with Restrictions

Regular surveillance and monitoring of the compliance with the requirements of the
ordinance has to be conducted by ... .

The water utility has to establish and conduct a regular surveillance program together
with competent agencies.

The results of the surveillance and monitoring of the compliance with the
requirements of the ordinance have to be documented in annual reports by the
Committee on Groundwater Protection Zone Delineation.

6.3 Compensation for Preexisting Rights

(to be added by the Committee)

6.4 Penalties for Non-compliance with Restrictions

(to be added by the Committee)
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7 Requirements for the Hydrogeological Study and the Ordinance
for the Delineation of a Groundwater Protection Zone

The hydrogeological study which forms the basis of the ordinance for the delineation
of a groundwater protection zone will be prepared by the Ministry of ... or on its
behalf by a private consultant or institution (e.g. a university).

The hydrogeological study should yield the following information :

- All technical data of the water abstraction facility (x/y/z coordinates,
technical design drawings, technical drawings of all water utility facilities,
pumptest data and interpretation of pumptests, water level monitoring
data);

- The details of all boreholes drilled and geophysical investigations carried
out in the catchment area;

- All hydrochemical analyses carried out in the catchment area and their
interpretation (especially with regard to trends showing groundwater quality
deterioration; geogenic / anthropogenic effects);

- Piezometric maps of all relevant aquifers;

- A copy of the water right including the maximum allowable abstraction
amounts as well as dates of issuance and expiry;

- All abstraction data for the past 10 years, including annual abstractions,
average and maximum daily abstraction, duration of maximum abstraction;

- Water demand prognosis for the next 10 years and peak demands;

- A list of all existing water abstraction facilities (wells and springs) with their
abstraction data for the past 10 years;

- A detailed description of the hydrogeological system (composition,
occurrence and thickness of lithological units, hydraulic parameters, etc.)
including information about hydraulic interactions with surface water
resources, the amounts of the different elements of the groundwater
budget (precipitation, evapotranspiration, all inflows and outflows);

- An overview about the land uses in the catchment area (in text form and
presented on a map of suitable scale);

- An overview about the soils and their character in the catchment area;

- A description of the delineation method used as well as information about
the level of accuracy of the delineation;

- The hydrogeological boundaries of the groundwater protection zone based
on scientifically approved methods (presented on maps of suitable scales);

- A contamination source inventory of all potential pollution hazards;

- Information about the susceptibility of the public water supplies to these
potential contamination sources (based on the vulnerability of the aquifer;
vulnerability map to be presented on a map of suitable scale), including an
evaluation of the degree of threat arising from each potential pollution
hazard.

A quideline for the preparation of a hydrogeological study will be issued and
continuously updated by the Ministry of ... .
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The ordinance for the delineation of a groundwater protection zone has to
supplement the following information :

- The administrative boundaries of the groundwater protection zone based
on the results of the hydrogeological study (presented on maps of suitable
scales);

- A list of restrictions for activities and land uses in the different groundwater
protection zones;

- A surveillance and monitoring scheme for compliance with defined land
use restrictions;

- A contingency plan that describes how water supply is planned to be
maintained in case of groundwater contamination;

- A remedial action plan that describes which measures are going to be
implemented to avoid groundwater contamination in case of accidental
contamination.

A model ordinance with detailed information about the expected contents will be
issued and continuously updated by the Ministry of ... in order to ensure that
ordinances follow a standard layout (a proposal is attached as Annex B-5).
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Annex B-1: Inventory Sheet of Potentially Contaminating Sites — Mapping

of Hazards to Groundwater

The sheet is to be filled for each hazard to groundwater in the groundwater protection

Zone

Groundwater Protection Zone:

TYPE & NO.

NAME

LOCATION

COORDINATES

Palestine Grid-EAST :
Palestine Grid-NORTH :

YEAR OF CONSTRUCTION

USED UNTIL

CAPACITY

CHEMICAL SUBSTANCES
USED IN PROCESS

EFFLUENTS (yes/no)

CONTAMINATION (yes/no)

WASTE DISPOSED AT

INTERNAL SEWERAGE
SYSTEM (yes/no)

CONNECTED TO MAIN
SEWERAGE TRUNK LINE
(yes/no)

VISITED BY

DATE

MONITORING OF
POLLUTION (yes/no)

POLLUTION RISK, range of
1-4,
4 - pollution detected
3 - pollution highly
probable
2 - mediocre pollution
risk
1 - no risk of pollution

REMARKS
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Annex B-2: Inventory of Hazards to Groundwater — Hazards to be
inventoried and Inventory of Groundwater Supply Facilities

Both inventories are to be established in the form of a list and on maps of suitable
scale

A. INVENTORY OF HAZARDS TO GROUNDWATER
(potentially contaminating activities)

Municipal

1. wastewater treatment plants and sewer trunk lines

| - industrial wastewater treatment plant
U - urban wastewater treatment plant

settlement with sewerage network
settlement without sewerage network
main sewer line

2. hospitals

3. cemeteries

Waste Disposal

4. waste disposals

source of waste
MU - municipal waste
SL - deposition of wastewater sludge
IN - industrial waste

type of waste
S - solid waste
L - liquid waste
H - hazardous or toxic waste
N - non-hazardous/non-toxic waste

authorization
LE - legal waste disposal site
IL - illegal waste disposal site

base sealing and monitoring
PE - waste disposal on permeable rocks without sufficient impermeable sealing of base
IP - waste disposal on permeable rocks with sufficient impermeable sealing of base or
waste disposal on impermeable rocks
MO(X) - monitoring wells for groundwater quality (X - number of wells)

Example : SL+MU /S+L N/ H+N / LE / PE MO(2)

5. cesspools, septic tanks
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6. manure or livestock waste storages

7. landfills (potential illegal dumping sites)

8. quarries (potential illegal dumping sites)

Industrial

9. industries with effluent of organic biological or heavy metal loaded wastewater
10. chemical storage facilities

11. oil or fuel storages (garage, service station, etc.)

12. hazardous or toxic chemical/waste spills

13. thermoelectric power plants

14. pipelines

15. slaughterhouses

Agriculture and Livestock

16. animal husbandries

17. areas of intensive irrigation (frequent and abundant use of pesticides/fertilizers
Other

18. airfields

19. military installations

20. mines

B. INVENTORY OF GROUNDWATER SUPPLY FACILITES

1. wells used for domestic water supply

2. springs used for domestic water supply

3. wells used for irrigation

4. water supply mains

5. pumping stations

6. dams

7. areas of intensive groundwater exploitation
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ACSAD-BGR Technical Cooperation Project
Management, Protection and Sustainable Use of Groundwater and Soil Resources in the Arab Region
Volume 5 - Guideline for the Delineation of Groundwater Protection Zones

Annex B-5: Standard Outline for a Hydrogeological Study Report for the
Delineation of a Groundwater Protection Zone

(modified after ECKL et al., 1995)

Table of Contents

1 Introduction

1.1 Instigation of Investigation (contracting entity for investigation, name, id no.
of water facility(/-ies), operator(s), type(s) of water resource, type of water
catchment(s))

1.2 Delineation of Study Area (size, location, map no., administrative affiliation,

name of hydrogeological area/basin)

2 List of all documents relevant for the delineation of the groundwater
protection zone (copies)

3 Description of the Water Supply Facility

3.1 Basic Water Supply Data (operator, area, served by water facility, water
right document (date, maximum allowable abstraction amount, duration),
actual abstraction amounts at all single abstraction facilities (daily/ yearly),
peak abstraction amounts, prognosis for future abstraction needs)

3.2 Technical Installations (location of water catchment, description of water
extraction installations, state/condition, water treatment installations, power
supply, fuel storage facilities, etc.)

3.3 Abstractions from and Discharges into the Groundwater Resource in the
Study Area (all relevant abstractions/discharges with amounts, names,
locations, water rights, etc.; priority areas for water abstractions;
abstractions from/discharges into surface water)

4 Geographic Conditions
4.1 Landscape Classification (area type name, morphology)
4.2 Land Use (present/historic/future size, location and percentage of

afforested areas, agricultural areas, built-up areas, nature and landscape
preservation areas)

5 Hydrologic Conditions
5.1 Hydrography and Surface Water Divides
5.2 Components of the Water Balance (long-term annual averages of

precipitation, evapo(transpi)ration, surface water runoff, baseflow)

6 Geological and Hydrogeological Conditions

6.1 Geological Setup (stratigraphy, lithology, facies, thicknesses, occurrences)

6.2 Tectonics (age, type, location of faults and fractures; implications for
groundwater movement)

6.3 Hydrogeological Setup (data base: boreholes, geophysical logs/sections,
etc.; position, occurrence and thickness of all relevant hydrogeological
units)
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6.4 Geohydraulic Rock Properties (hydraulic permeabilities (from pumptest
evaluations), effective porosities, specific storage coefficients, water level
fluctuations in correspondence to groundwater abstractions)

6.5 Hydrochemical Characteristics (physico-chemical and microbiological data
of all analyses, hydrochemical properties of all relevant aquifers,
interpretation, long-term changes)

6.6 Groundwater Movement

6.6.1 Piezometry (location of piezometers and springs; groundwater level
monitoring data with graphs and interpretation of data; groundwater
contour maps for all relevant aquifers (under high/low water conditions; at
time of high groundwater abstraction and low/high groundwater
table/piezometric heads); groundwater divides; groundwater flow directions
and variations thereof with time and space; groundwater flow velocities,
depth to groundwater at times of high/low groundwater table/piezometric

heads)

6.6.2 Hydraulic Interconnections (between hydrogeological units, between
surface and groundwater, hydraulic boundary conditions, hydraulic
barriers)

6.6.3 Consequences of Water Abstractions (potential water level decline areas
with assumed isolines for the maximum allowable abstraction)

6.7 Soil and Rock Cover (lithology, occurrence, thickness)

6.8 Groundwater Recharge (methods, results, appraisals, error margins,

changes of time and space)

7 Soil Conditions (soil types and properties, thicknesses, occurrences,
organic matter contents, field capacities, cation exchange capacity)

8 Delineation of Groundwater Protection Zone

8.1 Zone lll (assessment of hydrogeological and soil conditions; method and
result of determination of boundary line; evaluation of zone of contribution
in relation to surface water/groundwater catchment area; estimation of
safety surcharge (depending on degree of homogeneity, anisotropy,
variations of factors with time and space); groundwater recharge; control of
water balance using the waterworks method: groundwater recharge =
average annual groundwater abstraction/groundwater recharge area);
subdivision into zones IlIA/111B; additions or changes to the global catalog
of restrictions for land use)

8.2 Zone Il (methods, results and discussions of results for the determination
of the boundary line(s); comparison and assessment of results;
assessment of soil/rock cover functionality; in case of reduction or non-
appliance of zone II: reasons to do so; additions or changes to the global
catalog of restrictions for land use)

8.3 Zone | (rationale for the delineation)

9 Risk Assessment for Susceptibility of the Groundwater Resources to
Contamination

9.1 Potential Hazards (such as: historic/present/future intensively cultivated

areas, animal husbandries, villages/houses without connection to a
sewage treatment facility, commercial and industrial sites, facilities for
storage or handling of substances hazardous to groundwater, sites of
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mineral resource extraction, infrastructure, surface water bodies, waste
disposals, sewage water collection/treatment facilities, contaminated sites,
military installations, cemeteries, other areas with potential hazards to
groundwater)

9.2 Risk Assessment for Identified Hazards (protective effectiveness of soll
and rock cover = assessment of groundwater vulnerability)

10 Proposal for Additional Investigations
11 References
12 Annexes (for instance all relevant data)
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Part C Examples for Groundwater Protection Zone Delineation in
Selected ACSAD Member Countries

A questionnaire (Annex C-1) was sent to competent and reliable persons in selected
ACSAD member countries in order to document the present situation and the
Government’s policy on the issue of groundwater protection. This documentation is
by no means complete and only reflects the knowledge and opinion of the respective
authors. Wherever possible and necessary, additions to the author’s texts were
made. For many countries in the Arab region it is difficult to obtain sufficient and
reliable information on laws, regulations, Government policy and the practice.
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1 General Aspects

In many countries of the Arab region water resources are very scarce, even though
they are distributed fairly uneven. In some countries of the Maghreb region rainfall is
relatively high in the northern part so that surface water resources are sufficient
through the rainy season. However, it is difficult to store adequate amounts
throughout the year. Also the climate is extremely variable so that these areas are
often threatened both by flooding and droughts.

Syria and Iraq depend to a large extent on the transboundary water resources of the
Euphrates and Tigris Rivers. Transboundary groundwater forms also the source for
many countries depending on groundwater, such as most countries of the Maghreb,
which receive inflows from the Saharan aquifer systems.
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Table C-3: Water Consumption and Efficiency in the Agricultural Sector of the Arab

Region
Total
renewable Water withdrawal
water Irrigation water Water use Water as percentage of
resources requirements efficiency in consumption for | renewable water

(km3) (km3) percentages agriculture (km3) resources
Eritrea 6.3 0.09 32% 0.29 5%
Mauritania 11.4 0.44 29% 1.5 13%
Lebanon 4.407 0.37 40% 0.92 21%
Algeria 14.32 1.45 37% 3.94 27%
Morocco 29 4.28 37% 11.48 40%
Tunisia 4.56 1.21 54% 2.23 49%
Iraq 75.42 11.2 28% 39.38 52%
Sudan 64.5 14.43 40% 36.07 56%
Syria 26.26 8.52 45% 18.93 72%
Jordan 0.88 0.29 39% 0.76 86%
Egypt 58.3 28.43 53% 53.85 92%
Yemen 4.1 2.53 40% 6.32 154%
Saudi Arabia 24 6.68 43% 15.42 643%
Libya 0.6 2.56 60% 4.27 712%
Bahrain n.a.; table C-2 n.a. n.a. 0.139 n.a.
Djibouti n.a.; table C-2 n.a. n.a. 0.001 n.a.
Kuwait n.a.; table C-2 n.a. n.a. 0.216 n.a.
Oman n.a.; table C-2 n.a. n.a. 1.15 n.a.
Qatar n.a.; table C-2 n.a. n.a. 0.185 n.a.
Somalia n.a.; table C-2 n.a. n.a. 3.954 n.a.
UAE n.a.; table C-2 n.a. n.a. 1.408 n.a.
West Bank &
Gaza n.a.; table C-2 n.a. n.a. 0.343 n.a.

n.a. — not available
source: FAO Aquastat; UNESCO & ESCWA (1999)
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2 Groundwater Protection Zone Delineation in Morocco

(compiled from: FAO Aquastat and various Worldbank reports and internet
resources)

General Aspects

Morocco covers a total area of 446,500 km?. The total population is 29.2 million
(2001), of which 52% is rural. Annual population growth is estimated at 2.1% (1995).
The increase in urban population is around 5%.

The country can be divided into four physiographic units:

e The Coastal Plains, that extend along the entire Moroccan coastline. They are
narrow on the Mediterranean Coast and wide on the Atlantic Coast. These
plains are crossed by the majority of the rivers and valleys of the country;

e The Northern Hills, that run parallel to the Mediterranean Sea and are called
the EI-Reef Mountains with their peak reaching 2,456 meters above sea level,

e The Central Hills, that run along the middle of the country and extend from
north-east to southwest. They consist of the mountain ranges of the Central,
Upper and Lower Atlas, which run almost parallel to one another. The peak is
in the Upper Atlas at 4,165 meters above sea level;

e The Desert Hills, that are extensions of the southern slopes of the Upper and
Lower Atlas Mountains.

The cultivable area has been estimated at 8 million hectares, which is 18% of the
total area. In 1993, the total cultivated area was 7.23 million ha.

Water Resources

The water resources have been evaluated at 29 km?3/year, out of which 16 km?® of
surface water and 4 km?® of groundwater are considered to represent water
development potential. The most important rivers are equipped with dams, allowing
surface water to be stored for use during the dry seasons. In 1997, 88 dams were
operational, with a total dam capacity of 14 km?3. Of these dams, 13 were used (1990)
in the schemes operated by the regional agricultural development offices (ORMVA or
Office Regional de Mise en Valeur Agricole).

The renewable groundwater resources are estimated at 9,000 MCM, spread over 32
deep aquifers and 46 shallow aquifers, of which 4,000 MCM can be mobilized.
Groundwater abstraction reached 3,600 MCM in 1997. Groundwater is generally
over-exploited leading to lowering of water tables and the deterioration of water
quality. Around 50% of the groundwater resources are located in the North and the
Center of the country.

Non-conventional water resources, such as the re-use of treated wastewater and
desalinated water, are not yet commonly used. In 1995, the use of untreated
wastewater for irrigation was about 60 MCM/year.
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In 1992, water withdrawal was estimated at about 11 km?3, of which 92.2 % for
agricultural purposes (4.9% is withdrawn for domestic use and 2.9% for industrial
use). Of this total of 11 km?3, 7.5 km*® was surface water and 3.5 km*® groundwater. In
1990, 236,000 water points were counted in the rural areas (91 % wells, 8% springs,
1% surface water points). A health survey showed that 84% of water points delivered
non-potable water.

Irrigation is a strategic sector in Morocco. The water managed areas, in total about
1.26 million ha, represent only 17% of the cultivated area, but 76% of the irrigation
potential area estimated at 1.65 million ha.

Since the 1960s emphasis has been put on the construction of dams and on the
development of large schemes (referred to as 'grande hydraulique'). The schemes
(with areas > 30,000 ha) are managed in a decentralized manner by the ORMVA. In
total there were nine schemes over a total area of 496,000 ha in 1993.

The estimated volume of wastewater generated from the urban areas is around 546
MCM per year and is expected to reach 670 and 900 MCM in 2010 and 2020,
respectively. Generated wastewater is mostly discharged without any treatment into
natural water bodies. Around 43% are directly discharged into the ocean, and the
rest are either discharged into the water resources (30%) or are spread on the soil
(27%). Out of the 69 wastewater treatment facilities only 42% were functioning
properly (2001).

With respect to industrial effluents, there are no laws forcing or requesting industries
to treat their effluents prior to discharge. All industries discharge their untreated
effluents into various natural water bodies. The report on the state of the environment
that was completed in 1999 indicates that around 1,000 MCM of untreated industrial
effluent are discharged per year. It is estimated that the majority of these effluents
(98%) are discharged into the ocean and the sea, however, the remaining (2%) that
are discharged into the inland water resources and the soil contain considerable
pollution loads.

Municipal, industrial and hospital solid wastes (495 Million m® in 2000) generated in
the country are mainly discharged to uncontrolled sites, thus contributing to the
degradation of the water quality and specially the groundwater resources. Survey
studies conducted by the Direction Générale de I'Hydraulique in 1996 confirm the
pollution of the groundwater resources in the vicinity of the solid wastes discharge
sites.

Leaching practices and agricultural drainage are also a pollution source of water
resources. Pollution is mainly due to the over-use of pesticides and fertilizers. Although
agriculture pollution is not well controlled nor properly monitored, the available data on
the utilization of pesticides and fertilizers give an idea about the expected pollution. On
the average 720,000 tons of fertilizers are applied annually at the rate of 45 kg/ha. With
respect to pesticides, around 7,500 tones are locally produced and used annually. In
addition, around 1,000 tons of pesticides are imported annually. The available data on
surface water quality reveal that important levels of fertilizers mainly nitrates and
phosphorus are present. Pesticides residues were also detected in some surface waters
and in some wells.
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Since 1992, a water quality monitoring program has been established for surface
water and groundwater resources. Around 1000 stations have been established at
important points.

Data collected by the DGH indicate that:

e An important percentage (above 30% !) of underground water sources is of
poor quality due to high salinity and nitrate concentrations;

e Several water streams have important concentrations of phosphorus,
ammonia, organic matters and high Coliforms counts mainly at the monitoring
stations which are located downstream of the industrial and municipal
wastewater discharges;

o Sebou basin that constitutes 29% of Morocco water resources is heavily
polluted by untreated industrial and municipal discharges and by agricultural
drainage.

Institutional Aspects

The Superior Council of Water and Climate (Conseil supérieur de I'eau et du climat)
is the principal institution involved in the water resources management sub-sector. It
has the mandate to coordinate the development of the water resources by examining
the development policies of the sector, approving the regional master plans related to
the development of the water resources (prepared by the Directorate of Rural
Equipment), resolving conflicts over the allocation of the water resources and
establishing policies for water quality conservation. The General Directorate for
Hydraulics (DGH or Direction générale de [I'hydraulique) of the Ministry for
Infrastructure (Ministére de I'Equipement) is in charge of the secretariat of the
Council and brings together the main services concerned in this sector, elected
representatives, socio-professional organizations, local authorities and representa-
tives of the different types of water users.

The main organizations involved in the drinking water supply sub-sector are:

e The Ministry of Infrastructure (Ministere de 'Equipement, MEQ) with its
regional Directorates for Water Resources Management;

e The DGH, which is part of the Ministry of Public Works. It is in charge of water
supply at basin level and is responsible for research and the exploitation of the
water resources;

e The National Office for Drinking Water (ONEP or Office national de I'eau
potable), which is placed under the Ministry of Public Works. It is in charge of
water distribution control in urban areas and in some rural municipalities. It
plans, builds and operates the installations for treatment and transport from
the primary sources, i.e. reservoirs and primary canals;

e 16 autonomous, inter-communal state-owned water companies (Agence de
Bassin Hydraulique, ABH), which are placed under the Ministry of Interior and
supervised by the Directorate for state-owned companies and services
conceded by this Ministry. They are in charge of water distribution in the
municipalities;

e The Ministry of Public Health (MSP or Ministére de la santé publique) which,
together with ONEP, is in charge of quality control for water resources for
drinking water supply networks in the towns and villages to which it provides
water;
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e The Ministry of Environment (Ministére de '’Aménagement du Territoire, de
I'Habitat, de 'Urbanisme et de 'Environnement, MATHUE);

e The Ministry of Agriculture, Rural Development and Waters and Forests: It is
mainly in charge of elaborating and implementing the policy concerning the
reuse of treated wastewaters in agriculture via the regional service (ORMVA
and DPA) in addition to the management of these waters, the awareness and
technical framing of Associations of Agricultural Waters Users (AUEA).

The main organizations involved in the irrigated agriculture sector are:

e The Ministry of Agriculture and Agricultural Development (MAMVA or Ministére
de I'agriculture et de la mise en valeur agricole), which is in charge of the
supervision of new investments, in particular the extension, rehabilitation and
maintenance of all the large and medium irrigation schemes;

e The DGH, which is in charge of providing irrigation water for the large
schemes. It constructs and maintains the large hydraulic structures like dams,
river diversion structures and projects for the exploitation of groundwater;

e The Agricultural Engineering Service (AGR or Administration du génie rural),
which is responsible for the management of the irrigation schemes:

e The ORMVA, which are public but financially autonomous entities placed
under the MAMVA, and which are responsible for the planning and
management of the water resources for agriculture and the design,
construction and management of the large schemes. They are also
responsible for the small and medium schemes within their geographical
jurisdiction;

e Outside the areas controlled by the ORMVA, the provincial Directorates for
Agriculture are in charge of the promotion and management of the small and
medium irrigation schemes, in reality mainly limited to extension activities.

On the 20 September 1995, a new Water Law became effective. In order to provide
drinking water and to protect the water resources more effectively so-called Water
Basin Agencies were created (Agences de Bassin Hydraulique — ABH). These
agencies aim to establish a long-term balance for the water resources using an
integrated approach in cooperation with the local authorities.
The law 10/95 of 16™ August 1995 forms the legal basis for water policy in Morocco.
It aims to establish the legal instruments necessary for controlling the use of water
resources and for their conservation.
It provided the legal basis for the creation of basin agencies, for which the missions
are extensive. These bodies, which have financial autonomy and a legal status, are
in charge of:
e royal type missions concerned with water law enforcement which are currently

taken care of by State directorates (Directorate General for Water):

e the inventory of water rights and concessions;

e the monitoring of quality and quantity, both for ground and surface water;

e the issue of new permits and concessions for water withdrawals;

e the control of the use of resources;

e new missions within the river basin context:
e the formulation and implementation of the water development plan which is
to be integrated into the national water plan;
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e the levying of pollution and withdrawal fees which will be reinvested in
pollution control;

e providing contracting authorities with financial assistance and services for
pollution control, improvement in water resources and flood management.

In 1995, Morocco developed the ‘Code des Eaux’ under law No. 10-95. This code
includes several articles related to the protection and preservation of surface and
groundwater, the disposal of wastewater, as well as water reuse for agricultural
purposes.

The ‘Code des Eaux’ calls for the integration of water quality and quantity, the
elaboration of national water plan and river basin plans, recovery of costs through
charges for water abstraction, and a water pollution tax based on the polluter-pays
principle. The law also provides for the establishment of basin agencies, the
participation of water user’s association in decision-making as well as for sanctions,
penalties and fines for water law violation.

According to the new water law water has become a public property. The newly
established water basin agencies have to prepare water basin master plans. Also a
mechanism for cost recovery is provided through the collection of an abstraction
charge and a pollution charge, which is to be based on the polluter-pays-principle,
similar to the system applied in France (compare Part A, Chapter 6).

The available quality standards are those prepared by ONEP, Ministry of Health and
Ministry of Interior for water, including:

- NM 03-7-001: Standards for Potable Water;

- Decree 2-97-875: Standard the Use of Treated Water in Irrigation;

- NM 03-7-002: Standards for the Monitoring of Water Supply Systems.

Trends in water resources management

The surface water resources are limited and must be saved in order to be able to
satisfy the water needs for drinking, industrial and agricultural purposes in the 21°
century. While in general the water demand is satisfied, certain regions already suffer
from water scarcity, especially during dry years.

Since the 1960s Morocco’s water policy was dominated by the effort to construct
large water reservoirs, for which about 15 % of the annual investment budget was
spent. At present around 100 dams are in operation, managing about 70% of the
renewable water resources. Agriculture consumes approximately 92% of the water
resources. Water protection measures were neglected for a long time.

The increase of the number of dams is one way chosen to increase water availability.
Siltation of dams, however, is a major problem. The capacity already lost in 1990 was
estimated at 800 MCM, which is 7% of the total capacity. A program for the
protection of dams against siltation has been set up. Another way chosen to increase
water availability is increasing groundwater extraction. However the cost of
groundwater extraction is very high and a number of aquifers are already over-
exploited. Government policies are moving from supply towards demand
management.

Vol-5_Guideline-Groundwater-Protection-Zones.doc Page 184



ACSAD-BGR Technical Cooperation Project
Management, Protection and Sustainable Use of Groundwater and Soil Resources in the Arab Region
Volume 5 - Guideline for the Delineation of Groundwater Protection Zones

A new strategy for integrated water management is being developed under the ongoing
National Water Plan. This new strategy is based on management of supply, valorization,
decentralization and integration. It will also address the need to use non-conventional
water sources including the re-use of treated wastewater and desalinization. Action plans
that are being prepared include:

¢ National action plan for water;

¢ National action plan for water quality;

» National action plan for the abatement of flooding.

In the wastewater sector, the Government is moving towards the privatization of
wastewater treatment. The management of the wastewater of Casablanca, Rabat-
Sale, Tangier and Tetouan has been lately given to private firms. A National
Wastewater Master Plan was elaborated and enabled the Government to draw the
guidelines for the development of the sector.

In the agriculture sector, the Ministry has developed a strategy and an action plan for
the rationalization and the utilization of water for irrigation purposes. The identified
actions will contribute to the protection of the environment through rationalizing the
use of fertilizer and mastering irrigation practices.

A National Irrigation Program for the year 2000 (PNI 2000 or Programme National
d'lIrrigation en 2000) was adopted in 1992, with the following objectives:
e to equip by the year 2000 the whole area controlled by existing dams and
dams under construction with the appropriate water distribution infrastructure;
e to improve the performances of the old irrigation schemes through
modernization and/or rehabilitation of equipment.

Land ownership, which is characterized by very small properties (< 5 ha), land
fragmentation, the absence of land ownership deeds and security, is being reviewed
together with its implications for schemes and resources management.

The Moroccan water sector is facing serious problems, the reasons of which are
complex. The Moroccan economy saw a rapid industrial and an increasingly export-
oriented agricultural development over the past 2 decades. At the same time the
population growth was very high. Due to these facts, water demand increased
enormously. The water tariffs are not covering the costs, which has led to a wasting
of resources. The investment budget has not kept pace with the increasing water
demands, so that investments into maintenance were neglected, leading to a decay
of the water infrastructure. Moreover, no sufficient investments were made in the
wastewater sector.

The following 5 policies for water sector development have recently been adopted:
e Preparation of a National Water Master Plan, based on the principle of
integrated water resources management;

e Development of a new institutional and legal framework promoting
decentralized water resources management with increased stakeholder
participation;

¢ Introduction of economic incentives in water allocation decisions through
rational water tariffs, based on the principle of cost recovery;
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e Enhancement of institutional capacities;

e Establishment of an effective system of monitoring and control of water quality
to reduce environmental degradation.

Four big cities (Casablanca, Rabat, Tangier and Tetouan) are already under the
management of private sector companies for water supply, sanitation and electricity.
In Casablanca, LYDEC, consisting of a consortium of Suez Lyonnaise des Eaux
(35%), ELYO (24%), EDF Int. (18%), ENDESA (18%) and AGBAR (5%), was
awarded a 30-years delegated management contract in 1997. In 2001 a 25-years
concession was given to AMENDIS, a consortium lead by the French company
Vivendi Env. (51%).

SSS535335355555 LK L L LKL L LKL LKL L L L

1. Is there a law in place to allow for the delineation of groundwater protection
zones ?

The water law of 1995 (loi no.10; loi sur I'eau) includes in article .

| 2. Have groundwater protection zones already been established (how many) ? |

Within the Moroccan-German Technical Cooperation Project ‘Protection of Drinking
Water Resources’ between the German Technical Cooperation Agency (GTZ) and
DGH a number of groundwater protection zones have been established. In 1995
protection zones for the water abstraction points at Sidi Taibi were set up (ONEP &
GTZ, 1995). The used system is similar to the French system (see chapter 2.1.3).
Presently the GTZ is cooperating with the DGH and the ABH-Tensift in order to
establish groundwater protection zones (project duration: 2002-2006).

To help the structures and human resources of the Ministry of Public Works adapt to
this new policy, the Director for Water at the French Ministry for the Environment and
the Moroccan General Director for Water signed a special co-operation agreement,
on 19™ April 1996. This agreement deals mainly with the creation of a first pilot basin
agency for the Oum Er Rbia basin.
IOW is the main operator for the French Authorities. This program, carried out
between 1996 and 1998, with the assistance of specialists from the Adour-Garonne
Water Agency, included:

e awareness campaigns for users and communication actions among the
population;
assistance with fees and aid systems (institutional and financial aspects);
training on floods (flood prevention, forecasting and warning);
the restructuring of regional water analysis laboratories;
the drawing up of the documents necessary for the effective implementation of
the Oum Er Rbia pilot Basin Agency's financial services (procedures, control
of tax bases, legal department, preparation of multi-annual programs);

Vol-5_Guideline-Groundwater-Protection-Zones.doc Page 186



ACSAD-BGR Technical Cooperation Project
Management, Protection and Sustainable Use of Groundwater and Soil Resources in the Arab Region
Volume 5 - Guideline for the Delineation of Groundwater Protection Zones

e technical training courses for Moroccan executives leading to a "Higher
Education Certificate in Engineering and Water Resources Management" with
the assistance of the National School of State Public Works.

This action will be followed by a new 1999-2001 program based on three main
actions:

e the continuation of the assistance to the Oum Er Rbia Basin Agency with the
formulation and drawing up of administrative and financial procedures linked
to the first meeting of the Board of Directors;

e the setting-up of a basin information system to allow for quick access to
information on the state of water resources;

o the development of an effective flood warning system in the Oum Er Rbia
basin which is likely to be extended to the whole country.

The implementation and co-ordination of all these co-operation actions are carried
out, on the French side, by a steering committee led by the Water Directorate of the
Ministry for the Environment, including the Adour-Garonne Water Agency and IOW
which provides the secretariat.

Further information is available at:
International Institute for Water Administration
Fax : +33 4 936544 02

E-mail : aquacoope@oieau.fr

3. Which restrictions are imposed on land use activities in the protection zones
?

No information.

| 4. How are the restrictions being enforced ?

No information.

5. Which methods are being used for the delineation of groundwater protection
zones ?

No information.

| 6. What are the sizes of zones 1, 2 and 3 ?

No information.
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| 7. Which other measures are in place to protect the groundwater resources ?

No information.

8. Is a groundwater monitoring network for groundwater quality control
established and functional ?

No information.

| 9. Have maps of groundwater vulnerability been prepared ?

No information.

10.  Are guidelines/laws/by-laws in place to control the quality of emissions into
surface and groundwater (sewage water/effluent standard) ?

The application Decree (N°2-97-875, dated February 4, 1998) referring to the water
law 10-95 related to the use of wastewaters stipulates that no wastewater can be
used if it has not been beforehand recognized as treated wastewater. The use of raw
wastewaters is thus banished.

For the reuse of wastewater, Law 10-95 stipulates in its article 57, that the
administration defines, in particular, the necessary conditions for wastewater reuse
and to obtain the authorization for reuse. It also stipulates that every user of
wastewater can benefit of the state's financial aid and of a technical aid from the
Basin's Agency if the usage is in conformity with the conditions fixed by the
administration and contribute to the saving of water and the preservation of water
resources against pollution.

Law 10-95 stipulates in its article 84, that using wastewater for agricultural purposes
is prohibited when the water does not respect the standards fixed by the law. These
standards are currently being prepared at the national level by the Norms and
Standards Committee (NSC).

Industrial discharges are not well regulated and industries are not requested to
conduct self-monitoring and compliance.

The Law 10-95 in articles 52 and 54 prohibits the discharge of waste water or solid
waste, or the spreading or hiding of any effluents likely to pollute underground water
through infiltration or surface water through runoff, in a way that is likely to modify the
physico-chemical or bacteriological characteristics without preliminary authorization,
after investigation, by the Basin Agency. The Law also fixes a penalty fee.
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Is there a law/by-law/guideline for the design and monitoring/control of waste

11.
disposal sites ?

The Department of Environment has prepared a Solid waste management and

disposal law.

12.  Is there a law/by-law/guideline for the use of pesticides/fertilizers in

agriculture ?

No information.
Is there a law/by-law/guideline for environmental protection/environmental

13.

impact assessment ?

The Department of Environment has prepared an Environment Law and an
Environmental Impact Assessment law and decree, which have, however, not yet

passed.

How are groundwater protection demands integrated into land use planning ? |

| 14.

No information.
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3 Groundwater Protection Zone Delineation in Tunisia

(modified after Djemili El Batti, Director-General of Water Resources, various World
Bank reports and FAO Aquastat)

General Aspects

Tunisia has a total area of 193,610 km?, of which 11,160 km?, almost 7%, consist of
lakes and shats (salty depressions).

The country can be divided into four physiographic regions:

e The North-western Mountains, which are located at the eastern end of the two
mountain ranges, the Atlas El-Talli and the Desert Atlas, which extend from
Morocco through Algeria and reach a peak at 1,500 metres in Tunisia. This
area is crossed by permanent rivers;

e The Southern Mountains, which slope towards the east to the Coastal Plains
and towards the west to the Desert Plains and are covered by sand dunes;

¢ The Coastal Plains which run close to the Mediterranean Sea as wide plains;

e Desert Plain. This plain forms the northern boundary of the Sahara Desert. A
number of shats exist in this plain, the largest one being the Shat El-Jarid with
an area of 5,000 km? at a minimum elevation of 15 meters below sea level.

The cultivable area is estimated at 8.7 million ha, which is about half the total area of
the country. In 1993, the cultivated area was estimated at 4.25 million ha.

The total population is 8.9 million (1995) with an annual growth rate of less than 2%.
The importance of the agricultural sector in the economy decreased from 1960 to
1994: in 1960 it accounted for 24% of the country's GDP, while in 1994 this figure
had fallen to 16%.

Water Resources

The hydrographic system is dense in the north where the Medjerda wadi is the most
important water course. This is also the zone where the principal irrigation
development and flood protection works have been carried out.

Surface water resources have been estimated at 2.91 km3/year, of which 2.31 km?
are produced internally. About 1.5 km?3year are exploitable at present through
reservoirs. It will be possible in the future to exploit another 0.6 km?3/year, but the
remaining part could only be used by means of large water conservation works and
groundwater recharge systems. At present, there are 18 large dams and 22 hillside
dams. Presently 81% of the surface water resources are mobilized.

Internal renewable groundwater resources have been estimated at 1.21 km?®/year. At
present, there are 83,000 open wells and 1,830 tubewells. Two categories of
groundwater resources can be distinguished in function of the depth:
e when the water table is above 50 meters, groundwater is defined as phreatic
and can be used for private exploitation (with some restrictions). The potential
has been estimated at 669 million m3/year;
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e below 50 meters of depth, the groundwater has been reserved for public
exploitation. Potential has been estimated at 1,170 MCM/year, of which 630
MCM is fossil water.

Presently 88.5% of the renewable groundwater resources are exploited. For the past
20 years, reuse of treated wastewater has taken place. In 1993, 96 MCM was
treated, of which 20 MCM was reused. It is planned to increase the treatment to 200
MCM/year by the year 2000.

In 1990, water withdrawal was estimated at about 3.1 km?3/year, of which 88.7% for
agricultural purposes (8.5% is withdrawn for domestic use and 2.8% for industrial
use). However, the amount of water withdrawn depends to a large extent on the
quantity and the distribution of the precipitation. In particular, irrigation water
withdrawal varies in function of the rainfall and of the area actually irrigated within the
public irrigation network. Of the total of 3.1 km? of water used annually, only 1.9 km?
are estimated to be actually used.

In 1992, the rural population with access to good drinking water within a distance of 3
km was estimated at 65 %, while 91 % of the urban population was connected to the
drinking water supply network.

The irrigation potential has been estimated at 563,000 ha, based on land and water
resources. In 1991, the water managed area was estimated at 385,000 ha. The
average annual growth of irrigation development is about 2 %, which means that at
this rate full potential will have been achieved by the year 2010.

Large-scale public irrigation schemes are managed by the state while medium-scale
public irrigation schemes are managed by users associations (AIC or Associations
d'intérét collectif). The services of the state or AIC are in charge of the operation and
maintenance of the irrigation network as well as of the distribution of water to the
farmers, applying a water charge according to volume. However irrigation water is
still subsidized by the state for up to 20-30% of its real exploitation cost.

Irrigation water is quite saline (1.5-4.0 g/l), but the degree of salinization of the
irrigated soils is not yet a serious problem due to the low intensification. A monitoring
system has been set up for all the schemes with a high risk of salinization.
Subsurface drainage is not very developed (162,000 ha) and is limited to soils with a
high water table (schemes in the north).

Institutional Aspects

The Ministry of Agriculture, Environment and Water Resources (Ministére de
I’Agriculture, de 'Environnement et des Ressources Hydrauliques; MAERH), founded
in September 2002, is the main institution involved in the water sector. The main
General Directorates in charge of water are:

e The General Directorate of Water Resources (DGRE or Direction Générale
des Ressources en Eau), which is in charge of the monitoring, evaluation and
research of water resources in regarding their exploitation and protection;

e The General Directorate of Rural Engineering (DGGREE or Direction
Geénérale du Génie Rural et de I'Exploitation des Eaux), which is responsible
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for irrigation, rural equipment and for drinking water supply to the rural
population;

e The General Directorate of Dams an Large Hydraulic Works (DGBGTH or
Direction Générale des Barrages et des Grands Travaux Hydrauliques), the
main activity of which is conducting general hydraulics studies and studies
concerning the use of surface water, the construction of dams, the
development of large-scale water schemes and management of the dams;

e The Regional Commissions for Agricultural Development (Commissariats
Régionaux de Développement Agricole ; CRDA);

e The National Society for Exploitation and Distribution of Water (Société
Nationale d’Exploitation et de Distribution des Eaux; SONEDE) a semi-private
agency for urban water supply, under the supervision of the MAERH. It also
operates water desalination plants;

e The Society for Canal Water Use in the North (Société d’Exploitation du Canal
et des Adductions des Eaux du Nord; SECADENORD) which is another semi-
private water agency operating the canals in the north;

e The Water User Associations (Groupements de Développement d’Intérét

Collectif; GDIC) which are under the supervision of the regional authorities
(Governor) and the MAERH,;

e The National Office of Sanitation (Office National de I'Assainissement; ONAS)
which is in charge of waste water management;

e The National Agency for Environmental Protection (Agence Nationale de
Protection de I'Environnement; ANPE), created in 1988 and under the
authority of the MAERH, is responsible for drafting the government policy
related to all environmental issues, for proposing action plans for
environmental protection, for preparing and conducting contingency plans in
case of accidental pollution, for promoting environmental protection, for
coordinating all national and international activities in the field of
environmental protection and for the management of hazardous wastes.

Other ministries involved in water management and protection are:

e The Ministry of Equipment, Housing and Utilities (Ministére de 'Equipement,
de I'Habitat et de ’TAménagement du Territoire ; Direction de I'Hydraulique
Urbaine : D.H.M., et 'Agence de Protection et de ’Aménagement du Littoral :
APAL) ;

e The Ministry of Public Health (Ministere de la Santé Publique ; Direction de
I'Hygiéne du Milieu et Protection de 'Environnement : DHMPE) ;

e The Ministry of Interior and Development (Ministére de I'Intérieur et du
Développement);

e The Minstry of Tourism, Commerce and Handicraft (Ministére du Tourisme, du
Commerce et de I'Artisanat; Office du Thermalisme) watches over the safety
of bottled mineral waters and the protection of touristic zones.

e The Ministry of Justice and Human Rights (Ministére de la Justice et des
Droits de ’'Homme) watch over the proper execution of legal matters by the
water police.

The regional agricultural development offices (CDRA or Commissariat regional de
développement agricole), linked to the Ministry of Agriculture, are the institutions
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responsible at regional level for the development of public irrigation schemes. The
management of these schemes is shared between CDRA and AIC.

The water code (Code des Eaux; loi n° 75-16), promulgated in 1975, determines all
interventions in the water sector.

Trends in Water Resources Management

The strategy for the future use of water, adopted in 1990, aims at the development of
90% of surface water resources and 100% of groundwater resources by the year
2010, by means of the construction of 21 dams, 235 hillside dams and 610 deep
tube-wells.

This improvement in the control of water resources is associated with the agricultural
development of the irrigation schemes. The objectives of the country are at present
to encourage the adoption of water saving techniques, to favour the reuse of treated
wastewater for irrigation, to expand the irrigated areas and to set up the related
activities necessary for agricultural development and a better use of irrigation
schemes.

SSS5355353555355 L L L LKL L LKL L L L Ll Ll

1. Is there a law in place to allow for the delineation of groundwater protection
zones ?

The Water Law of 1975 allows for the declaration of four different types of protection
zones (see under 3). Article no. 1 of the Water Law allows for the declaration of
public hydraulic domains (domaine public hydraulique).

| 2. Have groundwater protection zones already been established (how many) ? |

No information.

3. Which restrictions are imposed on land use activities in the protection zones
?

The Water Law distinguishes between prohibition zones (périmetre d’interdiction;
articles 12, 13, 14), safeguarding zones (périmétres de sauvegarde ; article 15),
water supply zones (périmétres d’aménagement et d’utilisation des eaux ; article 16)
and protection zones (périméetres de protection ; articles 120 -123).

Prohibition zones: are declared in areas where the quality and quantity of water is at
risk and needs to be preserved. So far 9 prohibition zones have been declared.

The following restrictions may be imposed:
e all drillings of new water wells are prohibited; the replacement of existing
wells or their rehabilitation needs approval from the MAERH;
e the extractable amounts may be adjusted for each well by the MAERH in
order to attain a sustainable management of the resource;
e existing water utilities may partially or completely be removed;
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e works conducted not in conformity with official prescriptions may be
punished.

Safequarding zones: may be declared by decree in areas where abstraction risks to
endanger the conservation of the quantity and quality of the water resource, based
upon decisions of the Public Water Domain Commission (Commission du Domaine
Public Hydraulique). Until now, 16 such zones have been declared. All work related
to the research and exploitation of the groundwater resource needs the approval of
MAERH, except for work conducted at existing water abstraction facilities.

Prohibition and safeguarding zones have been declared in the highly overexploited
aquifers of the coastal zone of Cap Bon, the Sahel and around the cities of Sousse
and Sfax as well as for certain aquifers in the vicinity of Kairouan, Sidi Bouzid, Gabes
and Kébili.

Water supply zones : may be declared upon recommendation by the National Water
Council (Conseil National de 'Eau) in the form of an ordinance by the MAERH in
such zones where the water resources are or risk to be insufficient for meeting the
actual or projected needs. The ordinance needs to define the distribution of water
resources in this zone and may define part or the entire zone as public utility
(domaine d'utilité publique; DUP). Free access to these sites and the right to conduct
any necessary work and monitoring must be granted to the authorities in such zones.

Protection zones: may be declared for water wells, reservoirs or dams. An ordinance
for the protection of wells may be issued by the MAERH defining three different zone:
e an immediate protection zone (périmetre de protection immédiat), which has

to be acquired by the state and enfenced. If declared as public utility domain
(DUP) the land of the immediate protection zone has to be appropriated by the
state;

e a near protection zone (périmétre de protection rapprochée), where the
disposal of wastes and all other activities possible leading directly or indirectly
to the contamination of water resources are prohibited. The restrictions are
specifically named in each ordinance issued jointly by the MAERH an the
Ministry of Public Health;

e adistant protection zone (périmétre de protection éloignée), where the
disposal of wastes and other activities may be prohibited.

In case the imposed restrictions in zones 1, 2 or 3 render the land unusable for the
current owner, the owner may seek expropriation.

For dams and reservoirs destined at drinking water supply, the following protection
zones may be declared:

e An Immediate Protection Zone (périmétre de protection immédiate):
encompassing all neighboring area less than 10 m from the high water line of
the dam or reservoir. This land has to be appropriated by the state;

e A Service Zone (zone de servitude): encompassing all neighboring area less
than 50 m from the high water line of the dam or reservoir. All activities
possibly leading to the direct or indirect contamination of the water resource
are prohibited.
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| 4. How are the restrictions being enforced ? |

The National Agency for Environmental Protection (ANPE) is enforcing the Water
Law. It can impose fined of up to 100,000 Dinars (1 Dollar US = 1,4 Tunisian Dinar)
for any breaching of the law.

If applicable, the ANPE will apply the polluter-pays-principle. In other cases, the
ANPE may use the fund for land reclamation (Fonds de Dépollution; FODEP) for
clean-up operations. In this line, the ANPE has established a program for the
provision of treatment plants for tanneries.

Any enforcement, however, rests at the responsibility of the water police, which is still
insufficiently equipped.

5. Which methods are being used for the delineation of groundwater protection
zones ?

No information.

| 6. What are the sizes of zones 1, 2 and 3 ?
Compare 3.
| 7. Which other measures are in place to protect the groundwater resources ? |

The DGRE prepares so-called maps of potential pollution sources (carte des sources
potentielles de pollution hydrique; first edition : 1978, third edition : 1996, scale:
1:50,000) which show all potential sources for chemical and bacteriological
contamination. They also show all exploited water sources and water utilities and
thus help to identify possible pollution sources and design countermeasures against
pollution.

Articles 109 — 139 define modalities for the fight against contamination of water
resources.

The MAERH has prepared a 5-year investment program (presently PISEAU 2001-
2005). This program created a national system for the evaluation of the water
resources (SINEAU), tries to upgrade the national water resources monitoring
system, studies the possibilities of and puts into operation facilities for artificial
groundwater recharge, especially in areas of over-exploitation and prepares plans for
water management.
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8. Is a groundwater monitoring network for groundwater quality control
established and functional ?

DGRE is in charge of a network of 2717 wells for water level monitoring in the
shallow part of the aquifer (less than 50 m deep) and 557 well in the deeper part of
the aquifer (exceeding 50 m depth) which are monitored twice a year (high water
season: April/lMay and low water season: September/October). Monitoring started in
the 1940s.

Water quality monitoring is conducted at 1200 station, of which 729 monitor the
Shallow part and 471 the deeper part of the aquifer at which mainly 2 parameters are
recorded: TDS and nitrate content. Water samples are taken twice a year, during the
same time periods mentioned above.

These data are compiled by the Commissariats Régionaux de Développement
Agricole (CRDA). Based on these data, the DGRE prepares annual reports
(annuaires) for precipitation (since 1969), surface water (since 1974), groundwater
level monitoring (since 1992) and groundwater water quality (since 1997).

The DGRE also publishes annual reports for the exploitation of deep aquifers (since
1972; every 5 years since 1980) and for artificial groundwater recharge (since 1992).

| 9. Have maps of groundwater vulnerability been prepared ? |

A groundwater vulnerability map for the northern part of the country was prepared in
1975 at a scale of 1:500,000. There are no vulnerability maps at larger scales for
urban development centers.

10.  Are guidelines/laws/by-laws in place to control the quality of emissions into
surface and groundwater (sewage water/effluent standard) ?

In 1985 the Ministry of Economy issued a decree (décret n° 85-56) which defines
standards for drinking water, wastewater and emissions to the sea.

11. Is there a law/by-law/guideline for the design and monitoring/control of waste
disposal sites ?

No information.

12. Is there a law/by-law/guideline for the use of pesticides/fertilizers in
agriculture ?

No information.
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13. Is there a law/by-law/guideline for environmental protection/environmental
impact assessment ?

In 1991 a decree (décret n° 91-362) was issued to regulated the procedures for the
application of environmental impact assessments for water, soil and air. Since then
several large environmental impact assessments for water have been conducted,
such as the

o EIA for the impact of water abstractions from and around Ichkeul lake (1992-

1996),

e EIA for the gypsum-phosphate mining tails of the chemical industry at Gabes
(1997-2001),

e EIA for the phosphate washing processes at mining area of Gafsa (1999-
2003).

| 14. How are groundwater protection demands integrated into land use planning ? |

No information.
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4 Groundwater Protection Zone Delineation in Egypt

(modified after KHATER, 2003, NWRC homepage and FAO Aquastat)

General Aspects

Egypt covers a total area of about 1 million km2. Total population is about 64 million
(1999), of which 55% is rural, with annual demographic growth estimated at 2.1 %. In
1993, the total cultivated land was estimated to be 3.24 million ha, or 3.2% of the
total area.

Water Resources

The Nile River is the main source of water for Egypt. Under the 1959 Nile Waters
Agreement between Egypt and Sudan, Egypt's share is 55.5 km?®year. The 1959
Agreement was based on the average flow of the Nile during the 1900-1959 period,
which was 84 km3/year at Aswan.

The total groundwater volume in storage in the Nubian sandstone aquifer is
estimated at 60,000 km*® (1 km® = 1 BCM). The current total extraction amounts to
about 0.5 km?®/year. The volume of groundwater entering the country from Libya is
estimated at 1 km?®/year. Internal renewable groundwater resources are estimated at
1.3 km?/year. This brings the total renewable groundwater resources to 2.3 km3/year
(ESCWA, 2003: 4.1 BCM). The main source of internal recharge is percolation from
irrigation water, and its quality depends mainly on the quality of the irrigation water. In
the northern part of the Delta, groundwater becomes brackish to saline due to sea
water intrusion. About half of the Delta contains brackish to saline groundwater. The
Nubian Sandstone aquifer, located under the Western Desert and extending to Libya,
Sudan and Chad, contains important non-renewable fresh groundwater resources,
already developed in the oasis of the New Valley. Large irrigation schemes pumping
water from the Nubian aquifer are under development in the southwestern part of the
country (Al Aweinat).

In 1994, the quantity of agricultural drainage water flowing back into the Nile River
and becoming available again for withdrawal downstream was estimated at 4
km?3/year.

In 1994, the treatment of domestic wastewater was estimated at 650 MCM/year and
in 1993 about 200 MCM/year of treated wastewater was estimated to have been
reused. The quantity of desalinated water was estimated at only 25 MCM in 1990.

The Table below shows the actual water availability and water use by the different
sectors. Agricultural water withdrawal includes an annual estimated loss of 2
km?3/year due to evaporation from 31,000 km of canals (1.000 km of main canals and
30,000 km of secondary canals).
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Table C-4: Water availability and water use in Egypt in 1993

Water Resources km3/year |Water Use km?3/year
Surface water resources 56.0 Agriculture (incl. evaporation) 47.4
Renewable groundwater resources 2.3 Domestic 3.1
Agricultural drainage water 4.0 Industry 4.6
Reused treated wastewater 0.2 Navigation/regulation 1.8

Total available water resources 62.5 Total water use 56.9

It is estimated that by the year 2000 the total water use will approach 70 km?3/year,
which is more than the actual water availability.

Almost all agriculture in Egypt is irrigated. The total water managed area is 3,246,000
ha, of which more than 90% is in the Nile Valley and Delta.

An extensive National Drainage Program has been carried out over the past 30 years
to control water logging and salinity. The drainage system consists of open drains,
subsurface drains and pumping stations. Of the total irrigated area, 2,931,000 ha
(90%) are drained, of which 1,681,000 ha with subsurface drainage. The subsurface
drained area represents nearly 52% of the total cultivated area and more than 74% of
the cultivated land in the Valley and the Delta.

Institutional Aspects

With the establishment of the Water Research Center (WRC) in 1975 (Presidential
Decree No. 83), the Groundwater Research Institute (GRI) became the Research
Institute for Groundwater (RIGW), one of the eleven Research Institutes under the
WRC. In 1994 the WRC was promoted to University status and renamed the National
Water Research Center (NWRC; www.nwrc.gov.eg/nwrc/). The mission of the RIGW is
to carry out research to support groundwater development and management plans,
in the  framework of the  overall integrated water  resources
development/management, aiming at increasing the contribution of groundwater in
the water and food security programs for growing population of Egypt:

1. Study, outline and propose long-term policies for managing water resources in
Egypt.

2. Solve the technical and applied problems associated with general policies for
irrigation, drainage and water resources.

3. Carry out investigations and research work connected with the extension of
agricultural lands.

4. Find the means for utilizing the water resources of the country in the most
efficient and cost-effective way.

5. Propose measures for environmentally sound development of the irrigation
and drainage systems.
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Table C-5: Responsibilities in the Groundwater Sector in Egypt

Activities Institutions Involved
1. Research on National 1.1 The Research Institute for Groundwater (MWRI)
and Regional Levels 1.2 The Water Resources Research Institute (MWRI)
1.3 The Desert Research Center (MOA)
2. Local Studies and 2.1 The Research Institute for Groundwater
Investigations 2.2 The Water Resources Research Institute

2.3 The Desert Research Center
2.4 Universities and individual consultants

3. Assessment of 3.1 The Research Institute for Groundwater

Groundwater Potential 3.2 The Water Resources Research Institute

4. Policy development 4.1 The Groundwater Sector in cooperation with other sectors in the
and Planning MWRI

5. Licensing of wells 5.1 The Groundwater Sector

6. Design and [depends on the ownership]

implementation (or
supervision)

7. Monitoring, including 7.1 The Research Institute for Groundwater
sampling and analysis 7.2 Ministry of Health (adhoc)
7.3 Individuals (owners)
8. Operation and [depends on ownership]
maintenance
9. Awareness MWRI (GS)
10. Regulation and The Groundwater Sector

enforcement of law

The Ministry of Public Works and Water Resources (MPWWR) is in charge of water
resources research, development and distribution, and undertakes the construction,
operation and maintenance of the irrigation and drainage networks. "The
Groundwater Sector" of this Ministry is responsible for policy development,
regulations and enforcement of laws. At central level, the Planning Sector is
responsible for data collection, processing and analysis for planning and monitoring
investment projects. Water resources development works are coordinated by the
Sector of Public Works and Water Resources. The Nile Water Sector is in charge of
cooperation with Sudan and other Nilotic countries. The Irrigation Department
provides technical guidance and monitoring of irrigation development, including
dams. The Mechanical and Electrical Department is in charge of the construction and
maintenance of pumping stations for irrigation and drainage.

Further to these institutions, other public authorities operate in direct relation to the
MPWWR. They are the High Aswan Dam Authority, responsible for dam operation;
the Drainage Authority, responsible for the construction and maintenance of tile and
open drains; and the Water Research Centre. The Water Research Centre
comprises 12 institutes and is the scientific body of MPWWR for all aspects related to
water resources management.

The Ministry of Agriculture and Land Reclamation (MALR) is in charge of agricultural
research and extension, land reclamation and agricultural, fisheries and animal
wealth development.
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Trends in water resources management

Water demand is increasing due to the increase in population and economic
activities. At present all available fresh water is consumed, except groundwater in the
deserts. This dictates quick responses from professionals to augment available fresh
water and the use of non-conventional water (treated and desalinated water).

Table C-6: Main Problems Pertaining to the Water Sector in Egypt

Issue

Causes

1. Partial utilization of Egypt's
territories.

1.1 Nile valley morphology and type of boundaries.
1.2 Aridity and poor distribution of water resources over the
country area.

2. Unbalanced population
distribution and continuous
immigration from rural to urban
areas.

2.1 Lack of regional plans and facilities/services to the rural
community.

2.2 Continuous decrease of job opportunities in the rural
areas, especially in the farming sector.

3. Lack of suitable potable water
and sanitation in some regions,
especially the rural ones.

3.1 The economic conditions of the country.
3.2 Concentration of activities in the urban
regions/governorates

4. Decrease of per capita
agricultural land area and share in
main food.

4.1 Heritage and distribution of land among the family.
4.2 Poor return from agriculture and transfer to cash crops.
4.3 encroachment of urban areas.

5. Biased distribution of
opportunities among men and
women.

5.1 Cultural, especially in the rural regions.

6. Continuous decrease of per
capita water resources.

6.1 Deterioration of water quality.

6.2 Poor enforcement of water protection legislation.
6.3 Increase of water-intensive cropping.

6.4 Inefficient use of water on the farm level.

6.5 Inefficient water distribution.

6.6 Low efficiency of urban drinking water supply.

The objectives of Egypt's water policy are to:
1) Protect surface water and groundwater from pollution, and prevent deterioration

of water quantity.

2) Control the demand for water.

3) Secure the future water supply from the Nile River by adopting a holistic
approach to water management based on the river basin, integrating all water

resources and use sectors.

4) Locate, identify, and develop new water resources (e.g. rainfall and flash

floods).

5) Raise water use efficiency by: (i) promoting conjunctive use of surface water
and groundwater; (ii) controlling use and depletion of groundwater; and (iii)

promoting water use.

6) Increase water use effectiveness by: (i) establishing planning capacity, including

appropriate planning approaches and tools; (ii) public and stakeholder
participation in all steps of water management, including policy, planning,

design, and implementation; (iii) establishing drought management plans, with
implementation mechanisms; (iv) reviewing and adjusting water use legislation
and regulations for proper implementation of water policy; and (v) engaging and
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mobilizing women and building public awareness about water management by
better communications, in particular, in rural areas.

One important characteristic of Egyptian agriculture is land distribution. More than
95% of the landowners hold less than 2 ha each. Only 3 % own 20 ha or more.

It was planned to develop an additional 920,000 ha for agriculture by 2000. This was
to be achieved through further developing the country's surface water and
groundwater resources, increasing drainage water and treated wastewater reuse,
and improving irrigation efficiency.

Al Salam canal was planned for the reuse of drainage water from two main drains in
the Eastern Delta. This water, added to water extracted from the Damietta branch of
the Nile, will be used for the irrigation of a new area of 252,000 ha in the Eastern
Delta and North Sinai. The total area planned to be developed for irrigation by
different projects in the Sinai is estimated at 630,000 ha.

At present, Egypt and Sudan base their water development plans on the shares
stipulated in the 1959 Nile water agreement between the two countries and on future
conservation projects in the Sudd area in southern Sudan to increase the yield of the
river. However, future developments in upstream countries will have to be taken into
account from the point of view of present shares and any future increments that can
become available from the conservation projects. In any case, the expansion of
irrigation in the Nile basin in the years ahead will require basin-wide cooperation in
the management of water resources to meet increasing demands and to face the
associated environmental consequences.

SSS53535355>55>55 LKL LKL LKL LKL LKL LKL L L L L L LKL

1. Is there a law in place to allow for the delineation of groundwater protection
zones ?

Throughout the past decade, more attention was given to the groundwater protection
aspects in Egypt. The RIGW plays an essential and important role for developing the
groundwater protection criteria that are suitable to apply within Egypt. The
implementation of the National Groundwater Quality Monitoring Network as well as
several local networks help a lot in detecting the main sources of groundwater
pollution within these areas and in preparing groundwater vulnerability, pollution load
and pollution risk maps. Based on the assessment of these maps the necessary
protection actions (preventive, limiting or remedial) are proposed.

Several studies have been carried out to delineate groundwater protection zones
around drinking water supply wells. These studies were carried out on the local scale
in the new communities (Tenth of Ramadan and Sadat Cities), Cairo and Sharqia
governorate (East Nile Delta Region). However, until now no groundwater protection
zones have been implemented in Egypt.
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Groundwater protection measures have been initialized by the introduction of a well
licensing system. Groundwater extractions need to be authorized by a High
Committee formed from high-ranking officials from the Ministry of Water Resources
and Irrigation, and Ministry of Agriculture and Land Reclamation.

Law 48-1982, regarding to the protection of the River Nile and Waterways from
pollution, has been integrated in the Law for the Environment 4-1994. Groundwater is
specifically mentioned as "waterway", also in the implementation regulations of Law
48-1982 (Decree no. 8-1983), where limits are given for different effluents being
discharged in either surface water or groundwater. Compliance with law 48 has
generally been weak, partly because of the imposed high standards. Nevertheless
the law forms a firm base for the protection of the Egyptian groundwater resources
with respect to direct discharge (e.g. by injection through wells). To combat pollution
of groundwater resources from diffuse sources (fertilizers, pesticides etc.) the legal
framework of the two cited laws is insufficient.

Nowadays, an internal committee from the professionals within the Ministry of Water
Resources and Irrigation has been formulated to revise and update Law 48, and
including some items related to groundwater protection.

| 2. Have groundwater protection zones already been established (how many) ? |

No. Studies were conducted for EI Sharqia Governorate and El Sadat City.

3. Which restrictions are imposed on land use activities in the protection zones
?
None yet.
| 4. How are the restrictions being enforced ?

No sufficient information.

5. Which methods are being used for the delineation of groundwater protection
zones ?

Compare Annex C-2 (pages 255-262; studies for delineation of protection zones in
the El Sharqia Governorate and El Sadat City using hydraulic models).

6. What are the sizes of zones 1,2 and 3 ?
Not defined yet.
| 7. Which other measures are in place to protect the groundwater resources ?

No sufficient information.

8. Is a groundwater monitoring network for groundwater quality control
established and functional ?
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A national groundwater level network and a groundwater quality monitoring network
(1998, 200 observation points, 60% in the Nile basin) were established in 1953 and
1998 respectively by RIGW. The monitoring network in the Nile Valley and Delta was
established in 1953. For monitoring the piezometric heads and the groundwater table
till 1987 the RIGW constructed more than 1200 deep and shallow observation wells.
For quality monitoring four sampling rounds have been executed (1998, 1999, 2000
and 2001). In these sampling rounds all the monitoring points were sampled and
analyzed for up to 50 parameters. High concentrations of sulphate and nitrate have
been observed in monitoring points that were located in the reclaimed area in the
fringes of the Nile basin. Salinity levels of the groundwater have increased under
these areas. The salinity is partly caused by leaching of natural salts and partly by
application of gypsum to the soil. This salinity front is moving towards the central
parts of the Nile valley and Delta.

| 9. Have maps of groundwater vulnerability been prepared ? |

In the last ten years, several intrinsic groundwater vulnerability maps were prepared
by the RIGW for the Nile Valley and Nile Delta region on semi-regional (1:500,000)
and detailed (1:100,000) scales (compare Annex C-2).

10.  Are guidelines/laws/by-laws in place to control the quality of emissions into
surface and groundwater (sewage water/effluent standard) ?

No information.

11.  Is there a law/by-law/guideline for the design and monitoring/control of waste
disposal sites ?

No information.

12. Is there a law/by-law/guideline for the use of pesticides/fertilizers in
agriculture ?

No information.

13. Is there a law/by-law/guideline for environmental protection/environmental
impact assessment ?

No information.

| 14. How are groundwater protection demands integrated into land use planning ? |

No information.
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5 Groundwater Protection Zone Delineation in Jordan

(source: MARGANE et al, 2002 ; MARGANE & SUNNA, 2002 ; FAO Aquastat)

General Aspects
Jordan covers a total area of about 89,210 km? and is divided into eight
governorates: Amman, Zarqa, Irbid, Mafraq, Balga, Karak, Tafileh and Ma'an.

The country can be divided into four physiographic regions:

e the Ghors (lowlands) in the western part of the country, which consist of 3
zones: the Jordan Valley, the lowlands along the Dead Sea and the Wadi
Araba which extends in a southerly direction to the northern shores of the Red
Sea;

¢ the highlands, which run from north to south at an altitude of between 600 and
1,600 m above sea level;

e the plains, which extend from north to south along the western borders of the
desert (Badiah);

e the desert region (Badiah) in the east, which is an extension of the Arabian
desert.

The total population is around 5.47 million (2003), of which 22% (1994) is rural
(Department of Statistics (www.dos.gov.jo/sdb_pop/growth 2005 e.htm). The population
growth is estimated at 2.7% (2003). The cultivable land was estimated at 381,740 ha
in 1992, or 4.3% of the total area of the country. In 1991, the total cultivated area was
estimated at 214,767 ha. Agriculture accounted for 6% of Jordan's GDP in 1992 and
for 12% of its exports earnings.

Water Resources

Surface water resources are unevenly distributed among 15 basins. The largest
source of external surface water is the Yarmouk River, at the border with Syria.
Originally, the annual flow of the Yarmouk river was estimated at about 400 MCM (of
which about 100 MCM are withdrawn by Israel). Total flow is now much lower than
400 MCM as a result of the upstream Syrian development works which took place in
the 1980's. The Yarmouk River accounts for 40% of the surface water resources of
Jordan, including water contributed from the Syrian part of the Yarmouk basin. It is
the main source of water for the King Abdullah Canal (KAC) and is thus considered
to be the backbone of development in the Jordan Valley. Other major basins include
Zarqa River, Jordan River side wadis, Wadi Mujib, the Dead Sea side wadis, Wadi
Hasa and Wadi Araba. Internally generated surface water resources are estimated at
400 MCM/year.

Jordan's groundwater is distributed among 12 major so-called groundwater basins.
Total internally produced renewable groundwater resources, the so-called safe yield,
is estimated by the Ministry of Water and Irrigation (MWI) at 277 MCM/year. The
baseflow of the rivers constitutes around 335 MCM, a large portion of which,
however, is of fossil origin, recharged during more humid climatic periods, and thus
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does not reflect present day recharge. Groundwater resources are concentrated
mainly in the Yarmouk, Amman-Zarga and Dead Sea basins.

Most of the ‘safe yield’ is at present exploited at maximum capacity, in some cases
well beyond. The annual deficit in the water balance is estimated at around 230
MCM/yr (MARGANE et al., 2002). Over-extraction of groundwater resources has
degraded water quality and reduced exploitable quantities, resulting in the
abandonment of municipal and irrigation water well fields, such as e.g. in the area of
Wadi Dhuleil. High nitrate contents are observed in the area east of Mafraq (NE-
desert) and south of Amman. Several large springs (e.g. in the Salt area and around
Irbid) are affected by bacteriological contamination, due to insufficient sewage water
collection and treatment.

Table C-7: Groundwater Abstraction in Jordan in 1998

Catchment Area Groundwater
Abstraction (MCM)

Yarmouk and Wadi al Arab 55.6
Jordan River side Wadis 55
Jordan Valley 41.5
Amman-Zarga 145.7
Azraq 55.7
Dead Sea 100.8
Northern Wadi Araba 3.8
Southern Wadi Araba & Disi-Mudawara 70.0

Jafr 21.8
Sirhan 1.5
Hamad 1.3
Total 503.1

The main non-renewable aquifer presently exploited is the Disi aquifer (sandstone;
fossil groundwater resource), in southern Jordan with a ‘safe yield” (remark:
principally fossil groundwater resources should not be considered as amounts of safe
yield because this implies that there would be present day recharge) estimated at
125 MCM/year for 50 years. Other non-renewable water resources are found in the
Jafr basin, for which the annual safe yield is around 18 MCM. In total it is estimated
by the Water Authority of Jordan (WAJ) that the safe yield of fossil groundwater is
143 MCM/year.

Total dam capacity in Jordan is estimated at 143 MCM, including desert dams. The
largest dam, the King Talal dam on the Zarga River, has a total capacity of 80 MCM.
The other main dams are located on the Wadi Araba (20 MCM), Wadi Ziglab (4.3
MCM), Wadi Kafrein (3.8 MCM) and Wadi Shuayb (2.3 MCM). The proposed design
of the Al Wahda (Unity) dam on the Yarmouk River, following a treaty between
Jordan and Syria, allows for a dam of 100 m in height with a gross storage capacity
of about 230 MCM. Another proposed dam is the Karameh dam with a gross storage
capacity of 55 MCM. Following the signature of the Peace Treaty with Israel (1994),
investigations have been initiated to assess the need for future storage facilities on
the Jordan and Yarmouk Rivers.
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The produced wastewater was estimated at 232 MCM/year in 1993 and the quantity
of reused treated wastewater reached 50 MCM, of which 48 MCM are used for
irrigation and 2 MCM for industrial purposes. The reuse of treated wastewater in
Jordan reaches one of the highest levels in the world. The treated wastewater flow in
the country is returned to the Zarga River and the King Tall dam, where it is mixed
with surface water flow and used in the pressurized irrigation distribution system in
the Jordan Valley. The importance of reused wastewater is an essential element of
Jordan's water strategy.

In 1993, total annual water withdrawal was estimated at 984 MCM, up from 619 MCM
in 1986. Agricultural water withdrawal accounted for 74.9 % of the total water
withdrawal (73.9% for agriculture and 1% for lifestock, industrial and domestic use
accounted for 3.4% and 21.7%, respectively) including the use of treated wastewater.
Due to limited and widely scattered sources of water, the construction of important
water conveyance facilities was undertaken between 1962 and 1987 in order to meet
the demand of the population which is concentrated in some areas. Some shortages
have been observed during recent years, but they are generally limited to less than
10% of the demand. However, during the dry year of 1990, the water shortage
affected 17% of the water demand.

The level of the Dead Sea falls each year by 85 centimeters due to extensive water
use in the Jordan basin. Irrigated soils along the Jordan Valley are showing signs of
salinization since natural floods are no longer available to flush the irrigated land and
leach salts.

The potential for irrigated cultivation is estimated at around 840,000 ha. However,
taking into consideration potentially available water resources, the irrigation potential
is only about 85,000 ha, including the area currently irrigated.

Although irrigation has been practiced in Jordan for a very long time, particularly in
the Jordan Valley, intensive irrigation projects have been implemented since 1958
when the Government decided to divert part of the Yarmouk River water and
constructed the East Ghor Canal (later named King Abdullah Canal). The canal
reaches a total length of 110.5 km. Apart from in the Jordan Valley, irrigation is also
practiced in the highlands, mainly dependent on groundwater resources.

In 1995, the total area equipped for irrigation was estimated at 72,850 ha. One of the
main sources of water is the King Talal dam on the Zarqa River from which water is
diverted into the King Abdullah Canal.

In 1992, it was estimated that about 55% of the area was irrigated from groundwater,
39% from surface water and 6 % from treated wastewater. The Disi irrigation project,
one of the largest schemes in Jordan covering a total area of 3,000 ha, is supplied
with fossil groundwater.
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Institutional Aspects
The following ministries/institutions are involved in the water sector in Jordan:

e The Ministry of Water and Irrigation (MWI1), with the Ministry of Water and
Irrigation (as a separate entity), the Water Authority of Jordan (WAJ) and the
Jordan Valley Authority (JVA) as its operational entities;

e The Ministry of Agriculture;

e The Ministry of Municipal and Rural Affairs and the Environment (MMRAE).

The Ministry of Water and Irrigation is the body responsible in Jordan for the
formulation and implementation of water and wastewater development programs.
Water policies, covering all aspects of the water sector, were issued in 1998 (file
Jordan Water Strategy & Policies.doc on CD.

Municipal water use was made more systematic with the creation of the Water
Authority in 1985. Prior to that, many agencies and municipalities were responsible
for the production and distribution of municipal water.

Trends in water resources management

Jordan's past economic development plans reveal that surface water resources have
been extensively developed by the Government, with priority given to the
construction of dams and irrigation projects in the Jordan Valley in order to maximize
the utilization of this resource before its drainage to the Dead Sea. Limited additional
untapped surface water resources could be developed in the Jordan Valley side
wadis and in the Mujib, Zarqa, Ma'an and Zara basins, subject to specific conditions.

Jordan, Israel and the West Bank are presently over-exploiting their water resources
by between 10 and 20%. Water levels are dropping, groundwater resources are
being mined, salinization and salt water intrusion are observed and the domestic
water supply does not reach adequate standards. The following actions are
envisaged to remedy this crisis:

e reduction of water demand for irrigation;

e importation of water from water-rich countries like Turkey;

e desalinization of brackish water (in the southern Jordan Valley) and sea water

(Aqaba).

As part of the efforts towards joint management of water resources, the Jordanian-
Israeli Peace Treaty includes the following arrangements:
e 20 MCM of Yarmouk water will be stored by Israel in the winter and released
to Jordan in the summer;
e 10 MCM will be released from the Tiberias Lake outside the summer season
for Jordan until the construction of a desalinization plant;
e construction of storage facilities on the Yarmouk and Jordan Rivers and
groundwater potential in Wadi Araba are under investigation;
e 50 MCM of drinking water should be further allocated to Jordan through
cooperation between both parties.

Although the potential for irrigation development in the highlands is great, a very
small increase in irrigated agriculture is anticipated due to the unavailability of water
resources. The average water consumption for irrigation in the Jordan Valley and
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southern Ghor is less than 10,000 m3/ha per year, which is much less than in the
highlands where it reaches on average 16,000 m*ha per year.

Some of the water resources which would be made available for irrigation purposes
are recycled water from municipal wastewater treatment plants. The total quantity of
reused treated wastewater is expected to grow from 50 MCM in 1993 to about 89
MCM in 2000 and 237 MCM in 2020.

Future projects include the construction of storage facilities on major rivers and side
wadis (the Al Wahdah, Karameh, Walah, Tannur, Mujib and Yabis dams) to alleviate
part of the water shortages for agricultural activities. The total yield of these dams for
agricultural purposes will be about 200 MCM/year.

Water harvesting techniques are not yet widely practiced in Jordan. However, small

research pilot projects are trying to see whether this technique would suit the
country's characteristics.

SSS53535555>5535 LKL L LKL LKL LKL LKL LKL L L L LKL

1. Is there a law in place to allow for the delineation of groundwater protection
zones ?

The present water law is insufficient to support the issuance of ordinances pertaining
to groundwater protection zones. It was therefore proposed to amend the law by
adding a by-law on water protection. A national guideline for the delineation of
groundwater protection zones was proposed within the framework of the new
Jordanian-German Technical Cooperation project ‘Groundwater Resources
Management’ (MARGANE & SUNNA, 2002). A committee was formed upon order of
the Prime Minister that will decide on further steps concerning groundwater
protection zones. This committee comprises high-ranking officials from all major
ministries involved in the issue.

| 2. Have groundwater protection zones already been established (how many) ? |

Protection zones for the Pella spring were established in 2000, based on a report by
MARGANE et al. (1999). Within the framework of the new Jordanian-German
Technical Cooperation project ‘Groundwater Resources Management’, groundwater
protection zones will be established for at least 2 more wells or springs.

3. Which restrictions are imposed on land use activities in the protection zones
?

Not yet decided (see proposal by MARGANE & SUNNA, 2002). Decision to be
expected in late 2003.
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| 4. How are the restrictions being enforced ? |

Concerning the groundwater protection zones for the Pella spring, a fence of irreqular
shape, keeping a minimum distance of 10 m from the spring pools, was erected in
2000, in order to keep out livestock, which previously was regularly watered at the
spring. A waste disposal, established without license in protection zone 2, was
removed completely in 2001.

5. Which methods are being used for the delineation of groundwater protection
zones ?

Jordan is a country dominated by aquifers in carbonatic rocks. Karst phenomena play
a significant role, especially in areas with high rainfall, i.e. in all of the highlands. Flow
may reach very high velocities in such areas, which must be taken into consideration
by any method used. It was proposed to use the EPIK method, commonly use for
groundwater vulnerability mapping, for the delineation process of groundwater
protection zones in case where karst phenomena are significant. In other hard rocks,
where flow velocities are controlled by faults and fractures, a flow regime analysis
must be based on a tectonic analysis. In unconsolidated rocks where groundwater
flow is homogeneous, traditional methods could be used (compare MARGANE &
SUNNA, 2002).

| 6.  What are the sizes of zones 1, 2 and 3 ? |

Not decided yet (compare proposal by MARGANE & SUNNA, 2002). Establishment
in progress.

| 7. Which other measures are in place to protect the groundwater resources ? |

Military sites fall under the jurisdiction of the Ministry of Defense. No other
Governmental authority has any rights on land owned by the Ministry of Defense.

Issues related to transportation are regqulated by Law No. 14 for the year 1984
(Traffic Law).

The Natural Resources Law of the year 1968 regulates the exploitation of mineral
resources and land reclamation. The operation of quarries is requlated by Law No.
21 for the year 1971 (Quarries Law).

The operation of facilities related to energy generation and conveyance is requlated
by Law No. 10 of 1996 (Electricity Law).

Issues related to the establishment of commercial or industrial buildings are
regulated in a number of laws:
e Law No. 79 for the year 1966 (Organizing Cities, Villages and Buildings Law);
e Law No. 29 for the year 1955 (Municipalities Law);
e Law No. 16 for the year 1953 (Crafts and Industries Law);
e Law No. 59 for the year 1985 (Industrial Cities Corporation Law).
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A committee involving members of all relevant government authorities regularly
meets to discuss and decide about locations for future sites and land use activities
with possibly contaminating effects. This committee is headed by the Ministry of
Environment (formerly General Corporation for Environmental Protection).

8. Is a groundwater monitoring network for groundwater quality control
established and functional ?

A countrywide monitoring network for water levels was established in the early 1970s
(MARGANE, 1995; MARGANE & ALMOMANI, 2002). Approximately 177 observation
wells are currently being monitored throughout the country. To another 60 wells
monitoring data are available where observation has been discontinued. Monitoring
is conducted by automatic recorders, pressure-transducers or manually (once a
month).

Groundwater quality monitoring is conducted by different authorities and for different
purposes: the Water Authority of Jordan (Central Laboratory), the Ministry of Water
and Irrigation. Groundwater quality monitoring has been conducted routinely since
1970s and historical data are available in the MWI database. However, water
sampling and analysis are not following a scheduled program and fixed procedures.
The frequency of sampling within each year is also irregular. Consequently, for many
important groundwater sources, water quality records are not continuous so that
historical data can only be used to a limited extent. Presently regular (at least once or
twice a year) monitoring is conducted at 278 wells and springs. The records show a
strong increase in TDS and nitrate contents in many areas of Jordan.

| 9. Have maps of groundwater vulnerability been prepared ? |

Until now two groundwater vulnerability maps of urban growth centers at a scale of
1:100,000 were prepared:
o Groundwater vulnerability map and map of hazards to groundwater of the
Irbid area (MARGANE et al., 1997); and
o Groundwater vulnerability map and map of hazards to groundwater of the
South Amman area (HIJAZI et al., 1999).

Two more such maps will be prepared within the framework of the Jordanian-German
Technical Cooperation project ‘Groundwater Resources Management’: for the area
Kerak area and for the area around the corridor well field (east of Mafraq).

10.  Are guidelines/laws/by-laws in place to control the quality of emissions into
surface and groundwater (sewage water/effluent standard) ?

Water quality standards have been established by the Jordan Institute of Standards
and Metrology (JISM):
e The Technical Regulation on Drinking Water (Standard No. 286/2001, JISM
2001);
e The Standard for Industrial Wastewater (Standard No. 202/91, JISM 1991);
e The Standard for Treated Domestic Wastewater (Standard No. 893/95, JISM
1995).
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11.  Is there a law/by-law/guideline for the design and monitoring/control of waste
disposal sites ?

No.

12.  Is there a law/by-law/guideline for the use of pesticides/fertilizers in
agriculture ?

No.

13. Is there a law/by-law/guideline for environmental protection/environmental
impact assessment ?

The Environment Law was finally passed in April 2003. A Ministry of Environment is
presently being established.

| 14. How are groundwater protection demands integrated into land use planning ? |

The integration of water protection demands into the land use planning process is
insufficient until now. In some areas a ‘watershed committee’ was established
comprising member of the local and regional authorities to facilitate an integration of
this issue.

Vol-5_Guideline-Groundwater-Protection-Zones.doc Page 212



ACSAD-BGR Technical Cooperation Project
Management, Protection and Sustainable Use of Groundwater and Soil Resources in the Arab Region
Volume 5 - Guideline for the Delineation of Groundwater Protection Zones

6 Groundwater Protection Zone Delineation in Syria

(modified after MISKI, A.F. (retired water expert at ACSAD & DWSSA/Ministry of
Housing and Utilities) & SHAWAF, S. (retired Director of Public Water Pollution
Control Directorate, Ministry of Irrigation); KHOURI, 2000; and FAO Aquastat)

General Aspects

Syria covers a total area of 185,180 km?. The Syrian Arab Republic is divided into 14
administrative units (Governorates or Mohafazat): City of Damascus, Suburban
Damascus, Homs, Hama, Aleppo, Latakia, Tartous, Idlib, Raqqa, Dair Es Zhor,
Hasaqeh, Dera’a, Suwaida, Quanaitra.

The country can be divided into 4 physiographic regions:

o the coastal region between the mountains and the sea;

e the mountains and the highlands extending from north to south parallel to the
Mediterranean coast;

e the plains, or interior, located east of the highlands and including the plains of
Damascus, Homs, Hama, Aleppo, Al-Hassakeh and Dara'a;

e the Badiah and the desert plains in the south-eastern part of the country,
bordering Jordan and Iraq.

In 1993, the cultivable land was estimated at 5.94 million ha, or 32 % of the total area
of the country. The cultivated land was estimated at 4.94 million ha (FAO Aquastat;
WORLD BANK, 2001a: 5.5 million ha), which is 83% of the cultivable area.

The total population is 14.6 million (1995), of which 48% is rural. Actual population
growth is 3.3%.

Syria is divided into 7 hydrological basins: Barada and Awaj, Yarmouk, Assi, Coastal,
Tigris and Khabour, Euphrates, Badia.

The natural average surface runoff to Syria from international rivers is estimated at
28,730 MCM/year. The water resources generated inside the country are estimated
at around 9,700 MCM per year as the long-term average. Groundwater recharge is
about 4,200 MCM/year, of which about 2,000 MCM/year discharges into rivers as
spring water. Total groundwater transboundary inflow has been estimated at 1,350
MCM/year, of which 1,200 MCM from Turkey and 150 MCM from Lebanon.

There are 160 dams in Syria with a total storage capacity of 18 BCM. The largest
dam is the Al-Tabka dam on the Euphrates with a storage capacity of 14,160 MCM
(WORLD BANK, 2001a).

Total annual water withdrawal in Syria in 1993 was estimated at 14.41 km?3/year, of
which agricultural use accounted for 94.4% (3.7% is withdrawn for domestic use and
1.9% for industrial use). The treatment of domestic wastewater is carried out mainly
in the towns of Damascus, Aleppo, Homs and Salamieh. The total amount of treated
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wastewater was estimated at 0.37 km3/year in 1993, which represents 60% of the
total produced volume of 0.61 km3/year. All treated wastewater is reused.

In 1998, the total area equipped for irrigation was estimated at 1.2 million ha
(WORLD BANK, 2001a). Irrigation is mainly developed in the north-eastern part of
the country and more than one-third of the irrigated areas are located in the Al-
Hassakeh governorate. In 1993 it was estimated that 60.2% of the area was irrigated
from groundwater and 39.8 % from surface water. The use of groundwater for
irrigation has been expanding rapidly in the past five years because irrigation from
groundwater is cheaper than irrigation by gravity. Irrigation efficiency is still rather
low, with sprinkler irrigation applied on around 80,000 ha and drip irrigation on 8,500
ha, only.

The cost of operation and maintenance of irrigation schemes by surface water is
recovered from the farmers. Presently (1999) this charge is set to 3,500 SP/ha.
Farmers irrigating with groundwater do not pay any charges. The absence of
appropriate irrigation tariffs on a volumetric basis and subsidized energy costs do not
support modernizing irrigation systems. Subsidizing certain agricultural products has
also contributed to substantial irrigation water use in low-value crops like wheat and
maize.

Institutional Aspects

Water is considered as a public property, owned by the Government. The major
player in the water sector is the Ministry of Irrigation (MI) that was established in
1982. In 1986 General Directorates of Irrigation were established for each of the
seven hydrologic basins.

There are 4 other organizations involved in the water sector in Syria:

e the Ministry of Agriculture and Agrarian Reform, Directorate of Irrigation and
Water Uses;

¢ the Ministry of Housing and Public Services, Directorate of Water Supply and
Waste Water being responsible for water supply and sanitation;

¢ the State Planning Commission, Section: Irrigation and Agriculture Sector;

e the Ministry of Environment;

e the State Environmental Affairs Commission, Section: Water Environment
Safety Sector.

The Ministry of Irrigation is in charge of the study of water resources, their protection
from depletion and pollution, of irrigation, dams, planning, research, operation and
maintenance and pollution control. Allocation of water to agriculture is one of the
main tasks of the ministry and it is thus responsible for the study and implementation
of irrigation water structures and irrigation schemes. The Directorate of Irrigation is
involved in water resources studies and surveys, water legislation and sharing
international waters. There are three other departments under the responsibility of
the Ministry of Irrigation: the Euphrates Basin Development Authority, the Euphrates
Basin Land Reclamation Authority and the General Company of Major Water
Resources Studies. Under the Ministry of Irrigation there are seven General
Directorates, one for each of the seven hydrological basins.
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The Ministry of Irrigation also is in charge of groundwater monitoring and the issuing
of licenses for groundwater well drilling. In some areas with a high concentration of
wells, such as parts of the Aleppo and Salamieh areas, the water table is dropping.
The Ministry is exploring means of increasing the recharge of the shallow aquifers.

The Ministry of Housing and Utilities (MHU) is responsible for setting the master
plans for all cities, town and villages as well as for providing drinking water and
sewerage facilities to them. Even though the MHU is principally responsible for water
supply and sanitation, its power is limited due to the fact that planning, design,
implementation and operation of water supply and sanitation schemes is in the hand
of the relatively independent Governorate’s Water Supply and Sewerage Authorities
(WSSA). The water resources are allocated to the MHU's WSSAs by the MI’s
General Directorates. There is some duplication of tasks between the MI and the
MHU, e.g. in the field of groundwater monitoring.

The Ministry of Agriculture and Agrarian Reform, through its Directorate of Irrigation
and Water Uses deals with issues of irrigation efficiency and the allocation of land to
be irrigated/cultivated.

The role of the Ministry of Environment is defined by law no. 50 of the year 2002
(28.07.2002). It is concerned with the monitoring, control and protection of the air,
water and soil quality.

At the local level, the city and town councils have competence over all works within
its administrative responsibility under the supervision of the governorate council.
They establish water supply services and are involved in the planning and
implementation of agricultural and water project in cooperation with the agricultural
cooperative associations.

Water Resources

The following numbers on water resources and uses are adopted from MARTIN
(1999). According to this report, the renewable water resources are distributed as
follows:

Table C-8: Renewable Water Resources of Syria

Basin Renewable Water Resources (MCM/yr)
Euphrates Surface Water >5262
Groundwater 1424
Total 6686
Khabour Surface Water ?
Groundwater ?
Total >1800
Tigris Surface Water 2500
Groundwater 0
Total 2500
Steppe Surface Water 209
Groundwater 182
Total 391
Yarmouk Surface Water 195
Groundwater 265
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Basin Renewable Water Resources (MCM/yr)
Total 460
Barada & Awaj Surface Water 719
Groundwater 272
Total 991
Orontes Surface Water 650
Groundwater 1607
Total 2257
Aleppo Surface Water 273
Groundwater 222
Total 495
Coastal Surface Water 1557
Groundwater 741
Total 2298
Total >17878

The non-conventional water resources are assumed to be:

Table C-9: Non-Conventional Water Resources of Syria in 1997

Basin Wastewater Reuse | Irrigation Return Flow Total Non-
Conventional Water

Euphrates ? 1040 >1040
Khabour ? 806 >806
Tigris ? 37 >37
Steppe ? 42 >42
Yarmouk ? 64 >64
Barada & Awaj >177 135 >312
Orontes >40 400 >440
Aleppo >95 140 >235
Coastal ? 243 >243
Total >317 2905 >3219

The estimate for domestic water use in 1997 is not based on metered flow but on

population statistics,

assumed average consumption values and assumed

unaccounted-for water percentage values per capita for each governorate, and is
therefore only a very rough estimate (JICA, 1997: 1,390 MCM):

Table C-10: Domestic Water Consumption in Syria in 1997

Basin Domestic Water Use (MCM/yr)
Euphrates 132
Khabour 36
Tigris 2
Steppe 57
Yarmouk 50
Barada & Awaj 294
Orontes 151
Aleppo 160
Coastal 75
Total 957

Even more difficult is the estimation of water use in agriculture. In 1997 about 60% of
the irrigated area depended on groundwater. The number of licensed wells was
72,375, whereas more than 65,983 (official number) unlicensed wells existed in
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Syria. Since no records of water abstraction from these wells exist, agricultural uses
can only be estimated using irrigated land area, crop distribution/production, cropping
patterns, conveyance losses (10%), on-farm losses, and crop water requirements.
The total irrigated land area is estimated to be 1,380,594. The total agricultural
abstraction estimate also is only a very rough estimate (JICA, 1997: 12,750 MCM):

Table C-11: Agricultural Water Consumption in Syria in 1997

Basin Agricultural Water Use (MCM/yr)
Euphrates 4258
Khabour 3226
Tigris 148
Steppe 168
Yarmouk 256
Barada & Awaj 554
Orontes 1601
Aleppo 558
Coastal 887
Total 11656

Water use for livestock breeding is estimated to be around 46.3 MCM/yr. Industrial
water abstractions are also not metered and therefore are equally unreliable. In total
an abstraction of around 420 MCM/yr is estimated (JICA, 1997: 570 MCM).

Table C-12 summarizes the total water uses in Syria for 1997.

Table C-12: Water Uses and Availability in Syria in 1997

Basin Domestic Agricultural Industrial Total Water Renewable
Water Use Water Use Water Use Use Water
(MCM/yr) (MCM/yr) (MCM/yr) (MCM/yr) Resources
(MCM/yr)
Euphrates 132 4258 44 4434 6686
Khabour 36 3226 12 3274 >1800
Tigris 2 148 1 151 2500
Steppe 57 168 19 244 391
Yarmouk 50 256 17 323 460
Barada & Awaj 294 554 98 946 991
Orontes 151 1601 151 1903 2257
Aleppo 160 558 53 771 495
Coastal 75 887 25 987 2298
Total 957 11656 420 13,033 17,878

Trends in water resources management

The agricultural sector is a major source of income, foreign exchange and labor in
Syria. The irrigated area produces over 50% of the total value of agricultural
production on about 18.6% of the cultivated land. A large part of the wheat
production, as well as all major industrial crops including cotton, tobacco and sugar
beet are produced on irrigated farms. The development and utilization of water so far
has been carried out on an ad hoc basis, mainly responding to various demands. The
need to increase food production has resulted in the construction of dams for
irrigating lands under their command; and attractive prices for food crops, particularly
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for wheat recently, have resulted in a rapid increase in wells and the over-exploitation
of groundwater. In addition, an increase in population and the siting of industries in
maijor cities have contributed to further exploitation of the limited water resources.

Under the latest development plans, between 60 and 70% of public investment in
agriculture was allocated to irrigation development, in particular for the construction
of the Tagba dam and the establishment of the Al Assad reservoir.

Irrigated agriculture in the Damascus basin has to compete for both land and water
with the residential and industrial expansion of the city. Irrigated agriculture has
already been seriously reduced in the Damascus basin in recent decades and is
increasingly affected by pollution.

Irrigation development to a large extent depends on how Syria reaches agreements
with neighboring countries on the sharing of river waters (Turkey, Lebanon, Jordan
and Iraq). ldentifying and implementing policies, programs, projects and techniques
to improve water use efficiency and to better control surface water and groundwater
exploitation are important challenges facing Syrian policy-makers. Future projects
have been planned by the government for the development of major schemes:
91,000 ha in the Euphrates basin, 150,000 ha in the Khabour (tributary of the
Euphrates) basin with the construction of a reservoir north of Al-Hassakeh, 150,000
ha in the Tigris basin by pumping from the Tigris river and 72,000 ha in the Orontes
basin (Al Ghab).

S>S535333333535555 > <L L L L L L L L LLLLLL

1. Is there a law in place to allow for the delineation of groundwater protection
zones ?

The legislation for groundwater protection was initiated in 1970 when decree no.
2145 was issued to establish a Directorate of Public Water Pollution Control at the
already existing Ministry of Public Works and Water Resources. This directorate was
given wide authority to take all necessary measures to deal with the water pollution in
rivers, springs, wells and all public waters (article 3, item B-8). In compliance with this
decree the Ministry of Irrigation has established a “Central Committee for Protection
Zones”, headed by the Assistant Minister. This committee comprises specialists from
all relevant fields required for the establishment of water protection zones. Similar
committees were established in every General Directorate of Irrigation in the seven
basins.

In 1982 law no. 16 was passed to establish the Ministry of Irrigation. One of the main
tasks of this ministry is the protection of the water resources from all forms of
pollution and the preparation of the required legislation and regulations (Article 3).

In 1986 law no. 17 was issued, establishing the General Directorates of Irrigation for
each of the seven hydrologic basins. They are administratively and financially
independent but supervised by the Ministry of Irrigation. Each directorate is
responsible for the study, development and exploitation of water resources in the
basin as well as for protecting the water resources from pollution or depletion.
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Groundwater protection zones are established by form of ministerial decision of the
Ministry of Irrigation. Only in case of the Figheh spring, one of the most important
springs in Syria (water supply of Damascus), the protection zone was established by
a presidential law (law no. 10, March 1989).

The most recent legislation concerning groundwater protection was issued on 18
January 2003 as decision no. 386, issued by the Prime Minister. It prohibits the
drilling of wells for agricultural purposes in all hydrological basins of Syria. The
decision defines regulations for well licensing for drinking water, industrial purposes
and touristic purposes. According to this decision, even governmental bodies have to
acquire a license before drilling a water well. The decision emphasizes on the
delineation of protection zones for water wells, springs, foggharas and water courses.
Violators of this decision are subject to severe punishments.

| 2. Have groundwater protection zones already been established (how many) ? |

A groundwater protection zone has been established for the Fijeh spring in 1989 (see
above). The law no. 10 was based on a profound study by SOGREAH (1980) of the
hydrogeological and socio-economic conditions. Three zone have been
distinguished: intensive, direct and peripheral protection zone. The peripheral zone
includes the entire recharge zone of approx. 770 km?>

As a result of the committees for protection zones, more than 45 ministerial decisions
were passed for the establishment of protection zones. Out of these, 26 are related
to wells and springs, the remaining to lakes, dams and foggharas.

In 1980, the Ministry of Public Works and Water Resources issued ministerial
decision no. 393, which includes guidelines for the delineation of protection zones for
water resources. The major parts of the guidelines were taken from the German
regulations.

Each year the protection zone committees of the individual basins report to the
“Central Committee for Protection Zones” and makes a proposal for the
establishment of protection zones it deems necessary in its area. The Central
Committee coordinates the received proposals giving priority to those resources
aimed for drinking purposes and most vulnerable to pollution. The Central Committee
issues an annual work plan for the delineation of protection zones, taking the
technical and financial resources into consideration. In compliance with this plan,
each basin committee implements the necessary hydrogeological and socio-
economic investigations and prepares a draft ministerial decision. The draft is then
discussed in the central committee for approval by the Minister of Irrigation. After its
issuance, the General Directorate of Irrigation is responsible for its implementation.
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3. Which restrictions are imposed on land use activities in the protection zones
?

In zone | (Intensive Prohibition Zone) all activities are prohibited except the planting
of trees.

Zone Il (Direct Prohibition Zone) has to be protected from flooding, no construction of
sewerage network is allowed. The coverage of bare rocks and the filling of holes by
clean impermeable material, industries that produce dangerous wastes, first class
roads, camps or training centers, sewage water treatment plants, and the application
of hazardous fertilizers or pesticides are not allowed in this zone. The use of
fertilizers and pesticides must be monitored and controlled.

The restrictions in zone lll (Peripheral Protection Zone) are less strict. They aim at
protecting the water resources from contamination by chemical, radioactive and other
hazardous substances, such as petroleum derivates, poisons, and mining wastes.

| 4. How are the restrictions being enforced ? |

Violations of the restrictions imposed by the ministerial decisions regarding protection
zones are monitored by employees of the Ministry of Irrigation and the Ministry of
Housing and Utilities who should inform the representatives of the Ministry of Local
Administration and the police in order to prevent any violation. There are, however, a
lot of problems with the local population when enforcing these restrictions.

As an example the measures imposed in the Fijeh spring protection zone are
presented: In the Intensive Prohibition Zone 40 houses were appropriated by
DAWSSA since 1976 with 34 of them being evacuated. However, the owners of 6
houses refused to leave until now. Another problem is the asphalt road between Fijeh
and Dair Moukarren which passes immediately upstream of the spring through the
Intensive Prohibition Zone. Even though traffic is in principle blocked for trucks, this
regulation is difficult to enforce and is not accepted by the local population.

5. Which methods are being used for the delineation of groundwater protection
zones ?

No information.

| 6.  What are the sizes of zones 1, 2 and 3 ? |

Three zones are being distinguished according to ministerial decree no. 393:

o Intensive Prohibition Zone (A): It has to be appropriated by the Ministry of
Public Works and Water Resources or the General Establishment of Drinking
Water that is exploiting the resource. In this zone all activities are prohibited
except planting trees. The intention of delineating this zone is to prevent any
direct pollution.

o Direct Prohibition Zone (B): It covers that part of the recharge area that is
sufficient for self-purification of the groundwater. The extent of this zone
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depends on the environmental, geological, geographical and socio-economic
conditions in the recharge area.

o Peripheral Protection Zone (C): It covers the rest of the recharge area. In case
of large springs having an extended recharge area, the peripheral protection
zone is divided into two zones: sub-zone A, covering an area within a 2 km
radius from the abstraction facility, and sub-zone B, covering the remaining
recharge area. For drinking water wells which are normally close to inhabited
areas, only zones A and B are delineated.

In practice the sizes of zones A, B and C depend on many factors, such as among
others the size of the recharge area, the hydrogeological and socio-economic
conditions, the existing and planned land use activities, the amount of
discharge/abstraction, the water use and the ability to enforce restrictions.

The size of zone A is usually a few hectares, that of zone Bl some tens of hectares,
while the size of zone Il may range between some square kilometers and some
hundred square kilometers. For example, the sizes of the protection zones for the
Fijeh spring measure: zone A: 11 ha, zone B: 57 ha, zone C: 770 km? Those of the
Barada spring measure: zone A: 1.5 ha, zone B: 10 ha, zone C: 46 km?2

| 7. Which other measures are in place to protect the groundwater resources ? |

The Ministry of Irrigation cooperates with the Ministry of Housing and Utilities during
the study phase of master plans for villages and towns in order to exclude protection
zones from urban development areas. In some cases even an already approved
urban master plan was modified in order to avoid incursions into intensive or direct
prohibition zones (e.g. Mzairib spring).

The Ministry of Irrigation cooperates with the Ministry of Petroleum to the effect that
crude oil pipelines or pipelines for petroleum derivates are not constructed in water
resources protection zones. When deemed impossible by the Ministry of Petroleum,
technical provisions are being undertaken to avoid a pollution of the water resources
(such as is the case for the Banyas spring in the coastal basin).

The Ministry of Irrigation coordinates with the Ministry of Environment in order to
make the intensive protection zone an environmental reservation area, like in the
case of the Sinn spring in the coastal basin.

The Ministry of Irrigation coordinates with the Ministry of Defense to the effect that
the placement of military camps and installations is avoided in water resources
protection zones.

The Central Committee for Protection Zones always ftries its best in order to find
suitable solutions for accidental pollutions. A good example is the pollution of
Tannour spring in the Assi basin, where discharge considerably decreased and
which became polluted by nitrates. The committee undertook measures to close
wells in the recharge area and prohibited the use of fertilizers and pesticides as well
as permanent irrigation in the direct prohibition zone.
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The Ministry of Irrigation coordinates with the Ministry of Agriculture and Agrarian
Reform to guide farmers how to use treated sewage water in order to protect drinking
water wells from pollution in the Damascus Ghouta.

The Ministry of Irrigation undertakes measures of capacity building for its staff in the
various scientific, socio-economic and administrative fields required for the
establishment of protection zones.

The Ministry of Irrigation monitors the quality of treated sewage water in order to
ensure its bacteriological and hydrochemical safety.

The Ministry of Irrigation endeavors to upgrade its legislation concerning groundwater
protection, whenever modifications are required or new methodologies become
available.

8. Is a groundwater monitoring network for groundwater quality control
established and functional ?

In every hydrologic basin of Syria there is a groundwater monitoring network where
water levels are being recorded either monthly or every three months. Samples for
water quality monitoring are taken every three months from selected wells of this
network. Special attention is given to the monitoring of heavy metals. Samples are
taken from important springs to monitor water quality. In the Barada and Awaj basin,
there are 140 wells for monitoring water levels and 29 for water quality monitoring.

| 9. Have maps of groundwater vulnerability been prepared ? |

No groundwater vulnerability maps have been prepared in Syria yet, with the
exception of the map prepared by the ACSAD-BGR Technical Cooperation project
for the Damascus Ghouta (HOBLER & RAJAB, 2002).

However, some studies concerning sea water intrusion have been conducted in the
coastal area and appropriate countermeasures were implemented.

It is intended to prepare groundwater vulnerability maps in the future for selected pilot
areas.

10.  Are guidelines/laws/by-laws in place to control the quality of emissions into
surface and groundwater (sewage water/effluent standard) ?

Standards for industrial effluents discharged into the Barada and Assi Rivers are
already in place. Also there are standards for effluents discharged into the sewerage
network aiming at ensuring the proper and efficient operation of the sewage water
treatment plants. The Directorate of Public Water Pollution Control (DPWPC) has
established guidelines for all effluents that are discharged into the sea, rivers, and
other water bodies. There are ongoing discussions to issue standards based on
these guidelines.
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11. Is there a law/by-law/guideline for the design and monitoring/control of waste
disposal sites ?

The guideline for the design and control of waste disposal sites is included in decree
2145 of the year 1971, which gave the Directorate of Public Water Pollution Control
the authority to monitor the pollution of all public waters. This directorate has
established a water quality monitoring network along the courses of the main rivers in
Syria, comprising: 27 stations along the Assi River, 36 stations along the Barada
River, 13 stations along the Euphrates River, 6 stations along the Kabis Shamali
River, 6 stations along the Yarmouk River. Monthly samples are taken from each
station. The elements monitored are: discharge, BOD, TSS, ammonia, nitrates, pH,
temperature and other relevant parameters. The time span with records varies
between 10 and 25 years. The DPWPC also monitors the industrial waste water
discharged from factories. The elements monitored depend on the type of industry.
All samples are analyzed in the DPWPC labs and are reported to the relevant
ministries who then may order a pollution source to undertake appropriate
countermeasures.

12. Is there a law/by-law/guideline for the use of pesticides/fertilizers in
agriculture ?

The Ministry of State for Environmental Affairs supervises the import of all pesticides.
It defines which pesticides are allowed and which are prohibited to be used in Syria.
Any import of pesticides needs the approval from this ministry and from the customs
authority.

The use and import of fertilizers is guided by the Ministry of Agriculture and Agrarian
Reform who guides farmers how to use fertilizers and pesticides in such a way that it
does not cause any harm to humans, spoil the product or pollute the groundwater.

The Ministry of Irrigation upon preparing the decisions for protection zones states
that the use of fertilizers and pesticides in zones Il and Il is subject to the supervision
of the Directorates of Agriculture when agriculture is allowed in said zones.

13. Is there a law/by-law/guideline for environmental protection/environmental
impact assessment ?

The Ministry of State for Environmental Affairs was created in 1991 by presidential
decree no. 11. The task of this ministry is the preservation of the environment in
Syria. The Supreme Council for Environmental Safety was established by the
Cabinet, becoming responsible for the licensing of industries and installations
possibly having polluting effects.

The Ministry of State for Environmental Affairs established a Directorate for
Environmental Impact Assessment, becoming responsible for EIAs of every new
industrial project and for setting the necessary precautions and measures that ought
to be applied to protect the environment before issuing a license for any new project.

In 2002 law no. 50, the environment law, was passed by the Parliament. The main
features of this law are:
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e [t enables the Ministry of State for Environmental Affairs to set environmental
standards and specifications;

e |t created a general organization for environmental affairs and defines its
tasks;

e [t created the Supreme Council for Environmental Safety and defines its
functions;

e [t created a fund for supporting and protecting the environment;

e [t nominated environmental experts who may be appointed by the Minister to
freely inspect sources of pollution;

e |t considers man-made pollution as a criminal act and imposes sanctions
ranging from financial penalties to 10 year imprisonment;

e [t permitted already existing installations causing pollution a time span of one
year to adapt their operation to the newly imposed restrictions and demands.

| 14. How are groundwater protection demands integrated into land use planning ? |

Until now there is no national plan for land use in Syria. The Ministry of Housing and
Utilities prepares master plans for urban and rural settlements. The Ministry of
Irrigation and the Ministry of Agriculture and Agrarian Reform are involved in
delineating the land to be reclaimed in compliance with soil classification and water
availability. There are legislations and regulations on the governorate level classifying
the land use as agricultural, industrial or urban. When studying master plans, the
water resources protection zones demands listed in the relevant legislations are
considered and respected.
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7 Groundwater Protection Zone Delineation in Yemen

(source: and FAO Aquastat)

General Aspects

Yemen covers a total area of 527,970 km? The country is divided into 17
governorates. The total population is 14.5 million (1995), of which 66 % is rural. The
average demographic growth rate is estimated at 3.7%.

The cultivable land is estimated at about 3.62 million ha, which is 7% of the total
area. In 1994, the total cultivated area was 1.05 million ha, or 29% of the cultivable
area.

The many different landscapes of Yemen can be grouped into five main
geographical/ climatological regions:

e The Coastal Plains: The Plains are located in the west and south-west and are
flat to slightly sloping with maximum elevations of only a few hundred meters
above sea level. They have a hot climate with generally low to very low rainfall
(< 50 mml/year). Nevertheless, the Plains contain important agricultural zones,
due to the numerous wadis that drain the adjoining mountainous and hilly
hinterland.

e The Yemen Mountain Massif: This massif constitutes a high zone of very
irregular and dissected topography, with elevations ranging from a few
hundred meters to 3,760 m above sea level. Accordingly, the climate varies
from hot at lower elevations to cool at the highest altitudes. The western and
southern slopes are the steepest and enjoy moderate to rather high rainfall, on
average 300-500 mm/year, but in some places even more than 1,000
mm/year. The eastern slopes show a comparatively smoother topography and
average rainfall decreases rapidly from west to east.

e The Eastern Plateau Region: This region covers the eastern half of the
country. Elevations decrease from 1,200-1,800 m at the major watershed lines
to 900 m on the northern desert border and to sea level on the coast. The
climate in general is hot and dry, with average annual rainfall below 100 mm,
except in the higher parts. Nevertheless, floods following rare rainfall may be
devastating.

e The Desert: Between the Yemen Mountain Massif and the Eastern Plateau
lies the Ramlat as Sabatayn, a sand desert. Rainfall and vegetation are nearly
absent, except along its margins where rivers bring water from adjacent
mountain and upland zones. In the north lies the Rub Al Khali desert, which
extends far into Saudi Arabia and is approximately 500,000 km? in area. This
sand desert is one of the most desolate parts of the world.

e The Islands: The most important of all the islands is Socotra, where more
exuberant flora and fauna can be found than in any other region in Yemen.
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Water Resources
Yemen can be subdivided into four major drainage basins, regrouping numerous
smaller wadis:

¢ the Red Sea basin;

e the Gulf of Aden basin;

e the Arabian Sea basin;

o the Rub Al Khali interior basin.

The floods of the wadis in Yemen are generally characterized by abruptly rising
peaks that rapidly recede. In between the irregular floods, the wadis are either dry or
carry only minor base flows.

Surface water resources have been estimated at 2,000 MCM/year, but this quantity
corresponds to the runoff from major rivers and does not include the runoff produced
within the smaller catchments. Renewable groundwater resources have been
estimated at 1,525 MCM/year, a large part probably coming from infiltration in the
river beds. A major aquifer was recently discovered in the eastern part of the country
with an estimated storage of 10 km3. This aquifer is still under study and it is not
known whether the groundwater is rechargeable or whether it is entirely fossil water.

The surface runoff to the sea measured in some major wadis is estimated at 270
MCM/year, the groundwater outflow to the sea at 280 MCM/year. There might be
some groundwater flowing into Saudi Arabia, but no data are available. The
existence of surface drainage crossing into Saudi Arabia suggests that some sharing
of surface flows could be possible, but details are not known.

The total dam capacity is estimated at 0.18 km?3. In general, the dams are built for
irrigation and domestic purposes, but at the same time they contribute to
groundwater recharge. There are also many flood control dams which are not
intended to store water, but to divert the spate floods immediately to the adjacent
irrigation network (spate irrigation).

In 1990 total water withdrawal was estimated at 2,932 MCM/year, of which 92% for
agricultural purposes (6.9% is withdrawn for domestic use and 1.1% for industrial
use). Most of the water used was groundwater (from wells and springs), resulting in
groundwater depletion as withdrawal exceeds the annual groundwater recharge. The
rates of decline of the groundwater levels is alarmingly high in many zones,
especially in the Yemen Highlands, where decline of between 2 and 6 m/year is
commonly observed. In coastal zones this leads to the incidence of salt water
intrusion. Spring-fed irrigation has reduced significantly as groundwater tables have
dropped. The quantity of desalinated water was estimated at 10 MCM/year in 1989,
contributing to the water supply of Aden.

In 1994, the total water managed area was estimated at 481,520 ha. A global figure
for irrigation potential is not available. About 48,000 ha have been identified for
further irrigation development, mostly in the coastal plains and in Wadi Hadramaut.
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Two main types of water management can be distinguished:

e Full/partial control irrigation: This concerns an area of 383,200 ha, all irrigated
from groundwater, of which 363 200 ha from tubewells and 20,000 ha from
spring water. In general, new, deeper tubewells replace those which have
gone out of production because of declining water tables.

e Spate irrigation: This covers an area of 98,320 ha. Traditionally, farmers in the
vicinity of wadis relied on simple earth built diversion systems and irrigation
networks. With small to medium spates, these temporary embankments can
be effective; with large spates, they are often swept away. In order to give
better control of the spate flows, a series of public sector investments,
involving the construction of permanent diversion weirs and canal distribution
structures, have been made in the main wadis since the early 1970s. Most of
these systems, however, have experienced maintenance and water
distribution problems because scheme designs conflicted with traditional water
rights.

On the remaining cultivated area of 571,266 ha, water harvesting is practiced, based
on collecting and retaining overland flow in zones where soils permit agriculture. The
receiving zone is always smaller than the zone where overland flow is produced, thus
a multiplier effect is produced which permits agricultural production in low
precipitation zones. The numerous constructed mountain terraces, also called 'the
hanging gardens of Yemen', collect and retain rain and overland flow in a similar way.

Overall irrigation efficiency is low, between 35 and 45%, depending on field levelling
and the water conveyance system used. Sprinkler irrigation and micro-irrigation are
found on a limited number of farms and in pilot projects, using water from tubewells
and springs. Almost all irrigation is surface irrigation. It is thought that efficiency could
be increased to 60% by lining the canals and installing pipe distribution for surface
irrigation, and to over 80% by adopting sprinkler irrigation and micro-irrigation
techniques.

Farm size, including both rainfed and irrigated agriculture, is very small in general:
37% of the farms have less than 0.5 ha, 72% of the farms less than 2 ha, while only
4% of the farms have more than 10 ha.

According to the Constitution, flowing and underground water are defined as 'res
communis'. However, a landowner has 'precedence' for water taken from a well on
his land. In spring-irrigated areas water can be attached to land in the form of 'turns',
which give rights to divert the canal into the field for a fixed period of time. The 'turn’
can, however, be detached from the land and sold or rented separately. This
landowner 'precedence' has permitted the private development of deep tubewell
extraction, which is in some ways in conflict with Islamic principles. Islamic and
customary law has no precedent for dealing with a new technology that allows
landowners to extract (and sell) unlimited quantities of water from deep aquifers, and
modern law has not yet regulated it either.

Since the 1970s the water supply situation in the Republic of Yemen has become
critical. The main source, groundwater from wells, suffers from overstressed aquifers
by large and uncontrolled abstraction and progressing groundwater pollution.
Together with ill maintained distribution facilities this lead to serious shortfalls
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especially in the big towns, and to generally limited access of the population to safe
drinking water.

As a consequence, there is high incidence of diarrhea, intestinal parasites and
dysentery, which strongly indicates severe deficiencies in the water and sanitation
sectors. In rural areas, where more than 70% of Yemen’s population lives, less than
half of the households are supplied with hygienically unobjectionable drinking water.

At an average 3.7% growth of population, water demand increases rapidly.
Agriculture consumes 92% of the available quantities. Overall annual water
consumption is presently estimated at 3.4 billion m°. The still increasing depletion of
water resources at a present annual rate of 900 MCM converts to a rapid declining of
groundwater tables. Major population centers, such as Sana’a, Ta'iz and Sa’ada are
in danger to run out of water from their traditional aquifers within the next 10 to 20
years. Decreasing resources are confronted with increasing contamination.

The institutional dimension of the water crisis refers to uncertainty about water rights
and the weakness of supervising authorities for controlling the exploitation and
protection of the resource. The Water Law legalizes the defined National Water
Strategy and gives an outline of the administrative structure for its execution.
However, the new Water Law needs to be complemented by the relevant policies,
by-laws, executive procedures and guidelines in order to become workable and
effective in practice.

Salinization due to irrigation exists in several regions, but no figures are available. No
drainage systems are reported to exist.

Institutional Aspects

In view of the aggravating water crisis, the Government of the Republic of Yemen
has declared the sustainable supply of the population with safe drinking water a top
priority of economic and social development. The National Water Resources
Authority (NWRA), established in 1995, has the prime task to develop and pursue a
policy that leads to sustainable utilization of the decreasing water resources, and was
given a central position to design, implement and control its components, as well as
to take all appropriate steps to enhance public involvement and thus ensure social
acceptance and viability of measures.

Solutions to the existing severe quantitative problems must be accompanied by
quality protection measures, as the use of water resources is greatly restricted if they
are polluted. The formulation of policies and of an action plan for Water Quality
Control are presently under preparation in the framework of a Technical Cooperation
project between NWRA and BGR (NWRA & BGR, 2003a/b/c).

The Ministry of Agriculture and Water Resources (MAWR) is responsible for
formulating policies for water resources, for food security and for crops, livestock and
forestry production, and for coordinating public investment and services in the sector.
The General Directorate of Water Resources is located within the Ministry with four
general departments: water resources; irrigation and maintenance of water
installations; farm mechanization and land reclamation; irrigation studies. Most field
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services are provided to farmers through decentralized Regional Development
Agencies (RDA), supported by technical services at national level. However, the
division of responsibility between MAWR, the Agricultural Research and Extension
Authority (AREA) and the RDAs with respect to water management is unclear.

Responsibility for coordinating rural water supplies lies within the Water Supply
Department of the Ministry of Water and Electricity (MWE).

The General Department of Hydrology is located within the Ministry of Oil and
Mineral Resources (MOMR).

Trends in water resources management

The successful and sustainable exploitation of the water resources in Yemen is
threatened. The most serious and obvious problem is the rapid depletion of
groundwater resources. Almost all the important groundwater systems in Yemen are
being over-exploited at an alarming rate. The socioeconomic consequences of
groundwater resources depletion are dramatic since groundwater will become too
expensive for use in agriculture and, as a result, regional agricultural economies
based on groundwater irrigation are doomed to collapse if the water resources are
not adequately controlled. The groundwater stocks may be further reduced by
groundwater salinization (in coastal areas) and groundwater pollution (in urban areas
and areas of intensive agriculture). Environmental degradation occurs, for example in
areas where springs have dried up. The scarcity of water leads to ever-increasing
competition which, if uncontrolled, might lead to socio-economic problems.

There is an increasing awareness in Yemen of groundwater depletion. The
Government of Yemen has committed itself to a sustainable use of the water
resources, which was reiterated in an official statement issued at the UN Conference
on Environment and Development of 1992 in Rio de Janeiro.

Water resources management in the country suffers because there is no unified
central decision-making organization. Several authorities are dealing with water
related affairs with minimum integration and coordination. To solve this problem, a
Presidential Decree for the establishment of the National Water Resources Authority
(NWRA) was issued in October 1995, providing for the merger of the General
Directorate of Water Resources of MAWR, the General Department of Hydrology of
MOMR and the Technical Secretariat of the previously existing High Water Council.
The main duties of the authority will be:

to prepare water resources policies and strategies;

to formulate water legislation and regulations along with their enforcement;

to undertake water resources studies, evaluation and planning;

to carry out management at basin level, as traditional centralized management
has proved to be a failure.

Measures to be implemented at field level may include the introduction of water-
saving techniques (improving irrigation efficiencies, imposing a water tariff, etc.),
groundwater licensing and enforcement of pollution control regulations.

Strict water quality standards have been introduced in 2000 and 2001:
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Yemeni Quality Standards No. 100/2000: Bottled Drinking Water;
Yemeni Quality Standards No. 109/2000: Drinking Water;

Yemeni Quality Standards No. 150/2001: Irrigation Water;

Yemeni Quality Standards No. 149/2001: Industrial and Commercial
Wastewater.

SSS555>55555>55>55 LK LK LK LK LKL LK L L L L L LKL

1. Is there a law in place to allow for the delineation of groundwater protection
zones ?

The preparation of Water Zone Protection Plans was proposed by the Technical
Cooperation project “. A Guideline for Groundwater Protection Zone Delineation is
intended to be prepared within the initial phase of this project. There is no law yet
based on which protection zones could be established.

| 2. Have groundwater protection zones already been established (how many) ? |

No.

| 3. Which restrictions are imposed on land use activities in the protection zones ?

None.

| 4. How are the restrictions being enforced ?

No information.

5. Which methods are being used for the delineation of groundwater protection
zones ?

Not defined yet.

| 6. What are the sizes of zones 1, 2 and 3 ?

Not defined yet.

| 7. Which other measures are in place to protect the groundwater resources ?

No information.
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8. Is a groundwater monitoring network for groundwater quality control established
and functional ?

No information.

| 9. Have maps of groundwater vulnerability been prepared ?

No information.

10. Are guidelines/laws/by-laws in place to control the quality of emissions into
surface and groundwater (sewage water/effluent standard) ?

In 2000 and 2001 standards were introduced for bottled drinking water, drinking
water, irrigation water and industrial and commercial wastewater.

11. Is there a law/by-law/guideline for the design and monitoring/control of waste
disposal sites ?

No information.

| 12. Is there a law/by-law/guideline for the use of pesticides/fertilizers in agriculture ? |

No information.

13. Is there a law/by-law/guideline for environmental protection/environmental
impact assessment ?

No information.

| 14. How are groundwater protection demands integrated into land use planning ? |

No information.
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Annex C-1: Information requested for Guideline on Groundwater
Protection Zones

(Questionnaire sent to selected ACSAD member countries)

1) Is there a law in place to allow for the delineation of groundwater protection zones ?

Law Name & No.

Date

2) Have groundwater protection zones already been established ?

Name/Area Date

3) Which restrictions are imposed on land use activities in the protection zones ?

Type of Restriction Restriction

e.g.: Agriculture e.g.: No application of fertilizers allowed in zones 1 and 2,

4) How are the restrictions being enforced ?

Type of Enforcement Yes/No/Statement

There is a police task force

Law is enforced by the water
authority

Law is not sufficiently enforced

5) Which methods are being used for the delineation of groundwater protection zones ?

Method Yes/No/Statement

e.g.: Groundwater modeling

e.g.: Empirical methods

e.g.: Radius of x m: Zone x, ...

6) What are the sizes of zones 1, 2, 3 ?

Zone Size (days of flow time) Size (area, distance from source)

Zone 1

Zone 2

Zone 3

Zone 4
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7) Have maps of groundwater vulnerability been prepared ?

Type Name Date/Year Scale

e.g.: Countrywide

e.g.: Regional

e.g.: Area/City

8) Are guidelines/laws/by-laws in place to control the quality of emissions into surface and
groundwater (sewage water/effluent standard) ?

Type/Name Purpose Date/Year
e.g.: Waste Water e.g.: covering domestic
Standard No. x/xx and industrial waste water
discharges
e.g.: Water Law x/xx, e.g.: prohibition of
article x discharge of hazardous
substances into water
bodies, ...

9) Is there a law/by-law/guideline for the design and monitoring/control of waste disposal
sites ?

Name Purpose Date/Year

e.g.: By-Law on Waste | e.g.: waste disposal sites have to meet the
Disposal, Law No. x/xx | following criteria:

- geological barrier of x m of low
permeability sediments/rocks;

- minimum distance from settlements: x m;

10) Is there a law/by-law/guideline for the use of pesticides/fertilizers in agriculture ?

Name Purpose Date/Year
e.g.: Agriculture Law, e.g.: bans the use of fertilizers and
Law No. x/xx pesticides in water priority areas and

groundwater protection zones 1, 2 and 3,

11) Is there a law/by-law/guideline for environmental protection/environmental impact
assessment ?

Name Purpose Date/Year
e.g.: Environment Law, | e.g.: demands the preparation of EIAs for:
Law No. x/xx, Article x | - industrial sites,

- power plants, ....
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11) How are groundwater protection demands integrated into land use planning ?

Type Actions/Decisions
e.g.: There is a joint committee e.g.: Decides on sites for activities
consisting of members of .... hazardous to groundwater, such as waste

disposals, waste water treatment plants,

Please attach the relevant laws/by-laws/guidelines concerning groundwater/ surface water
protection (if possible in English/French).
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Preface

This report has been prepared upon the request of the Arab Center for the Studies of Arid Zones
and Dry Lands (ACSAD), within the framework of their running project concerning
"Management, Protection and sustainable Use for Groundwater and Soil Resources in the Arab
Region".

The report presents an overview about the activities and achievements of Groundwater quality
and quantity monitoring and protection in Egypt. The results of several pilot and important
research and studies were also presented. A lot of experience can be exchanged in the Arab
Region in the field of groundwater quality monitoring and groundwater protection. The "IHP-
Network on Groundwater Protection in the Arab Region" can facilitate the exchange and
transfer of such experience among the Arab Countries.
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1. GENERAL CHARACTERISTICS
1.1 Physical Setting

Geography

The Egyptian territory is almost rectangular, with a N-S length of approximately 1,073 km and

W-E width of approximately 1,270 km (Figure 1). It covers an area of about one million square
kilometers.
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Figure 1. Geography of Egypt

Geographically, Egypt is divided into four main regions with the following percentage areas of
the country: (i) the Nile Valley and Delta, including el Fayum depression and Lake Nasser
(3.6%); (i1) the Western Desert, including the Mediterranean littoral zone, Siwa, Bahariya, the
New Valley, Tushka and Uweinat (68%); (ii1) the Eastern Desert, including the Red Sea littoral
zone and the high mountains (22%); and (iv) Sinai Peninsula, including the littoral zones of the
Mediterranean (middle and east), the Gulf of Suez and the Gulf of Agaba (6.4%).
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Climate

The country lies for the most part within the temperate zone. The climate varies from arid to
extremely arid. The air temperature frequently rises to over 40° C in daytime during summer, and
seldom falls to zero in winter. The average rainfall over Egypt as a whole is only 10 mm/year.
Along the Mediterranean, where most of the winter rain occurs, the annual average rainfall is
about 150 mm/year, decreasing rapidly inland. The evaporation rates are high, being in excess of
3,000 mm/year.

1.2 Hydrogeologic Environment

Hydrography

The hydrography of Egypt comprises two systems: (i) a system related to the Nile; and (ii) a
system related to the rainfall in the past geological times, particularly in the Late Tertiary and
Quaternary.

The Nile system comprises the Valley and Delta regions which are morphologic depressions
filled with Pliocene and Quaternary sediments. The Nile enters Egypt at Wadi Halfa, south of
Aswan. This area is at present occupied by the Lake Nasser. From Aswan to Cairo, the river
meanders until it reaches Cairo. At a distance of about 20 km north of Cairo, the river divides
into two branches, each of which meanders separately through the Delta to the sea. In the Nile
flood plain there are extensive man-made drainage systems, especially in the traditionally
cultivated old land. Some extend to the areas reclaimed for agriculture on the desert fringes of
the flood plain. The drainage systems discharge to the Nile itself or to the Northern Lakes and
the Mediterranean Sea.

The other hydrographic system in Egypt is the complex network of dry streams (wadis); the
formation of which dates back to past wet periods in the Tertiary and Quaternary. This system
covers more than 90% of the surface area of Egypt in the Western Desert, the Eastern Desert,
and Sinai. The main catchment areas drain towards to the Nile Valley and Delta, to the coastal
zones, and to inland depressions.

Geomorphology

The landscape in Egypt can be broadly divided into the elevated structural plateau and the low
plains (which include the fluviatile and coastal plains). These geomorphologic units play a
significant role in determining the hydrogeological framework. The structural plateau constitutes
the active and semi-active watershed areas. The low plains can contain productive aquifers and
are also, in places, areas of groundwater discharge.

Geology

Geologically, Egypt is a portion of the northward overlap of the Nubian Arabian massif. In the
southeast part of the country, the basement rocks are exposed and constitute portion of the
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African carton, which was formed during the Pre-Cambrian and possibly also during the
Cambrian. It constitutes of a number of crustal plates or segments separated by major N/NW-
S/SE faults, as presented in Figure 2. Folding and wrench faulting introduced further
complications. More information can be found in the explanatory note of the 1:2,000,000
hydrogeological map of Egypt (RIGW/IWACO, 1988, updated in 1999).
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Figure 2. Tectonic Map of Egypt
Hydrogeology

The hydrogeological framework of Egypt comprises six aquifer systems (RIGW, 1993), as
shown in Figure 3:

1) The Nile aquifer system, assigned to the Quaternary and Late Tertiary, occupies the Nile flood
plain and desert fringes. The storage capacity of the system is about 500 million m’.
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Groundwater is essentially replenished from activities originating from the Nile. Accordingly,
it cannot represent a resource in itself; but the aquifer can be considered a storage and
regulation reservoir.

2) The Nubian Sandstone aquifer system, assigned to the Paleozoic-Mesozoic, occupies a large
area in the Western Desert, and parts of the Eastern Desert and Sinai. Its storage capacity is
estimated at 60,000 Km®; but groundwater is almost non-renewable. Groundwater can be
found at very shallow depths, where the water bearing formation (horizon) is exposed; or very
large depths (up to 1,500 m), where the aquifer is semi confined. The deepest water bearing
horizons are generally encountered in the north (Siwa), while the shallowest are encountered
in the southern portion (East Uweinat and Kharga).

3) The Moghra aquifer system, assigned to the Lower Miocene, occupies mainly the western
edge of the Delta. Groundwater recharge is limited to the portion adjacent to the flood plain
through groundwater seepage.

4) The Coastal aquifer systems, assigned to the Quaternary and Late Tertiary, occupy the
northern & eastern coasts. Groundwater is found in the form of thin lenses floating over saline
water. The main recharge source is rainwater.

5) The karstified Carbonate aquifer system, assigned to the Eocene and to the Upper Cretaceous,
predominates essentially in the north and middle parts of the Western Desert. It overlies the
Nubian sandstone, and underlies the Nile aquifer system. It is essentially recharged through
upward leakage from the Nubian sandstone.

6) The Fissured and Weathered hard rock aquifer system, assigned to the Pre-Cambrian,
predominates in the Eastern Desert and Sinai. It is essentially recharged from its extension in
Sudan, and, locally from rainfall (Sinai).
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1.3 Population and Development

Egypt's population is estimated at 64 million (1999). About 11.5% of the population is
concentrated in Cairo, 7.1% in the coastal governorates, 43.5% in the Delta governorates,
36.5% in Upper Egypt governorates, and the rest distributed among the remaining area of
the country. The population density varies from 15,000 to 0.4 person/Km?’, in Cairo and the
New Valley Governorates, respectively.

The percentages of the population served with water supply and sewerage connections are
generally higher in the urban governorates than in the rural ones. In these communities
with no access to water supply, the main source of fresh water is made available from
shallow hand-dug wells that may be polluted due to poor protection means.

The continuous increase in population has resulted in urban encroachment on arable land
leading to an annual loss of between 30,000 to 50,000 feddan of best agricultural land over
the past 20 years. The total cultivated area at present is estimated at about 7.8 million
acres, with a distribution among governorates that varies from 1-to 1,160-acres/1000 capita
(Figure 8), with an average of about 0.13 acre/capita. The government policy is to reclaim
an additional area of 3.4 million acres by the year 2017.

14 Environmental Problems

Provisions for the protection of the environment and natural resources have not been
included in the country constitution. Rather, they are provided for under national laws,
which in many instances were enacted to implement state sectoral policy. In this manner, a
national policy, aiming at the protection of natural resources, has been enforced through a
number of national laws, which regulate and control the exploitation of these resources.
Similarly, measures to ensure compliance with public health standards and requirements
were embodied in a number of laws.

Various environmental problems are encountered in the country due to the delay in
providing environmental protection legislation and the poor enforcement of such
legislation. The most important problems and their causes are summarized in the following
paragraphs.

1. Air pollution due the emissions from factories and cars.
2. Pollution of surface water and northern lakes due to the disposal of primary or non-
treated domestic and industrial effluent. Although the situation is not yet severe, it will

soon become if no action is taken.

3. Pollution of the shallow groundwater for the same causes mentioned above, and poor
solid waste disposal.

4. Increased drawdowns and salinity of groundwater on the desert fringes due to over-
exploitation.
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1.5 Water Resources
Potential

Egypt is an arid country with rainfall occurring only in winter in the form of scattered
showers and frequent flash floods in wadis. Unless proper harvesting and management of
rain and floodwater is made, this source may not be considered a reliable source of water
due to its spatial and temporal variability.

The main source of fresh water in Egypt is the Nile. Based on treaties among the Nile
riparian countries, Egypt share from the Nile is 55.5 BCM/year. This amount is secured by
the multi-year regulatory capacity provided by the Aswan High Dam.

Groundwater is distinguished into Nile and non-Nile originating categories. The main
aquifer system containing Non-Nile water is the Nubian sandstone (almost non-renewable
groundwater). The total groundwater volume in storage in the Nubian sandstone is
estimated at 60,000 BCM. The current total extraction amounts about 0.5 BCM/year.
However the economic annual economic extraction is estimated at 5 BCM/year (based on
present water allocations and economy).

Groundwater in the Nile aquifer system cannot be considered a separate source of water as
the aquifer is recharged from activities based on Nile water (seepage from canals and deep
percolation from irrigation application). The aquifer, however, can be utilized as a
regulatory/storage reservoir. Figures 4 and 5 illustrate the current groundwater extraction
and future potential.
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Figure 4. Groundwater in the Deserts
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Figure S. Groundwater in the Nile System

Water Demands

The other side of the coin, i.e. water demand, is increasing due to the increase in
population and economic activities. At present all available fresh water is consumed,
except groundwater in the deserts. This dictates quick responses from professionals to
augment available fresh water and recycle used water, taking into consideration
conservation of the environment.

National Water Policy

The objectives of Egypt's water policy are to:

1) Protect surface water and groundwater from pollution, and prevent deterioration of
water quantity.

2) Control the demand for water.

3) Secure the future water supply from the Nile River by adopting a holistic approach to
water management based on the river basin, integrating all water resources and use
sectors.

4) Locate, identify, and develop new water resources (e.g. rainfall and flash floods).

5) Raise water use efficiency by: (i) promoting conjunctive use of surface water and

groundwater; (ii) controlling use and depletion of groundwater; and (iii) promoting
water use.
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6) Increase water use effectiveness by: (i) establishing planning capacity, including
appropriate planning approaches and tools; (ii) public and stakeholder participation
in all steps of water management, including policy, planning, design, and
implementation; (iii) establishing drought management plans, with implementation
mechanisms; (iv) reviewing and adjusting water use legislation and regulations for
proper implementation of water policy; and (v) engaging and mobilizing women and
building public awareness about water management by better communications, in
particular, in rural areas.

1.6  Main Issues
The main issues facing Egypt's full development can be categorized as follows:

1. Geography and climate.

2. Population distribution and density.

3. Availability of facilities related to water and sanitation.

4. Style of agricultural land ownership and food production.

5. Degradation of water resources.
Based on the characteristics of the country and analysis of major issues, Table 1 has been
prepared to summarize the main constraints facing water resources management. Although
the present situation is not yet critical, however, if no immediate actions for integrated
water management of the resources are implemented, Egypt will soon face a critical
situation. To meet this real challenge of the future, a policy accompanied with specific

strategies should be formulated. The first step in this policy is to clearly define critical
issues and problems.
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2. INSTITUTIONAL ASPECTS

Groundwater research in Egypt started in the traditionally cultivated areas in the Nile
Valley and Delta in 1953, through the Bureau of Groundwater and Drainage. The
groundwater activities were later on accommodated under a separate Groundwater
Research inspectorate (GRI). One of the initial tasks was the establishment of a monitoring
network of observation wells, aiming at a continuous (monthly) recording of the
groundwater levels and (to a lesser extent) the groundwater quality. With the establishment
of the Water Research Center in 1975 (Presidential Decree No. 83), the GRI became the
Research Institute for Groundwater (RIGW) as one of the eleven Research Institutes under
the WRC. In 1994 the WRC was promoted to University status and renamed the National
Water Research Center (NWRC).

The mission of the RIGW is to carry out research to support groundwater development and
management plans, in the framework of the overall integrated water resources
development/management, aiming at increasing the contribution of groundwater in the
water and food security programs for growing population of Egypt.

Due to the increasing importance of the groundwater resources in the national water policy,
a new sector was established within the Ministry of the Water Resources named as "The
Groundwater Sector". The groundwater sector is mainly responsible for policy
development, regulations and enforcement of laws.

In addition to the above mentioed two main bodies responsible about groundwater in
Egypt, some other institutions are envolved by a way or another in groundwater research.
Table 2 presents the various activities related to groundwater management and
involvement of main institutions.
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Volume 5 - Guideline for the Delineation of Groundwater Protection Zones

ANNEX C-2 — Evaluation of the Current Practice of Groundwater Monitoring and Protection in Egypt

3. DEFINITION AND DELINEATION OF PROTECTION ZONES

One of the important protection requirements is the close or direct protection of
groundwater in the proximity of important withdrawal sources, e.g. water wells used to
supply drinking water to communities. Special restrictions are generally needed to be
imposed upon polluting activities. Many approaches are used to delineate the proximity of
water wells and determine the associated restrictions.

In recharge areas of well fields used for supplying potable water, groundwater pumpage
for other purposes should be controlled. Control can be planned according to the recharge
area (catchment) and the type of development activities. Prevention or limitation of
activities around the well is made according to the expected risk from pollutants.
Generally, zones of protected areas are delineated according to attenuation. Figures 6 and 7
illustrate the principle of travel time.
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Figure 6. Illustration of Well Protection Area
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Figure 7. Zonation of Protection Areas

3.1 Current Status

Due to its existence beneath the groundwater surface, groundwater is, to some extent
naturally protected from pollution. However, due to human activities in many situations
this resource has been contaminated. Unfortunately, and due to the misconception of
complete natural protection of groundwater efforts for its protection have long been
neglected.

In Egypt, due to the historic dependence on Nile water and also due to misconception
mentioned above, major actions regarding regulation and protection were restricted to
surface water. When compared to surface water, it takes a long time and a big effort, to
clean groundwater resources. This justifies that more attention is being paid to the
protection of Egypt’s groundwater resources.

The development of groundwater protection policy is a complex process. Policies need to
be based on a number of information sources such as groundwater quality data,
vulnerability of the aquifer, groundwater use, groundwater potential, etc.

Throughout the past decade, more attention was given to the groundwater protection
aspects in Egypt. The RIGW plays an essential and important role for developing the
groundwater protection criteria that are suitable to apply within Egypt. The implementation
of the National Groundwater Quality Monitoring Network as well as several local
networks help a lot in detecting the main sources of groundwater pollution within these
areas and in preparing groundwater vulnerability, pollution load and pollution risk maps.
Based on the assessment of these maps the necessary protection actions (preventive,
limiting or remedial) are proposed.
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In addition to that, several studies have been carried out to delineate the groundwater
protection zones around drinking water supply wells. These studies were carried out on the
local scale in the new communities (Tenth of Ramadan and Sadat Cities), Cairo and
Sharqia governorate (East Nile Delta Region).

Unfortunately, till now no groundwater protection zones have been implemented in Egypt.
In the near future, it is expected to implement these protection zones in several locations,
starting with the Sadat City area.

3.2 Practice of Delineating Protection Zones

Delineation of groundwater protection zones in El Sharqia Governorate and El Sadat City
will be presented in the following, two case studies.

3.2.1 Delineation of well protection zones in El Sharqia Governorate

This study carried out by the Research Institute for Groundwater (RIGW) in the framework
of the activities of the "[HP-Network on Groundwater Protection in the Arab Region". For
the purpose of this study, two approaches were proposed. The first is to consider the
recharge area of the well, as an area with special protection needs. The second is to
delineate the proximity of the well based on travel time, i.e. from the surface to the well
screen, which allows the decay of pollutants before reaching the screen. In order to test the
applicability of these approaches, a numerical model covering the pilot area is used.

Hydrogeological Setting of the Pilot Area

The study area is shown in Figure 8. Two types of hydrogeological units are distinguished,
the Nile flood plain and the fringes. Within the Nile flood plain, the aquifer is made up of
graded sand and gravel with minor clay lenses, underlain by a virtually impervious
material consisting of fine-grained Pliocene sediments. A semi-confining layer consisting
of silt and clay tops the aquifer. On the fringes, is aquifer is unconfined and consists of
graded sand and gravel. Towards the edges, the aquifer thickness decreases considerably
and consists of gravel or may be bounded by faults.

The geometry of the aquifer system is determined from geophysical surveys and data from
boreholes. The maximum thickness of the aquifer is about 800 m in the north; while the
minimum thickness is about 250 m on the fringes. The average hydraulic conductivity of
the aquifer material is about 100 m/day.

The main direction of groundwater flow is south north. The pattern is slightly influenced
by groundwater flow from the reclaimed areas becoming, locally, east west. Another
component of flow takes place vertically due to the head difference between the water
table and the piezometric head.
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The main sources of recharge to the aquifer are seepage from the irrigation distribution
system and subsurface drainage in irrigated areas. The recharge rate varies from about 1.5
to 2 mm/day in areas having no drainage networks, and from 0.5 to 1 mm/day in areas with
drainage systems. Discharge from the aquifer generally takes place as a result of pumping
for various purposes. The total withdrawal amounts to about 185 million m*/year, of which
about 21 million m*/year are withdrawn for domestic uses.

Numerical Simulation

The used package (TRIWACO) is a numerical simulation model for quasi three-
dimensional saturated and unsaturated groundwater flow based on the finite element
technique. The package can handle a variety of steady state and transient groundwater flow
problems. The program also allows for the interaction of top and bottom systems (i.e.
surface water and groundwater).

A triangular element grid is generated for the area. The grid consists of 1,475 nodes and
2,844 elements, covering an area of about 2,636 km®. Fine elements are used in the area
surrounding open channels and wells to ensure accurate representation of path lines at the
convergence zones. Figures 9 shows the finite element grid covering the study area.

The input data to the model are derived from the hydrogeological map (Zagazig) scale
1:100,000 and the database of the RIGW. Data include topography, aquifer thickness, clay
thickness, water table levels, groundwater piezometric heads and withdrawals. Seepage
from canals and drains is calculated using wetted perimeter, water table and the hydraulic
resistance of the semi-pervious layer. The subsurface drainage rates and hydraulic
conductivity of drains are obtained from available reports, including tests carried out by
municipalities.

Delineation of the Protection Areas

Two approaches for the delineation of protection areas are examined. Both approaches are
based on delineating a capture zone of the well. In the first approach, the capture zone is
corresponding to a specific time length, i.e. between 40 and 100 days. In the second, the
capture zone is made to correspond to the time needed to achieve steady-state conditions
(recharge area). Both approaches are tested on the calibrated model.

The results obtained from the model when applying the first approach indicate the need for
a protection zone of a diameter ranging between 70 and 120 m corresponding to a travel
time of 100 days. This area is easy to maintain as it may correspond to the area occupied
by the pumping station.

According to the second approach, the results indicate that about 65% of the study area is
within the capture zone of one well or another. Results of such approach area not easy to
apply as it implies the prohibition of all activities in 65% of the area.
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Figure 8. Location of the Study Area
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3.2.2 Groundwater protection zones around the drinking well field in Sadat City:

El Sadat city is located to the north of Cairo in the fringes of the western Nile Delta. The
main source for water supply is groundwater. The main sources of groundwater pollution
in Sadat city are: (1) landfill sites and oxidation ponds; (ii) the migration of pesticides and
fertilizers from agricultural areas; and (iii) leakage of sewers from residential disposal.

Priority areas for groundwater protection were selected based on a pollution risk map
(Figure 10). From the map, the high priority area is located at the downstream side of the
oxidation pond and at the industrial zone. The medium priority area is located nearby the
gas filling stations, while the low priority area is located upstream of the oxidation ponds,
and upstream of the industrial zone and irrigation zone. For the purpose of calculation of
the travel time around the two drinking well fields, a numerical model was applied. The
model calculations indicate that the major part of the well fields abstractions are
recharged from the eastern side (River Nile) of the area. Zones of equal travel time to the
well fields are illustrated in figure 11, where each perpendicular line on each flow line
represents a time step of 25 years.

Legend
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Figure 10. Pollution Risk Map of Sadat City
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By comparing this zonation map with the groundwater pollution risk map, the priority
areas for groundwater protection within this zonation can be identified. Subsequently,
rules for land use restriction and drilling free zones must be implemented within each
zone (limits of the recharge area, which equal 100 years), depending on the travel time
and the pollution risk. For example, the most restrictive rules will be applied to the
shortest travel time and highest pollution risk.
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Figure 11. Design of groundwater protection zones in Sadat City
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4. MONITORING OF GROUNDWATER LEVELS AND QUALITY
The groundwater monitoring system in Egypt consists of the following components:

- The National Groundwater Level Network; and
- The National Groundwater Quality Monitoring Network

4.1 The National Groundwater Level Network

An important tool for groundwater management is the network of observation wells
monitoring groundwater levels. The monitoring network in the Nile Valley and Delta was
established in 1953. The main objective of this network was to provide periodical
monitoring of groundwater levels and groundwater quality. The acquired data are used to
plan groundwater development and to predict the impact of natural and artificial
processes on groundwater.

The groundwater in the Quaternary aquifer exists under unconfined as well as semi-
confined conditions. In the latter case, the piezometric head of the aquifer differs from the
shallow groundwater tables in the superficial semi-pervious layer. For monitoring the
piezometric heads and the groundwater table till 1987 the RIGW constructed more than
1200 deep and shallow observation wells (Figure 12).

Figure 12. National groundwater level monitoring network (Nile Delta Region)
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These wells are distributed throughout the Nile Valley and Delta including their fringes.
The deep observation wells are generally installed in the upper part of the Quaternary
aquifer which is the major groundwater bearing formation in the Nile Valley and Delta.
The screens of these wells are usually placed at a depth of 20-50m below the ground
surface. The shallow observation wells are installed in the semi-pervious layer overlying
the Quaternary aquifer. Their screens are placed at depth ranging from about 3 to 6 m
below ground level. The peizometric head in the deep and the shallow observation wells
are measured at least once per month. Water samples are collected once every two years
for chemical analysis (mainly major cations and anions).

By the year 1983, more than 1.5 million water level measurements and more than 2000
chemical analysis records were kept in the archives of RIGW. However these data were
not easily accessible for planners and researchers. Therefore, a computerized water
resources database was established in 1984 (Figures 13 and 14). At present the database
is populated with the data from more than 2000 wells.

4.2 The National Groundwater Quality Monitoring Network

The national groundwater quality-monitoring network in Egypt was established in 1998.
The objective of the network is to quantify the long-term quality changes, either caused
by polluting activities or by salt-water intrusion. A second purpose was to describe the
overall current groundwater quality status on a national scale. It is the aim of the
monitoring system to provide decision -makers with information about the present and
future status of groundwater quality.

At present the national groundwater quality-monitoring network comprises 200
monitoring points (Figure 15). About 60% of the monitoring wells are located in the Nile
Basin, the large number of wells in the Nile Basin is due to the fact that the aquifer in the
Nile Basin is extensively used and that the priority areas in this region face a potential
pollution risk.
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Figure 14. Types of the Outputs of the National Water Resources Data Base
(Graphs and Reports)
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Figure 15. National monitoring network for groundwater quality

Evaluation of the Executed Sampling Rounds

Four sampling rounds have been executed (1998, 1999, 2000 and 2001). In these
sampling rounds all the monitoring points were sampled and analyzed for up to 50
parameters. More than 77% of the samples taken outside reclamation areas showed good
quality that could be used for drinking purposes with minimum treatment. Only 33% of
the samples from the desert exceeded one or more critical limits of drinking water.

High concentrations of sulphate and nitrate have been observed in monitoring points that
were located in the reclaimed area in the fringes of the Nile basin. Salinity levels of the
groundwater have increased under these areas. The salinity is partly caused by leaching
of natural salts and partly by application of gypsum to the soil. This salinity front is
moving towards the central parts of the Nile valley and Delta. Figure 16 is a schematic
representation of the main hydrochemical process in the reclamation areas on the fringes
of the Nile Valley.

In the central parts of the Nile Delta and Valley the concentrations of nitrate are much
lower than the fringes (Figure 17). The results of the sampling rounds detected high
concentrations of manganese, iron and sulphate due to reduction and dissolution
processes in the central part of the Nile Delta and Valley, Figures (18 and 19). In the
western Desert the quality standards are least exceeded and only iron shows high levels.
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In the eastern desert and Sinai high salinity have been observed. The majority of the wells
has been sampled and analyzed for pesticides. No pesticides have been detected in these
samples.

Nile valley

E fresh, nitrate polluted recent reciamation groundwater Il fresh, nifrate poliuted recent Nile
brackish, nitrate polluted reciamation gioundwater Il Nile water

Il 50, nitate pollufed Intial reciamation groundwater I extremely saine and nifrate poluted refum flow wate

Figure 16. The main hydrochemical process in the reclamation areas
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Figure 17. Nitrate concentration in the monitoring wells.
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Figure 18. Manganese concentration in the monitoring wells.
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Figure 19. Sulphate concentration in the monitoring wells.
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S. ASSESSMENT OF GROUNDWATER VULNERABILITY AND HAZARD
TO GROUNDWATER

Groundwater vulnerability to surface originating pollution is evident. As the aquifer’s
vulnerability to surface originating pollution is dependent upon the intrinsic properties of
the aquifer, high levels of spatial variability in the vulnerability of the aquifer is expected.
In practicing groundwater quality management, mapping the vulnerability is an essential
tool as many of the decisions are dependent on the spatial variability of the aquifer’s
vulnerability. Methods being used for vulnerability mapping are numerous. The most
common is the hydrologic setting, the parametric method and the analogical relations and
numerical models methods. These methods have a very little range of complexity. The
best method would depend on data availability, objectives and scale.

The DRASTIC (Depth, Recharge, Aquifer media, Soil, Topography, Impact of vadous
zone, hydraulic Conductivity) method for mapping the groundwater vulnerability is an
internationally well-recognized approach. However, it is developed as a global method
that can envelope a wide range of variability in the hydrogeological conditions. This
globalization can lead to unavoidable generalization in the parameters selection as well as
their ratings and weights. Accordingly, applying the DRASTIC method should involve
careful consideration of the local hydrogeological conditions.

Current Status

In the last ten years, Several internsic groundwater vulnerability maps were prepared by
the RIGW for the Nile Valley and Nile Delta reion on semi regional (1:500,000) and
detailed (1:100,000) scales.

In the following, Two examples will be presented:

The first, will be the groundwater regional vulnerability map of the Nile Delta which has
been based on the hydrologic setting taking into cosideration some other important
factors.

The second, will be the development of detailed vulnerability maps for the middle, east
and west Nile Delta regions by conceptually modifying the DRASTIC method according
to the local hydrogeological conditions.

5.1 Regional Vulnerability of Groundwater to Pollution in the Nile Delta
Within the nile Delta Region, the groundwater vulnerability to pollution is largely
determined by the thickness of the clay layer, depth to groundwater, rate of recharge and

direction of natural vertical groundwater flow (see table 3).

According to these pararmeters, the Nile Delta region can be distinguished into four
categories (Figure 20):
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1. The reclaimed desert areas with moderate to high vulnerable groundwater, due to
the presence of sandy formations with high infiltration and low adsorption
capacities, although groundwater is relatively deep;

ii. The traditionally cultivated area with moderate to low or low vulnerable
groundwater due to the presence of a clay cap;

iii. The transition zone between the old land and the reclaimed areas with highly
vulnerable groundwater due to the presence of sandy soil and shallow
groundwater table; and

iv.  The northern part with very low vulnerable groundwater due to the presence of a
top clay cap and upward groundwater flow.

Table 3. Factors Affecting the Groundwater Vulnerability in the Nile Delta

Thickness Vertical Rate of Depth to Groundwater Location
of clay cap | groundwater | recharge groundwater vulnerability
(m) flow mm/day | from surface (m)
0 Downward - <5 High Transition zone
between old and
reclaimed land
0-2 Downward >1 5-15 High Transition zone
0 Downward <1 >15 Moderate- High Desert fringes
0-10 Downward <1 <5 Moderate- Low Floodplain and
partially
transition zone
>10 Downward 0.25-1 <5 Low Floodplain
0->10 Upward <25 <5 Low North Delta
(Floodplain)

5.2 Vulnerability of Groundwater to Pollution in the Middle, East and West Nile
Delta Regions

In this study, the DRASTIC method was conceptually modified according to the
hydrogeological conditions of the Nile Delta aquifer, and then its ratings and weights of
the wvulnerability controlling parameters were calibrated according to statistical
correlation with real-time pollution events. Thus, providing an adjusted tool to map the
vulnerability of the Nile Delta aquifer.

The modified vulnerability approach was developed on pilot scale basis. Therefore, it
was crucial to carefully select the study areas. The basic criterion that had to be fulfilled
by the selected area are representing, as close as possible, the regional situation in the
three regions of the Delta (i.e. Eastern, Middle and Western regions), in terms of physical
conditions (i.e. aquifer type, overburden material, thickness, conductivity, etc.), and
pollution threats. Other factors that were also found of importance include dependence
on groundwater as a source of fresh water, groundwater quality and pollution threats.
areas using the secondary criterion. Accordingly, the final selection was; Sharqia
Governorate representing the Eastern Delta region, Menofia Governorate representing the
Middle Delta region, and Behira Governorate representing the Western Delta region.
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Figure 20. Groundwater Vulnerability Map for the Nile Delta

To provide the necessary information on the vulnerability parameters, a total of 116 well
logs over the study areas were collected from the Data Base of the institute. These logs
provided point information on the vulnerability parameters namely, depth to
groundwater, aquifer media, the unsaturated zone material, type of soil layers, etc. On
the other hand, and to minimize the extrapolation of the available point information, a
total of 130 Vertical Electrical Sounding (VES) aggregated in 30 cross sections were
implemented.

Development Of Vulnerability Mapping Approach

Conceptual analysis: The “DRASTIC” vulnerability controlling parameters were
conceptually analyzed considering the local hydrogeological conditions of the Nile Delta
aquifer. The following are the fundamental issues highlighted by the analysis:

e The prevailing conditions at the Middle Delta region and at the old lands of the
Eastern and Western regions of the Nile Delta suggest overwhelming importance for
the presence of a clay cap in judging the aquifer accessibility, i.e. relatively high
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water table with minimum spatial variability and significant clay cap thickness.
Nevertheless, the conditions at the desert fringes and the reclaimed lands indicate that
depth to groundwater plays an important role, if not the only role, in the aquifer
accessibility as clay thins away while depth increases considerably. In conclusion,
the inclusion of this parameter is crucial for vulnerability evaluation at the Nile Delta.

e The recharge parameter considered by “DRASTIC” is the natural recharge. Natural
recharge within the study areas applies only to rainwater. This type of recharge is
insignificant compared to the main recharge mechanism of excess irrigation water in
the Nile Delta aquifer. As the objective is to assess the intrinsic vulnerability of the
aquifer, recharge from irrigation should not be considered, being a man-made
attribute. Additionally, for this parameter to considered it should have significant
spatial variability, and must be dealt with at a micro level. Such level of details is
practically impossible to obtain. Moreover, and assuming this effort could be
achieved, it must be updated, along with the whole map, each and every season as
farmers change their crops seasonally and according to the economics of the market.
Accordingly, the recharge of the aquifer is considered of no significant spatial
variation and is discarded in the vulnerability analysis for its relative neutral effect.

e The aquifer material, hydraulic conductivity as well as the soil material of the Nile
Delta did not reflect any special conditions that require special treatment in applying
the DRASTIC method, leading to including them in the vulnerability evaluation.

e The topography is included in DRASTIC to involve the division of the rechargeable
surface water into runoff and percolation waters. This division is particularly
important in mountainous and steep landscapes. The Nile Delta is generally flat,
which raised doubts about the importance of this parameter in this particular case.
Additionally, and due to the very narrow rang of slopes within the delta, no spatial
variability, in the vulnerability index, will be generated from this parameter.

e The impact of the vadose zone is based on the type of material of the vadose zone,
rather than its thickness. This parameter is of prime importance for evaluating the
vulnerability of the aquifer. However, when applying the DRASTIC, limitations
related to this parameter, are typically encountered when dealing with multi-layered
vadose zone resulting in misleading results. On the other hand, careful examination of
the well logs obtained from the study areas showed the dominance of the clay and
sand as the practically only materials forming the vadose zone. This gave rise to the
idea of representing the impact of the vadose zone as the clay thickness solely. This
approach implies that any attenuation capacity provided by the sand is negligible
compared to that given by the clay regardless of its thickness (very close to reality).
It also allow for a fixed limited attenuation value for the case of sand only vadose
zone, i.e. the value given to clay thickness equal to zero. This way, the above
limitation is avoided, by considering the dominance of the attenuation capacity of the
clay representing the vadose zone.
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Based on the above discussions, the parameters representing the vulnerability within the
Nile Delta aquifer were narrowed down to; depth to groundwater, aquifer media, soil
type, clay thickness, and hydraulic conductivity.

Statistical analysis: Following the identification of the set of effective parameters
controlling the vulnerability of the Nile Delta aquifer, it was necessary to calibrate their
importance weights in accordance with the local conditions. The basic idea/logic behind
this calibration process is to consider field-detected pollution events as the ultimate
evaluator of the vulnerability of the aquifer. Hence, statistical correlations among the
groundwater quality status and the different vulnerability parameters were applied to
adjust the weights of vulnerability parameters to the actual field conditions.

The effect of the different pollution-generating activities was taken into consideration in a
number of ways. From the spatial point of view, the most dominant source of pollution in
the entire Nile Delta, by overwhelming difference, is the agricultural activities. As the
selection of the sampling points was based on spatial coverage solely without any
consideration of the land use, statistically, the overwhelming majority of the samples
should represent similar land use activity; that is, agriculture. Additionally, the careful
selection of the pilot areas considered the presence of diverse pollution sources within
each area. And finally, for the Sharqia Governorate, the biasness was expected due to the
presence of two extreme pollution sources namely, the intensive reuse of significantly
polluted drainage water and the industrial city of 10™ of Ramadan. This biasness was
filtered out through the presence of a wide range of vulnerability parameters under the
influence of the first source and by discarding the samples from the 10™ of Ramadan for
the second source.

The approach that was followed is to correlate among the vulnerability parameters and
the groundwater pollution events rather than groundwater quality. Accordingly, samples
were divided as either polluted or non polluted. Samples were considered polluted if one
or more chemical constituents exceeded the drinking water standards, leading to non-
specific vulnerability evaluation. The correlation coefficients were calculated through
regression analysis among the accumulative percentages of polluted samples and ranges
of the different vulnerability parameters. The accumulative percentages were used instead
of the actual percentages for each range due to the unequal distribution of the sampling
points over the different ranges of the vulnerability parameters.

Application and comparisons: The overall comparison among the results of the two
approaches indicates a significant change in the spatial distribution of vulnerability
categories. The modified approach has resulted in a generally less vulnerability compared
to the classical approach. The distribution of polluted samples among the different
categories of vulnerability as defined by the classical and modified approaches was
compared. The modified approach, for the three governorates, shows significantly better
distribution of pollution events among the different vulnerability categories. Figures 21
and 22 illustrate the vulnerability maps for the Behira Governorate, representing the West
Delta region, as per the classical and modified approaches, respectively.
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6 LEGAL ASPECTS

Groundwater protection measures have been initialized by the introduction of a well
licensing system. Groundwater extractions need to be authorized by a High Committee
formed from high-ranking officials from the Ministry of Water Resources and Irrigation,
and Ministry of Agriculture and Land Reclamation. The potentiality maps and the regular
well inventories of the RIGW are crucial for the well-functioning of the licensing system,
in addition to means for enforcement, which can still be improved.

Law 48-1982, regarding to the protection of the River Nile and Waterways from
pollution, has been integrated in the Law for the Environment 4-1994. Groundwater is
specifically mentioned as " waterway", also in the implementation regulations of Law 48-
1982 (Decree no. 8-1983), where limits are given for different effluent being discharged
in either surface water or groundwater. Compliance with law 48 has generally been weak,
partly because of the imposed high standards. Nevertheless the law forms a firm base for
the protection of the Egyptian groundwater resources with respect to direct discharge
(e.g. by injection through wells). To combat pollution of groundwater resources from
diffuse sources (fertilizers, pesticides etc.) the legal framework of the two cited laws
seems to be insufficient.

Nowadays, an internal committee from the professionals within the Ministry of Water
Resources and Irrigation has been formulated to revise and update Law 48, and including
some items related to groundwater protection.

On the other hand, the existence of the RIGW, as a research agency and the establishment
of the Groundwater Sector, as an implementing agency under the Ministry of Water
Resources and Irrigation are an important step in the direction of establishing the
institutional support needed for protecting the groundwater. The challenge that is being
faced by both agencies is to implement groundwater protection in the Egyptian
institutional setting.

Groundwater protection implies the coordination of water resources, land and water use
and the environment. This dictates cooperation and coordination between the different
involved agencies that are responsible for these aspects at different levels
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7 RECOMMENDATIONS

Groundwater protection means preventing or limiting deterioration of groundwater
quality. Such process involves a series of actions, some being preventive while others
more of a corrective nature. A unique framework for groundwater protection is generally
not possible as the forms of deterioration are diversified. However, considerable
protection could be achieved based on the fact that prevention is always simpler and less
expensive than rehabilitation. The development of a groundwater protection policy is a
complex process. Policies need to be based on number of information sources including
groundwater quality data, groundwater potential and use, aquifers vulnerability to
pollution and sources of pollution.

In Egypt most of elements for general groundwater protection are available or under
development. Integration of the various components into a national groundwater
protection plan, preferably as part of a wider national water resources management plan,
is a component that needs urgent action. Based on the available studies and knowledge
about protection zones around the drinking water wells, it important to implement these
zones especially within the high pollution risk areas. The involvement of the public, local
authorities and other concerned ministries is essential.

It is recommended to encourage and support the role of the "IHP-Network on
Groundwater Protection in the Arab Region" in the field of technology transfer,
dissemination and exchange of experience, research results and information on the state-
of-the-art of groundwater protection in the Arab Countries.
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INTRODUCTION :

Le Code des Eaux, promulgué par la loi n°® 75-16 du 31 Mars 1975, a confié la
gestion du D.P.H. (Domaine Public Hydraulique englobante aussi bien les
eaux de surface que souterraines ainsi que les ouvrages qui servent a leur
exploitation et utilisation cf. Art.1) au Ministre de [I'Agriculture, de
'Environnement et des Ressources Hydrauliques) sauf dérogation prise par
décret (Art. 4 du C.D.E : Code des Eaux).

Le Domaine Public Hydraulique est donc défini par ses différents éléments
qui sont :

- Sebkhas et lacs jusqu’a la limite des hautes eaux ;

- Cours d'eau de toutes sortes et les terrains compris dans leurs
franc-bords ;

- Les terrains et ouvrages servant a I'exploitation, des passages
d’eau et les lacs destinés au service public ;

- Les sources de toutes natures , les nappes d’eaux souterraines de
toutes sortes, les aqueducs et abreuvoirs a l'usage public ainsi que
leurs dépendances, les canaux de navigation, d’irrigation ou
d’assainissement exécutés dans un but dutilité publique, les
terrains qui sont compris dans leurs franc-bords et les autres
dépendances de ces canaux.

1 - ASPECT INSTITUTIONNEL :

1-1- Institutions :

Avec lintégration du département de I'Environnement au Ministére de
I'Agriculture qui devient depuis Septembre 2002 le Ministére de I’Agriculture,
de I'Environnement et des Ressources Hydrauliques est le Ministére en
charge de I'évaluation, le suivi et la protection des ressources en eau.

Toutefois, d’autres ministéres interviennent dans le D.P.H tels que :

a) Le Ministere de [I'Equipement, de [I'Habitat et de
'’Aménagement du Territoire (Direction de [I'Hydraulique
Urbaine: D.H.M. et I'Agence de Protection et de
'’Aménagement du Littoral : APAL intervenant dans la
Protection de 'Environnement du D.P.H).

b) Le Ministére de la Santé Publique (Direction de I'Hygieéne du
Milieu et Protection de I'Environnement: DHMPE, qui a la
charge du contréle de la qualité nhotamment micro-biologique
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des eaux de boisson du réseau public d’eau potable urbaine
et rurale, des eaux embouteillées (eaux conditionnées) et des
eaux thermales (Stations thermales),

C) Le Ministére de I'Intérieur et du Développement local qui veille
sur le curage et la protection de 'Environnement des cours
d’eau trans-communaux et les sebkhas situées dans les
périmétres communaux,

d) Le Ministére du Tourisme, du Commerce et de I'Artisanat
(Office du Thermalisme, Autorité de tutelle des Eaux thermo-
minérales :Eaux embouteillées et stations thermales ainsi que
I'Office du Tourisme qui veille a Ila protection de
'Environnement des zones touristiques notamment cotiéres et
méme oasiennes exploitant souvent des sources naturelles
ou artificielles d’eaux souterraines et superficielles,

e) Le Ministére de la Justice et des Droits de 'lHomme intervient
par les tribunaux qui traitent les infractions relevées par les
Agents de la Police des Eaux, aux dispositions du Code des
Eaux (cf. Article 10).

1-2- Organisation et Attributions des Institutions :
Ce sont principalement les organismes publics du nouveau ministere de
I'Agriculture, de 'Environnement et des Ressources Hydrauliques qui ont la

charge de I'évolution, du suivi et de la Protection des Ressources en eau.

Nous passons en revue les différents organismes avec leurs principales
attributions.

1-2-1- La Direction Générale des Ressources en Eau:
D.G.R.E.

elle est chargée notamment de :

+ Mettre en place et gérer les réseaux de mesure et d’observation
concernant les différentes composantes des Ressources en eau du pays.

+ Elaborer les études de base et appliquées visant I'évaluation et
I'établissement des bilans globaux des ressources en eau.

+ Promouvoir les activités de recherche et d’expérimentation
concernant les différents aspects de développement des ressources en
eau et leur protection.

Elle est composée de 3 Directions et d'un établissement public a caractére
Administratif : la Direction des Eaux de surface, la Direction des Eaux

Page 284



ACSAD-BGR Technical Cooperation Project

Management, Protection and Sustainable Use of Groundwater and Soil Resources in the Arab Region
Volume 5 - Guideline for the Delineation of Groundwater Protection Zones

ANNEX C-3 — Evaluation of the Current Practice of Water Protection in Tunisia

souterraines, la Direction de la Recharge Artificielle et des eaux non
conventionnelles et le Bureau de I'lnventaire et des Recherches Hydrauliques
(B.I.R.H).

Nous signalons ici les attributions du BIRH qui complétent celles de la
D.G.R.E. a savoir :

- Le Suivi et le Contréle de la qualité des Ressources en eau.

- Gestion de la base de données des points d’eau : Sources, puits de
surface et forages.

- Gestion de I'exploitation du Domaine Public Hydraulique dans le
cadre de sa protection contre tout empiétement (Article 10 du Code
des eaux).

1-2-2— La Direction Générale du Génie Rural et de
I’exploitation des Eaux : DG/ GREE

Elle est chargée notamment de :
+ Réaliser les études d'ordre stratégique, formuler les politiques et
élaborer les plan relatifs au secteur du génie rural et de I'exploitation des eaux

dans le secteur agricole

+ Suivre et évaluer les projets d’aménagement des périmétres irrigués
et d’assainissement agricole

+ Rationnaliser [I'utilisation des eaux, valoriser les eaux non
conventionnelles en agriculture

+ Coordonner les programmes d’eau potable dans les milieu urbain et
rural.

1-2-3- La Direction Générale des Barrages et des
grands Travaux Hydrauliques : DG/BGTH

Elle est chargée notamment de :

+ Elaborer les études hydrauliques, les études de maitrise des eaux de
surface, les études de mobilisation des eaux,

+ Elaborer les études de grands ouvrages hydrauliques de mobilisation
des eaux de surface (Grands barrages, ouvrages de transfert d’eau, barrages
collinaires),

+ Elaborer les études des grands aménagements hydrauliques,
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+ Réaliser les grands barrages, barrages collinaires et les grands
aménagements hydrauliques,

+ Reéaliser les ouvrages de protection des zones rurales et agricoles
des crues des oueds,

1-2-4- La Direction Générale de I’Aménagement et de la
Conservation des terres agricoles : DG/ACTA

Elle est chargée notamment de :

+ Elaborer les plans et les orientations pour la préservation des
ressources naturelles en sols, végétation, eau et en terres agricoles,

+ Elaborer les études d’aménagement des bassins versants,

+ Etudier, controler et suivre I'exécution des projets de conservation
des eaux et du sol.

1-2-5- Les Commissariats Régionaux de Développement
Agricole :C.R.D.A.

Ce sont des Etablissements Publics a caractere Administratifs dotés de
'autonomie financiére et placés sous la tutelle du Ministére de I'Agriculture
de IEnvironnement et des Ressources Hydrauliques. Chaque gouvernorat
dispose d’'un C.R.D.A. chargé notamment de :

+ Veiller sur I'application des procédures juridiques et la réglementation
relatives a la protection des terres agricoles, des foréts, des eaux, de la santé
animale et des végétaux,

+ Gérer, développer et protéger les ressources naturelles : eau, sol et
foréts,

+ Gérer I'exploitation du Domaine Public Hydraulique,

+ Etudier et réaliser les projets d’équipement hydraulique : Barrages,
Barrages collinaires, lacs collinaires, puits de surface et forages .....

+ Gérer les périmétres irrigués publics et leur fournir I'eau d’irrigation.

1-2-6- La Société Nationale d’Exploitation et de
Distribution des Eaux : S.O.N.E.D.E.

C’est une Société Nationale a caractére Industriel et Commercial, dotée de la
personnalité civile et de l'autonomie financiére, placée sous tutelle du
Ministére de I'Agriculture, de 'Environnement des Ressources Hydrauliques.
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Elle est chargée d’alimenter en eau potable notamment les zones urbaines et
certaines agglomérations rurales. Dans ce cadre elle étudie et réalise les
projets d’eau potable a I'échelle nationale et assure la maintenance et la
réhabilitation des ouvrages d’adduction ; de transport, de traitement et de
distribution des eaux.

Elle dispose de directions et de services régionaux couvrant 'ensemble du
territoire national.

Dans le cadre de ses attributions, la S.O.N.E.D.E. étudie et réalise :

+ Le projet national d’économie d’eau dans les secteurs d’eau potable,
industrielle et touristique.

+ Les projets de dessalement des eaux saumatres et des eaux de mer.

1-2-7- La Société d’Exploitation du Canal et des
Adductions des Eaux du Nord : SECADENORD

C’est un établissement public a caractére commercial et industriel, dotée de la
personnalité civile et de I'autonomie financiére, placé sous tutelle du Ministere
de I'’Agriculture, de 'Environnement et ses Ressources Hydrauliques.

Elle est chargée notamment de :

+ La gestion, I'exploitation, la maintenance et la réhabilitation du Canal
du Cap Bon — Medjerda et de ses dépendances comme les adductions et les
conduites de transfert et de transport de I'eau des Barrages.

+ La fourniture de l'eau aux différents utilisateurs: C.R.D.A et
SONEDE pour l'alimentation en eau des secteurs agricole, domestique,
industriel et touristique.

1-2-8- Les Groupements de développement d’Intérét
Collectif : G.D.I.C.

Ce sont des Associations d'usagers de l'eau et peuvent étre considérés
comme des organismes non gouvernementaux (ONG), toutefois, elles sont
placées sous la double tutelle des Autorités Régionales (Gouvernorat et
Délégation) ainsi que le Ministére de I'’Agriculture, de I'Environnement et des
Ressources Hydrauliques.

Ces groupements de développement d’intérét collectif (anciennement AIC)
sont chargeés :

+ soit de la distribution de I'eau potable rurale (y compris souvent la
gestion de I'ouvrage d’approvisionnement en eau : le puits ou le forage).
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+ soit de la distribution de I'eau d’irrigation dans les périmeétres publics
irrigués (y compris la gestion du puits de surface ou du forage).

+ soit de la distribution de I'eau potable et de I'eau d’irrigation (avec la
gestion du puits ou du forage quand ils constituent la source d’eau).

Il existe plus de 2500 GDIC dont plus de 1600 GDIC d’eau potable.

1-2-9- Autres organismes :

Il s’agit essentiellement des organismes qui étaient rattachés a l'ancien
Ministére de I'Environnement et de 'Aménagement du Territoire et affectés
depuis Septembre 2002 soit au Ministére de I’Agriculture, de 'Environnement
et des Ressources Hydrauliques tels que 'TONAS, 'ANPE et le CITET, soit au
Ministere de I'Equipement , du Logement et de 'Aménagement du Territoire
tel que 'APAL.

+ L’Office National de PAssainissement : ONAS

C’est un Etablissement public a caractére commercial et industriel doté de la
personnalité civile et de I'autonomie financiére sous tutelle du Ministére de
I'’Agriculture, de 'Environnement et des Ressources Hydrauliques

Il est crée en 1974 et chargé notamment de :

- la collecte et du traitement des eaux usées en milieu urbain (eaux
domestiques et industrielles),

- la lutte contre la pollution hydrique, en milieu urbain et notamment
dans les zones industrielles,

- la gestion, l'exploitation, la maintenance et la réalisation des
ouvrages de collecte et de traitement des eaux usées aussi bien
domestiques qu’industrielles,

- la réalisation des Etudes et des travaux d’assainissement urbain et
industriel, collectif et individuel,

- l'assistance des collectivités publiques et locales (notamment les
communes) pour la collecte et le traitement des rejets de déchets
domestiques et I'évacuation des eaux pluviales.

Il en résulte donc que I'O.N.A.S est un organisme essentiel dans la protection
du Domaine Public Hydraulique avec ses composantes naturelles : oueds et
nappes d’eaux souterraines et ses composantes artificielles : retenues des
Barrages et canaux d'’irrigation et d’assainissement.
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+ L’Agence Nationale de Protection de PEnvironnement :
ANPE

Elle est créée en 1988, placée sous I'Autorité du Ministere de I'Agriculture, de
'Environnement et des Ressources Hydrauliques (depuis septembre 2002).
C’est un Etablissement Public a caractére commercial et industriel doté de la
personnalité civile et de I'autonomie financiére. Elle est chargée notamment
de:

- Contribuer a la préparation de la politique du Gouvernement pour la
protection de 'Environnement et de son application dans le cadre
du développement économique et social du pays.

- Proposer toute action visant a la protection de I'Environnement de
toute pollution y compris le milieu hydrique (D.P.H).

- Préparer et mettre en place un plan d’intervention rapide en cas de
pollution accidentelle mettant en péril I'équilibre du milieu naturel.

- Promouvoir la loi de protection de I'Environnement

- Appliquer les normes de rejets dans le milieu récepteur y compris le
D.P.H.

- Approuver les investissements des projets de lutte contre la
pollution et de la protection de 'Environnement.

- Coordonner les actions nationales et internationales dans le
domaine de protection de 'Environnement.

- Controler et suivre les déchets polluants et les équipements
destinés a leur traitement.

- Veiller sur l'application des obligations internationales dans le
domaine du contrdle et de lutte contre la pollution.

D’autres attributions sont a la charge de 'ANPE pour lui permettre de
s’acquitter au mieux de sa tache dans le domaine de la protection de
'Environnement et de lutte et de contréle de la pollution sous toutes ses
formes dans tous les secteurs d’activités notamment industrielles et agricoles.

+ Le Centre International de Technologie de
PEnvironnement de Tunis : CITET

Il est crée en 1996, c’est un Etablissement Public a caractére commercial et
industriel doté de la personnalité civile et de I'’Autonomie financiére, placé
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sous la tutelle du Ministére de [I'Agriculture, de I'Environnement et des
Ressources Hydraulique.

Il est chargé notamment de :

- la formation, la recherche scientifique et adaptation des
technologies de I'environnement a la Tunisie.

- L’acquisition, 'adaptation et le développement des technologies de
I'environnement et du renforcement des capacités humaines dans
le domaine de la protection de I'environnement et du contrdle et de
la lutte contre la pollution dans le cadre d'un systéme de
développement durable.

Le centre dispose de plusieurs laboratoires équipés pour mener a bien les
analyses nécessaires pour le controle et le suivi de la pollution notamment
hydrique qu’elle soit d’origine chimique ou biologique et bactériologique.

+ L’Agence de Protection et d’)Aménagement du Littoral :
APAL

Elle est créée en 1995, c’est un Etablissement public a caractéere commercial
et industriel, doté de la personnalité civile et de I'autonomie financiére, placé
sous tutelle du Ministére de I'Equipement, du Logement et de ’Aménagement
du Territoire.

L’APAL est chargée principalement de 'aménagement de I'espace du littoral
qui englobe des sebkhas faisant partie du Domaine Public Hydraulique. Elle
assure le suivi de I'application des aménagements du territoire conformément
a la réglementation en vigueur, notamment le Code de I'Urbanisme et de
I’Aménagement du Territoire promulgué par la loi du 28 Novembre 1994.

+ La Direction de I’Hygiéne du Milieu et de la Protection
de PEnvironnement : DHVMIPE

C’est une structure administrative du Ministére de la Santé Publique. Elle est
chargée, dans le cadre de I'hygiéne publique du :

- contréle de I'hygiéne et de la sensibilisation du public dans le
domaine de la protection de I'environnement sanitaire,

- contréle de la qualité chimique, biologique et microbiologique de
I'eau potable urbaine et rurale,

- suivi et le contrdle des déchets dangereux notamment des
établissement hospitaliers et de leur impact sur les cours d’eau et
les nappes d’eau souterraines superficielles.
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+ La Direction de IPHydraulique Urbaine : DHU

C’est une structure administrative qui reléve du Ministere de 'Equipement du
Logement et de ’Aménagement du Territoire. Elle est chargée notamment
de:

- La planification a moyen et long terme des études et des travaux de
protection des agglomérations urbaines des inondations,

- L’entretien et la maintenance des ouvrages hydrauliques contre les
inondations des villes,

- La conception et le suivi de la réalisation du Plan National
d’Assainissement du milieu urbain et du Plan de contréle de la
pollution hydrique.

- L’élaboration des projets de textes réglementaires relatifs aux rejets
des déchets dans le milieu récepteur et notamment dans les
retenues des barrages.

1-3- Le Know-how (savoir-faire) Technique acquis :

Le profil technique du Personnel chargé du contrble et du suivi de la pollution
des ressources en eau provient de divers horizons et groupe des spécialistes
dans plusieurs domaines tels que :

- La géologie, I'hydrogéologie, I'’hydrologie de surface, la géochimie,
- La microbiologie, la biologie, la chimie, la physique, la géophysique,

- L’hydraulique, le génie civil (les aménagistes, les
géomorphologues, les pédologues, les agronomes).

En fait, le domaine de la protection des ressources en eau nécessite des
équipes pluridisciplinaires chaque fois que le besoin se fait sentir a 'occasion
des grands projets d'aménagement tels que :

a) La réalisation des grands barrages ou l'apport principal vient des
hydrauliciens, mais les autres spécialistes comme les
hydrogéologues, les biologistes, les agronomes ou les géochimistes
doivent intervenir pour apporter les ajustements nécessaires pour
préserver I'environnement de tout impact négatif ou du moins
I'atténuer.

b) L'aménagement urbain notamment dans les zones sensibles
comme le littoral ou les sebkhas (dépression salée) cétiers
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constituent des exutoires naturels des bassins versants d’oueds
(cours d’eau temporaires) d’ou I'intervention des hydrologues et des
hydrauliciens pour I'étude de I'évacuation des eaux pluviales et la
protection contre les inondations.

c) La construction des stations d’Epuration qui demande l'intervention
de tous les spécialistes concernés depuis :

+ [limplantation qui nécessite l'avis du géologue, de
I'hydrogéologue pour éviter toute pollution des nappes d’eaux
souterraines,

+ I’édification des batiments et des ouvrages ou les Ingénieurs
civils et les hydrauliciens ont leur savoir faire a faire valoir pour
assurer le meilleur fonctionnement.

+ |la mise en service des stations d’épuration qui nécessite la
contribution de tous les techniciens spécialistes soit pour le
fonctionnement des machines et des appareils de traitement,
soit pour les analyses spécifiques a réaliser du flux des polluants
a I'entrée et a la sortie des stations .

2- ASPECT TECHNIQUE :

2-1 Définition et Délimitation des zones de Protection :

Les zones de protection des ressources en eau peuvent étre définies d’aprés
le Code des eaux en :

2-1-1- Périmétre d’interdiction : (Article 12 du Code des eaux).

Ce sont des zones ou la conservation ou la qualité des eaux sont mises en
danger par le degré d’exploitation des ressources existantes

En Tunisie, nous comptons 9 périmetres d’interdiction instaurés sur des
nappes d’eaux souterraines dont les ressources ont atteint un degré de
dégradation aussi bien qualitative que quantitative.

Leur délimitation a été effectuée sur la base d'études hydrogéologiques
comportant des cartes notamment piézométriques, de salinité, et de
profondeurs du plan d’eau.

Ces périmétres d’interdiction sont créés par décret aprés avis de la
Commission du Domaine Public Hydraulique.

L’article 13 du Code des eaux stipule que dans chaque périmétre
d’interdiction :
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- sont interdits : toute exécution de puits ou de forages, ou tout
travail de transformation de puits ou de forages destiné a en
augmenter le débit,

- sont soumis a autorisation préalable du Ministre de I'Agriculture,
de I'environnement et des Ressources Hydrauliques, les travaux de
remplacement ou de réaménagement de puits ou forages non
destinés a augmenter le débit exploité par ces puits ou forages,

- est soumisa autorisation et prescription du Ministre de
I'Agriculture, de 'Environnement et des Ressources Hydrauliques :
'exploitation des eaux souterraines; ces prescriptions peuvent
porter sur une limitation du débit maximum a exploiter par puits ou
forages ou toute autre disposition propre a éviter les impacts
nuisibles et a assurer la conservation des ressources existantes.

L’article 14 du Code des eaux précise par ailleurs que par décision du
Ministre de ['Agriculture, de [I'Environnement et des Ressources
Hydrauliques :

- Les mesures conservatoires peuvent porter sur la démolition
partielle ou totale des ouvrages ainsi que la remise des lieux en
I'état.

- Les travaux de réaménagement non exécutés en conformité avec
les prescriptions de I'Arrété d’Autorisation, sont punis d’'une amende
pouvant atteindre le dixieme du montant estimé des ouvrages
executés.

2-1-2- Périmétres de sauvegarde : (Article 15 du Code des
eaux) :

Les périmetres de sauvegarde peuvent étre délimités par décret pris apres
avis de la Commission du Domaine Public Hydraulique dans les nappes pour
lesquelles le taux et la cadence d’exploitation des ressources existantes
risquent de mettre en danger la conservation quantitative et qualitative des
eaux.

A l'intérieur de ces périmétres, les travaux de recherche ou d’exploitation des
nappes souterraines, a I'exclusion des travaux de réfection ou d’exploitation
des ouvrages existants, sont soumis a une autorisation du Ministre de
I'’Agriculture, de 'Environnement et des Ressources Hydrauliques.

Seize périmétres de sauvegarde des ressources en eau ont été instaurés sur
des nappes d’eaux souterraines conformément aux dispositions du Code des
eaux.
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2-1-3- Périmétres d’aménagement et d’utilisation des eaux :
(Article 16 du Code des eaux).

Des périmétres d’aménagement et d’utilisation des eaux peuvent étre définis
par décret aprés avis du Conseil National de 'Eau dans les zones ou les
ressources en eau sont ou risquent d’étre insuffisantes par rapport aux
besoins actuels ou prioritaires programmeés.

A Tlintérieur de ces périmétres, les plans de répartiton des ressources
hydrauliques du périmétre considéré, sont définis par arrété du Ministre de
'Agriculture de I'Environnement et des Ressources Hydrauliques aprés
enquéte administrative auprés des personnes physiques ou morales
susceptibles d’étre concernées et avis du Conseil National de I'Eau, selon la
nature et la localisation des besoins a satisfaire.

Le décret prévu a lalinéa 1% du présent article peut le cas échéant
mentionner les programmes de dérivation des eaux et les programmes des
travaux destinés a permettre ou a assurer la mise en application du plan de
répartition des eaux et déclarer d’utilité publique tout ou partie des
programmes de dérivation ou des travaux ainsi définis.

L’article 17 du Code des eaux précise qu’a lintérieur des périmétres
d’interdiction et des périmétres de sauvegarde, I'’Administration se réserve de
droit d’effectuer sur les cours d’eau, puits et sondages existants toutes les
observations et mesures destinées a suivre I'évolution des ressources en
eau.

Le propriétaire ou I'exploitant de ces puits, sondages ou cours d’eau, doit en
permettre 'accés aux agents qualifiés de '’Administration a I'effet d’obtenir
tous renseignements sur les débits prélevés et les conditions de ce
prélevement.

De méme l'article 19 du Code des eaux précise qu’a I'intérieur d’'un périmétre
d’aménagement des eaux tout propriétaire ou exploitant d’installation de
dérivation, captage, puisage est tenu de déclarer ses installations.

Toutefois, certaines catégories d’ouvrage, dont l'influence sur le régime des
eaux est négligeable, peuvent étre dispensées de la déclaration visée ci-
dessus par le décret créant le périmétre d’aménagement des eaux prévu a
l'article 16 du Code des eaux.

2-1-4- Périmétres de Protection :
Ce sont des périmétres de protection des sources d’approvisionnement public

en eau potable, contre toute atteinte a la qualité des eaux (Article 120 du
Code des eaux).
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Les articles 121, 122 et 123 définissent les périmétres de protection des
forages, des puits, des bassins de stockage de I'eau et des retenues des
barrages.

Pour les forages et les puits, l'article 121 stipule qu’un arrété du
Ministre de I’Agriculture, de 'Environnement et des Ressources Hydrauliques
fixe dans chaque cas les limites de la zone de protection qui comprend :

e un périméetre de protection immédiat dont les terrains sont a
acquérir en pleine propriété cléturés par I'organisme chargé du
prélevement d’eau et de sa distribution pour I'alimentation en eau
potable,

e un périmétre de protection rapprochée, a l'intérieur duquel sont
interdits les dépbts ou activités susceptibles de conduire
directement ou indirectement a la pollution de la source et dont la
nomenclature est définie par arrété du Ministre de I'Agriculture, de
'Environnement et des Ressources Hydraulique et du Ministre de la
Santé Publique,

e le cas échéant, un périmétre de protection éloignée, a l'intérieur
duquel peuvent étre réglementés les dépdts ou activités visés ci-
dessus.

Les périmetres de protection immédiate des aires de préléevements d’eau
potable peuvent faire I'objet d’expropriation pour cause d’utilité publique.

Dans le cas ou ces interdictions figurant dans les 1 et 3 paragraphes du
présent article entraineraient en fait I'inutilisation de parcelles effectivement
mises en valeur, le propriétaire a le droit d’exiger I'expropriation.

- L’article 122 du Code des eaux stipule qu’autour de tout ouvrage de
traitement de programme ou de bassin de stockage de I'eau destinée a la
consommation, il est institué un périmétre de protection dont les limites sont
fixées par un arrété du Ministre de I'Agriculture, de I'Environnement et des
Ressources Hydrauliques, cette aire de protection qui est cléturée par
I'organisme intéresseé peut faire 'objet d’'une expropriation pour cause d'utilité
publique.

- Pour les barrages retenues destinés a l'alimentation en eau potable
(Article 123 du Code des eaux) il est prévu :

e un périmétre de protection immédiate composé des terrains
riverains de la retenue aux plus hautes eaux sur une largeur de dix
meétres a acquérir en toute propriété par l'organisme assurant
I'exploitation du barrage,
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e une zone de servitude de 50 meétres de largeur au-dela de la bande
riveraine dans lesquels sont interdits tous faits et activités de nature
a conduire directement ou indirectement a la pollution de la retenue.

2-2- Réseaux de suivi des ressources en eau :

Le suivi de la ressource en eau qu’elle soit de surface ou souterraine est
effectué en Tunisie par la Direction Générale des Ressources en eau a
travers les réseaux d’observations et de mesures suivants :

2-2-1- Réseau Pluviométrique :

Il comporte 800 stations pluviométriques réparties a travers tout les pays dont
80 stations équipées de pluviographes.

Ces stations pluviométriques sont suivies par des observateurs
pluviométriques qui effectuent une mesure par journée de 24 heures a une
heure fixe (7 heure du matin de chaque journée durant toute 'année 365 sur
365 jours).

Pour assurer le service régulier de ces observateurs, I’Administration leur sert
une indemnité mensuelle forfaitaire de 7 Dinars Tunisiens (5 dollars US) soit
84 Dinars Tunisiens annuellement et par observateur.

2-2-2- Réseau Hydrométrique :

Il comporte 120 stations installées sur les principaux cours d’eau (oueds) du
pays, dont une cinquantaine de stations principales équipées de téléphérique
permettant le jaugeage des crues d’une fagon continue et réguliere.
Les observateurs hydrométriques chargés du fonctionnement de ces stations
principales et certaines stations secondaires percoivent des indemnités
mensuelles variant de 40 a 80 Dinars Tunisiens (30 a 60 Dollars US).
Le Budget annuel alloué a ces observateurs pluviométriques et
hydrométriques est de I'ordre de 80 000 Dinars Tunisiens (soit 60 000 Dollars
us).
Toutefois les stations hydrométriques sont équipées de :

- limnigraphes,

- pluviométres (pluviographes pour certaines d’entre elles),

- postes radio pour communiquer en temps réel les mesures

observées notamment en cas de crues afin de servir a
'organisation du Service d’Annonce de crues. Ce service qui doit
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alerter la population riveraine des cours d’eau ou bien a l'aval des
barrages en cas de lachures.

D’ailleurs, lors des fortes pluies qu’a connues la Tunisie dernierement en
Janvier — Février 2003, le réseau hydrométrique a montré son utilité et son
efficacité durant la période de crues et de débordement du lit de la Medjerda,
principal cours d’eau du pays. Ce qui a permis de limiter les dégats aux
infrastructures du pays et éviter les pertes humaines notamment.

2-2-3- Réseau piézométrique :

Il comporte 3274 piézomeétres répartis entre 2252 puits de surface (dont la
profondeur est inférieur a 50 meétres), 920 piézomeétres équipés de
limnigraphes et 102 forages non équipés.

Les nappes phréatiques (se trouvant a moins de 50 m de profondeur) sont
suivis a partir de 2717 puits d’observation.

Quant aux nappes profondes elles sont suivies a partir de 557 piézomeétres.
Les piézometres eéquipés de limnigraphes permettent le suivi continu de la
piézométrie.

Les piézomeétres non équipés sont visités 2 fois par an a savoir :

- alafin de la période des hautes eaux (Avril — mai)
- alafin de la période des basses eaux (Septembre — octobre).

La conception de ce réseau piézométrique a débuté depuis quelques
décennies pour certaines nappes, la D.G.R.E. dispose de suivi presque
continu de leur piézométrie depuis les années 1940-50.

Mais le réseau dans sa forme actuelle s’est développé depuis les années
1970 quand la Direction Générale des Ressources en Eau a entrepris la
réalisation de piézomeétres réservés au réseau piezométrique et remplacer les
puits de surface qui ne peuvent plus étre utilisés comme piézométres.

Actuellement, la Direction Générale des Ressources en Eau conduit un
programme annuel de réalisation de piézometres (30 piézomeétre/an au cours
du 10° plan 2000-2006).

L’équipement des piézomeétres par limnigraphes et recemment par des unités
d’acquisition automatique des données, se fait régulierement depuis quelques
années avec une cadence d’une cinquantaine d’équipements par an.

2-2-4- Réseau de suivi de la qualité de I’'eau :

Ce réseau, sous sa forme actuelle, a été instauré en 1997 et porte sur le suivi
de la qualité des eaux souterraines, a savoir :

Page 297



ACSAD-BGR Technical Cooperation Project

Management, Protection and Sustainable Use of Groundwater and Soil Resources in the Arab Region
Volume 5 - Guideline for the Delineation of Groundwater Protection Zones

ANNEX C-3 — Evaluation of the Current Practice of Water Protection in Tunisia

- les nappes phréatiques dont la profondeur est inférieur a 50 m,
- Les nappes profondes

Deux parameétres sont suivis, le résidu sec et les nitrates. Ce sont deux
indicateurs sur I'évolution de la qualité des eaux souterraines exploitées
notamment pour I'alimentation en eau potable rurale et urbaine et l'irrigation.

Les prélevements se font a partir de 1200 points d’observation :

- 729 puits de surface,
- 471 forages,

Quant aux périodes de prélevement, elle intéressent les hautes eaux (vers
Avril-Mai) et les basses eaux (vers septembre —octobre).

Les basses eaux sont caractérisées habituellement par les fortes teneurs de
concentration du résidu sec et des nitrates.

2-2-5- Collecte et traitement des données :

La collecte des données des paramétres mesurés par les différents réseaux :
pluviométrique, hydrométrique, piézomeétrique et qualité de I'eau se fait au
niveau des Arrondissements Régionaux des Ressources en eau rattachés
aux Commissariats Régionaux de Développement Agricole (CRDA).

Un premier traitement se fait par les Arrondissements des Ressources en eau
et toutes les données ainsi collectées et traitées sont transmises avec un
commentaire spécifique pour les données de chaque réseau aux services
techniques de la Direction Générale des Ressources en eau qui procedent
alors au traitement complémentaire de ces données avant leur publication
sous forme d’Annuaires.

Ainsi, la Direction Générale des Ressources en Eau publie régulierement les
Annuaires suivants :

- Annuaire Pluviométrique, (publié depuis 1969),

- Annuaire Hydrologique (ou hydrométrique — 1974),
- Annuaire Piézométrique (1992),

- Annuaire de la Qualité de I'eau (1997).

Nous signalons aussi que la Direction Générale des Ressources en Eau
publie par ailleurs d’autres Annuaires dans le cadre de suivi des ressources
en eau comme :

- Annuaire de I’exploitation des nappes profondes (depuis 1972),
- Situation de I'exploitation des nappes phréatiques (dont la
profondeur est inférieure a 50 m) publié périodiquement, une fois
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tous les 5 ans depuis 1980. Nous avons par conséquent publié les
situations de 1980, 1985, 1990, 1995 et 2000.

- Annuaire de la Recharge Artificielle des nappes (1992). C’est un
annuaire qui collecte et traite les données des sites de recharge
artificielle des nappes, réparties a travers toutes les région du pays
et notamment dont les nappes sont affectées par une
surexploitation de leurs ressources.

2-2-6- Conclusions générales :

L’ensemble des données collectées, traitées a partir des différents réseaux de
suivi des ressources en eau et publiés sous forme d’annuaires sont a la
disposition :

- des décideurs du secteur de l'eau en Tunisie, a savoir les
Départements ministériels avec leurs Organismes intervenant dans
le secteur,

- des chercheurs des Institutions de Recherche Scientifique et de
I'Enseignement Supérieur,

- des Bureaux d’Etudes et d’Ingénieurs Conseils chargés des projets
d’Etudes et d’Aménagements du secteur de I'eau tels que : Projets
de construction de Barrages, d’aménagement de Périmétres
irrigués, de construction de routes, Autoroutes, ouvrages de
protection des villes contre les inondations, stations d’épuration des
eaux domestiques et industrielles etc.

En résumé, le suivi de la ressource en eau a travers les différents réseaux
existants permet aux Décideurs planificateurs d’arréter de la fagon la plus
précise les différents projets de développement DURABLE que connait la
Tunisie durant les plans quinquennaux de développement socio-économique.

2-3- VULNERABILITE ET RISQUE DE DEGRADATION DE
L’EAU SOUTERRAINE :

Avec un taux de 88,5 d’exploitation globale des eaux souterraines (soit 1900
Millions de m3/an d’exploitation sur 2145 Millions m3/an de ressources
exploitables) et un taux de 81 % de mobilisation des eaux de surface (soit
1700 millions de m3/an mobilisés sur 2100 Millions de m3/an mobilisables), il
devient impérieux de préter une attention particuliére a la sauvegarde et la
conservation de nos ressources en eau, soumises de plus en plus aux
risques de pollution.

2-3-1- Les risques de pollution hydrique :

Page 299



ACSAD-BGR Technical Cooperation Project

Management, Protection and Sustainable Use of Groundwater and Soil Resources in the Arab Region
Volume 5 - Guideline for the Delineation of Groundwater Protection Zones

ANNEX C-3 — Evaluation of the Current Practice of Water Protection in Tunisia

La pollution des ressources en eau qui entraine la dégradation de leur qualité
naturelle, reste intimement liée aux différents secteurs d’activités de 'homme
a savoir les secteurs domestique industriel, minier et agricole.

1) Les rejets domestiques et urbains :

Ce sont les rejets que l'on remarque le plus souvent a la périphérie des
agglomérations urbaines (bien visibles pour les dépdts d'ordures ménageres)
et méme des agglomérations rurales érigées ou non en communes, ou le lit
des cours d'eau riverains (oueds souvent a sec) constitue le "lieu habituel ou
préféré" de tous les rejets domestiques liquides et/ou solides.

Les déchets urbains solides comportent souvent plusieurs produits
susceptibles de se fermenter pour étre lessivés par la suite par les eaux
pluviales entrainant la formation de filtrats a forte concentration en sulfates,
chlorures et Ammoniac.

Les rejets urbains liquides (eaux usées) contiennent par contre, de fortes
concentrations en alcalins et détergents produits par les lessives. Ces
produits sont a l'origine du développement des concentrations élevées en
bactéries.

2) Les rejets industriels :

Les rejets industriels renferment souvent des éléments extrémement toxiques
comme :

- les cyanures, sulfates et baryte provenant des industries minérales,

- les résidus riches en sulfates et en mercure provenant des
industries du papier,

- les composés chloriques et phénoliques ainsi que des métaux
lourds et des graisses provenant des industries pétrochimiques

La liste des éléments toxiques peut étre plus exhaustive en fonction de la
nature des différentes industries implantées sur tout le territoire notamment
les grands centres industriels du pays tels que Tunis, Bizerte, Sfax, Kasserine
et Gabeés...

Les eaux de refroidissement constituent I'un des principaux résidus polluants
industriels. Ces eaux contiennent souvent de fortes concentrations en sels
dissous et sont a température plus élevée que celle du milieu ambiant, ce qui
facilite la dissolution des sels du sol et entraine le dépérissement et la mort de
la faune et de la flore.
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3) Les rejets miniers :
Ce sont les centres miniers de phosphate, de fluobar, du complexe Zinc et
Plomb qui contribuent par leurs rejets de stériles concentrés en éléments
toxiques, a dégrader la qualité des ressources en eau ainsi que
I'environnement en général avec ses composantes du sol, de la flore, de la
faune et de l'air.

Les champs d'hydrocarbures (pétrole et gaz naturel) constituent aussi un
important exemple de pollution chimique résultant du mode d'exploitation de
ces produits qui est associée au rejet d'eau résiduelle fortement concentrée
en saumures.

4) L'épandage des fertilisants et des pesticides :

C'est une pollution due essentiellement a l'activité agricole de I'homme
provenant de ['utilisation des engrais chimiques pour améliorer la production
du sol ainsi que de l'utilisation des insecticides, des pesticides et de
l'irrigation. Cette pollution agricole peut étre chimique ou bactériologique.

La pollution bactériologique des eaux résulte de la fermentation des
composants organiques (résidus agricoles, engrais organiques ou minéraux).
Elle se traduit par la prolifération dans I'eau, des bactéries et des virus.

Quant a la pollution chimique, elle résulte de I'emploi des produits chimiques
ou organiques solubles dans l'eau et qui s'infiltrent jusqu'a la nappe
souterraine a la suite des pluies et/ou de l'irrigation. Les nitrates constituent
les polluants agricoles les plus répandus.

5) La surexploitation des nappes aquiféres cétiéres :

Etant donné leur équilibre hydrodynamique fragile, I'exploitation des nappes
phréatiques cétieres doit étre menée avec beaucoup de précaution. Sinon, la
rupture de cet équilibre est inévitable en cas de surexploitation de leurs
réserves. Ce qui engendre par conséquent, leur contamination par les eaux
marines chargée en sels.

Cette contamination des nappes coétieéres aboutit souvent a leur invasion
compléte par les eaux salées, est irréversible. Cette invasion marine des
nappes touche actuellement presque la totalité des nappes cétiéres du pays
depuis le Cap Bon au Nord Est jusqu'a Djerba-Zarzis au Sud-Est en passant
par le Sahel de Sousse et de Sfax au Centre-Est.

En plus des nappes cétiéres, la contamination par les eaux salées a atteint
certaines nappes intérieures avoisinantes des sebkhas ou l'intrusion des eaux
salées a partir des sebkhas suit un processus similaire a celui affectant les
nappes cotieres.
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2-3-2- Etat Actuel de la Pollution Hydrique :

C'est la carte des sources potentielles de pollution hydrique, établie par les
Services de la Direction Générale des Ressources en Eau au Ministére de
I'Agriculture, de 'Environnement et des Ressources Hydraulique qui donne un
apercu global sur la répartition spatiale des sources de pollution hydrique
ainsi que leur nature a travers tout le pays.

Cette carte est a sa troisieme édition. La premiére édition remonte a 1978 et
elle a représenté essentiellement les pollutions d'origine chimique et
bactériologique.

L'édition de 1988, représente une réactualisation de celle de 1978, toutefois
les enquétes de terrain ayant permis la collecte des données étaient plus
exhaustives afin de mieux cerner l'origine de la pollution : affectant
particulierement le Domaine Public Hydraulique D.P.H. (c'est a dire le
domaine des Ressources en eaux de surface et souterraines : sources,
nappes et cours d'eau de toutes sortes et ses composantes artificielles
comportant tous les ouvrages hydrauliques de toutes sortes : barrages,
barrages collinaires et lacs collinaires).

Quant a I'édition actuelle (datant de 1996), elle constitue une réactualisation
de celle de 1988. Elle montre une prédominance de la pollution urbaine
(essentiellement domestique) et organique, concentrée sur les zones cbtiéres
du Nord- Est et du Centre-Est.

La réactualisation de 1996 a permis d'enrichir le fichier déja établi en 1988 qui
donne une description détaillée des divers points de rejets avec leur
localisation sur des extrait de cartes topographiques a I'échelle 1/50.000e. Ce
qui permet une analyse plus fine du phénomeéne de pollution du D.P.H. et
conduit ainsi les décideurs a prendre les mesures nécessaires pour le
préserver de toute dégradation. Parmi ces mesures nous signalons
I'extension du réseau d'assainissement communal qui est pris en charge de
plus en plus par I'Office National de I'Assainissement : ONAS.

3- LUTTE CONTRE LA POLLUTION HYDRIQUE :
(Aspect Réglementaire)

L'accroissement de la mobilisation et de I'exploitation des ressources en eau
entraine leur dégradation aussi bien qualitative que quantitative. C'est
pourquoi la Tunisie, pays aride a semi-aride qui connait un développement
important de la mobilisation et de I'exploitation de ses ressources en eau doit
faire face a leur dégradation.

Pour faire face a la dégradation des ressources en eau les mesures a
entreprendre peuvent étre d'ordre :
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- réglementaire,
- préventif et technique,
- dissuasif,

3.1. Les mesures réglementaires :

En Tunisie, nous disposons d'une bonne Iégislation qui n'a cessé d'évoluer au
cours des années 1990 afin de sauvegarder nos ressources en eau de toute
dégradation, qu'elle soit qualitative ou quantitative.

Parmi les textes législatifs en vigueur nous citons :

a) Le Code des eaux : promulgué par la loi n° 75-16 du 31 Mars 1975
qui comporte pas moins d'une trentaine d'articles (cf. Art 109-139) fixant les
modalités pratiques de la lutte contre la pollution hydrique.

b) Le décret n°® 85-56 du 2.01.85 fixant les conditions de rejet dans le
milieu récepteur, pris en application du Code des eaux. Ce décret a été
complété par un arrété du Ministre de I'Economie Nationale du 20.07.89 fixant
les normes de rejet dans le milieu récepteur a savoir : Le Domaine Public
Hydraulique, le Domaine Public Maritime et le réseau des canalisations
d'Assainissement Public.

c) Le décret n° 91-362 du 13.03.91 réglementant les procédures
d'élaboration et d'application des études d'impact pour tout projet ayant
un impact sur lI'environnement, notamment sur l'eau, le sol et I'air. Depuis sa
promulgation, ce décret a permis d'éviter les effets indésirables de projets
polluants, soit par leur annulation pure et simple, soit par la prise des mesures
nécessaires pour le traitement de leurs rejets polluants.

Parmi les grandes études d'impact réalisées, nous citons :

- I'Etude de l'impact des Aménagements Hydrauliques sur le lac
Ichkeul (1992-1996),

- I'Etude d'impact de la mise en terril du phosphogypse des industries
chimiques de Gabés (1997-2001),

- I'Etude d'impact des Laveries de phosphates du Bassin minier de
Gafsa (1999-2003).

d) L'instauration de périmeétres de sauvegarde et d'interdiction des
ressources en eau, notamment au niveau des nappes cétiéres surexploitées
du Cap Bon, du Sahel, de Sousse et de Sfax, ainsi que certaines nappes
intérieures du Centre (Kairouan, Sidi Bouzid) et du Sud (Gabeés et Kébili).
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3.2. Les Mesures préventives et de traitement de la
pollution :

En plus de la législation spécifique a la lutte contre la pollution hydrique et qui
peut étre considérée comme mesure préventive, nous citons ici les
principales actions de traitement, de suivi et de controle de la pollution
hydrique.

a) Traitement de la pollution hydrique :

c'est l'action de dépollution des ressources en eau, menée essentiellement
par I'Office National de I'Assainissement (ONAS) : Organisme chargé de la
collecte et du traitement des eaux usées surtout d'origine urbaine et
domestique.

Depuis sa création en 1974, 'ONAS ne cesse de développer ses activités
pour prendre en charge I'assainissement de plus en plus de Communes.

Parallélement a la prise en charge de I'assainissement de plus en plus de
communes, I'Office National d’Assainissement ne cesse d’étendre son réseau
de stations d’épuration et de conduits de collectes d’eaux usées notamment
domestiques mais aussi industrielles. Ce qui contribue largement a la
préservation des ressources en eau de la Tunisie, d’autant plus que la
principale source potentielle de leur pollution provient des eaux usées
rejetées sans traitement dans le milieu récepteur représenté par le domaine
public hydraulique : D.P.H.

Il en résulte donc que l'action de I'Office National de I'’Assainissement doit
étre poursuivie afin de préserver de mieux en mieux nos ressources en eau.

Si l'action de I'ONAS en milieu urbain demeure bénéfique pour la
conservation de nos ressources en eau, il n'est pas moins important de
prévoir et méme promouvoir un organisme similaire a 'ONAS qui s'occuperait
de l'assainissement des agglomérations rurales. D'autant plus que la desserte
en eau potable rurale, connait des améliorations notables au cours des
derniéres années (le taux actuel de desserte en eau potable rurale est de 82
%). Il serait donc indiqué de donner la priorité aux agglomérations rurales
desservies en eau potable par la SONEDE (Société Nationale d'Exploitation
et de Distribution des Eaux) pour leur prise en charge par 'ONAS ou tout
autre organisme semblable.

b) Le contréle et le suivi de la pollution hydrique :

Le contrdle et le suivi de la pollution hydrique sont assurés conformément aux
dispositions du code des eaux par :
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- |'établissement de cartes spécifigues comme la Carte des sources
potentielles de pollution hydrique déja citée ainsi que la Carte de
Vulnérabilité des ressources en eau a la Pollution. La Tunisie
dispose déja d'une carte de vulnérabilité établie depuis 1975 a
I'échelle 1/500.000 couvrant le nord du pays,

- La mise en place de réseaux de mesures et d'observation des
ressources en eau tels que les réseaux de suivi des Ressources en
eau déja cités (Réseaux: Pluviométrique, hydrométrique,
piézomeétrique, exploitation des nappes et suivi et contréle de la
qualité des ressources en eau).

c) Les périmeétres de sauvegarde et d'interdiction :

Ce sont les périmeétres d'interdiction (9) et les périmétres de sauvegarde (16)
qui ont été instaurés sur les nappes surexploitées particulierement des zones
cétiéres et certaines nappes intérieures du Centre et du Sud du pays.

L'ensemble des mesures préventives et de traitement de la pollution hydrique
qui ont été prises par la mise en place des réseaux de mesures et
d'observations, l'instauration des périmétres de sauvegarde et d'interdiction et
la construction des stations d'épuration des eaux usées, permettra d'établir un
Plan Directeur de la maitrise de la pollution hydrique, outil indispensable pour
la conservation des ressources en eau.

3-3- Les mesures dissuasives :

La création de I'Agence Nationale pour la Protection de I'Environnement :
ANPE, créée en 1988 est venue renforcer I'application du Code des eaux.

En effet, les contréleurs de I'ANPE ont plus de latitude a dresser des procés-
verbaux a I'encontre des contrevenants aux dispositions du Code des eaux
notamment en matiére de pollution de I'environnement y compris les rejets
polluants dans le Domaine Public Hydraulique.

Les amendes infligées aux contrevenants peuvent étre lourdes et atteindre
les 100 000 Dinars (1 Dollar US = 1,4 Dinar Tunisien).

Si 'ANPE est habilitée a jouer un role dissuasif a I'encontre des pollueurs en
appliquant le principe du pollueur-payeur, il n'en reste pas moins qu'elle a la
charge de la gestion du Fonds de Dépollution (FODEP) qui permet de venir
en aide surtout aux industries polluantes, ainsi que tous les pollueurs
potentiels, de se doter des moyens leurs permettant de traiter leur pollution.

C'est ainsi qu'un vaste programme de dépollution est entrepris par I'ANPE au
niveau des industries polluantes comme les tanneries qui ont été invitées a se
doter de stations d'épuration préliminaire de leurs eaux usées avant leur rejet
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dans les canalisations publiques d'assainissement de I'ONAS, afin de
respecter les normes de rejet instituées par I'Arrété du 20.07.89.

3-4- Contraintes pour Papplication de la réglementation :

Quelque soit le dispositif réglementaire dont dispose un pays pour le contrdle
de la pollution hydrique, son application reste toujours tributaire de la volonté
des Autorités (qu’elles soient politiques ou administratives) pour assister les
différents services ayant a leur charge le suivi des ressources en eau
quantitativement et qualitativement.

La lourde tache revient aux services techniques de bien démontrer aux
décideurs la validité de leurs arguments quant a la nécessité de sauvegarder
les ressources en eau de toute dégradation de leur qualité.

Toutefois, nous signalons qu’en Tunisie, étant donné que ses ressources en
eau sont limitées et sont a un stade trés avancé d’exploitation et de
mobilisation, les Autorités (politiques et administratives) sont trés sensibles a
la question de l'eau (notamment en période de pénurie comme la
sécheresse qu’a connue au cours des derniéres années 2000, 2001 et 2002).

Néanmoins, dans certaines régions sensibles du pays, les ressources en eau
notamment souterraines connaissent une surexploitation parfois intensive
sans que pour autant, les Autorités agissent pour aider les services chargés
du suivi de I'exploitation de cette ressource a réduire cette surexploitation.

Mais comme le Code des eaux, date de 1975, lapplication de ses
dispositions n’a commencé qu’au cours des années 1980 pour instaurer les
périmétres de sauvegarde et d’interdiction des ressources en eau. Et la
création de I'’Agence Nationale de Protection de 'Environnement en 1988 n’a
fait que renforcer le dispositif réglementaire pour le suivi de la ressource en
eau.

Néanmoins, le corps de la police des eaux reste encore limité et devait étre
renforcé en moyens matériels et humains.

Toutefois, il semble que les Autorités du secteur de I'eau en Tunisie préférent
les méthodes douces plutdét que les méthodes dissuasives réglementaires
(que permet le dispositif juridique existant).

Les méthodes douces sont surtout de sensibilisation et d’information du grand
public sur les différents aspects de la ressource en eau.

De ce point de vue, la Tunisie reste un pays presque modele pour la bonne
gestion de ses ressources en eau, d’autant plus qu’il est 'un des pays les
plus démunis en eau avec moins de 400 m® d’eau par habitant. Alors que le
seuil de pauvreté en eau est de 1000 m? par habitant.
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IV - CONCULSIONS ET RECOMMANDATIONS :

Etant donné le stade avancé de la mobilisation et surtout de I'exploitation des
ressources en eau en Tunisie a savoir :

- 81 % des eaux de surface sont mobilisées ;
- 88,5 % des eaux souterraines sont exploitées ;

leur conservation de toute altération qualitative et/ou quantitative devient
impérative et méme prioritaire par rapport a la recherche de nouvelles
ressources souterraines et/ou la réalisation de nouveaux projets de
mobilisation d’eau de surface. Sachant que les efforts déployés pour la
reconnaissance et la recherche de nouveaux horizons aquiféres et/ou la
mobilisation des eaux de surface, des colts de plus en plus onéreux pour des
résultats obtenus souvent modestes.

Afin d’assurer une gestion durable de la ressources en eau il y a lieu :

1) de renforcer et poursuivre les différents réseaux de suivi et de
contréle de la ressource. C’est ainsi que la Tunisie a entrepris dans le cadre
du PISEAU (Programme d’investissement du secteur de I'eau 2001-2005) de
consolider les actions pilotes suivantes :

- Mise en place d’'un Systéme National de suivi des ressources en
eau : SINEAU,

- Optimisation des réseaux de suivi de la ressources en eau
(Réseaux pluviométrique, hydrométrique, piézomeétrique, qualité de
'eau, exploitation des eaux souterraines),

- Développement de la Recharge Artificielle des nappes (affectées
par la surexploitation) a partir des eaux excédentaires des barrages
et des eaux usées traitées (produites par TONAS),

- Modeles de gestion des nappes d’eaux souterraines,
- Gestion participative des nappes d’eaux souterraines ;

2) de renforcer le dispositif réglementaire par des moyens appropriés
notamment humains en les dotant de moyens matériels adéquats tels que le
mateériel roulant pour intervenir a temps sur les lieux de pollution de la
ressource en eau par les rejets de toutes sortes qui pourraient survenir par
tous les temps a travers tout le pays.
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Part A

GROUNDWATER PROTECTION ZONES IN SYRIA

1. Introduction

The Syrian Arab Republic (Syria) is administratively divided into 14 Governorates
(Mohafazat), namely:

Governorate of Damascus or Damascus City
Governorate of Damascus Countryside
Governorate of Homs

Governorate of Hama

Governorate of Aleppo

Governorate of Latakia

Governorate of Tartous

Governorate of Idlib

Governorate of Raqqga

10. Governorate of Dair Ezzor

11. Governorate of Hasakeh

12. Governorate of Deraa

13. Governorate of Sweaida

14. Governorate of Qunaitra

©CONOOARWN =

Syria is hydrologically divided into 7 principal basins:

Barada and Awaj Basin
Yarmouk Basin

Assi Basin

Coastal Basin

Tigris & Khabour Basin
Euphrates Basin

Badia Basin

Nooakwh =

Figure (1) shows the administrative boundaries in Syria, Figure (2) the limits of the hydrologic
basins. The water resources originating in side the boundaries of the Syrian Arab Republic
are estimated to be 9700 MCM per year on the average.
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Figure 2: Hydrological Basins of Syria
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2. Institutional Environment

Water is considered in Syria as a public property owned by the government. There are four
Ministries dealing directly with the water issue in Syria, namely:

1- Ministry of Irrigation

2- Ministry of Housing and Utilities

3- Ministry of Agriculture and Agrarian Reform
4- State Ministry of Environment

The Ministry of lIrrigation (MI) is responsible for the studies of water resources, their
protection from depletion and pollution, and their allocation for different uses. It is responsible
also for the study and implementation of all water structures and irrigation projects for
agricultural purposes as well as their operation and maintenance.

The headquarters of Ml is in Damascus, it comprises the following:

1- The Minister and four Minister Assistants, and few consultants.
2- Thirteen Central Directorates, namely:

. of Training, research, and informatics
. of Water resources

. of Exploitation and maintenance

. of Public water pollution control.

. of Contracts.

. of Legal affairs

. of finance

. of Studies

. of Vehicles

. of Planning

. of Internal control

. of Execution

. of Administrative affairs

O00O0O0000O0O0O0O0O0U

In addition to the above mentioned central directorates, there are seven general directorates
belonging to MI, each one of them is responsible for a hydrologic basin, these seven general
directorates are:

1- The General Directorate of Irrigation (GDI) for Barada and Awaj Basin, located in
Damascus.

2- GDI for Badia basin, located in Homs.

3- GDI for Assi Basin, located in Hama.

4- GDI for Coastal Basin, located in Latakia.

5- GDI for Yarmouk Basin, located in Dara’a.

6- GDI for Tigris and Khabour Basin, located in Hasakeh.

7- GDI for Euphrates + Aleppo Basin, located in Thawra.

Each general directorate of irrigation is authorized to study and implement all water projects
in the relevant basin, it comprises thirteen divisions similar in function to the thirteen central
directorates in the Ministry but on basin scale. The role of the central directorates is to
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supervise and check the studies carried out in the general directorates of irrigation and to
provide expertise and consultation whenever necessary.

The Ministry of Housing and Utilities (MHU) is responsible for setting the master plans for all
cities, towns, and villages in Syria as well as providing drinking water and sewerage facilities
for them. This ministry is responsible also for all mass housing projects. MHU takes care of
drinking water and sewerage thru fourteen general establishments of drinking water and
sewerage existing in the fourteen governorates of Syria. These establishments are
responsible for exploiting the drinking water resources allocated by the Ministry of Irrigation
and for the distribution of drinking water in their relevant governorate as well as for sewerage
networks and water purification and treatment plants.

Drinking water cost and sewerage treatment fees are collected by the above mentioned
general establishments and delivered to the Ministry of finance who allocates budgets for all
ministries and general establishments. Water tariff is the same allover Syria.

The main role of the Ministry of Agriculture and Agrarian Reform in the water issue is the
annual allocation of areas to be irrigated or planted in light of available surface water and
groundwater resources.

The role of the Ministry of Environment in the water issue has been defined in law number 50
dated 28/7/2002. This law haws given the ministry wide authorities for monitoring water
quality and for the protection of the water environment.

Each one of these two ministries is represented in each governorate of Syria by a local office
called Directorate.

3. Questionnaire
1) Is there a law in place to allow for the delineation of groundwater protection zones ?

The Legislation for groundwater protection zones was initiated in Syria in 1970 when decree
number 2145 was issued to establish the Directorate of Public Water Pollution Control as a
new directorate belonging to the already existing Ministry o Public Works and Water
Resources. Decree 2145 has given wide authority to the Directorate of Public Water
Pollution Control to take all necessary measures to deal with water pollution in rivers, sea,
springs, wells, and all public waters (Article 3, item B-8).

In 1982, law number 16 was issued to establish the Ministry of Irrigation. One of the main
tasks of this ministry of the protection of the water resources from all forms of pollution and
the preparation of the relevant legislations.

In 1986, law number 17 was issued. By this law a general directorate of irrigation was
created in each one of the seven hydrologic basins of Syria. Each directorate is
administratively and financially independent but supervised by the Ministry of Irrigation. Each
directorate is responsible for the study, development and exploitation of the water resources
in the relevant basin as well as for protecting these resources from depletion or pollution.

In 1989, law number 10 was issued for the protection of Figeh spring from pollution.

The most recent legislation for groundwater protection is the decision number 386 dated
18/1/2003 issued by the Prime Minister which prohibited the drilling of wells for agricultural
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purposes in all the hydrologic basins of Syria. This decision defined regulations for licensing
wells for drinking, industrial, and touristic purposes only. Even governmental bodies must
have a license before drilling any water well. This decision has emphasized on delineating
protection zones for drinking water wells as well as for springs, foggharas, and water
courses. Violators of this decision are subject to severe punishments.

2) Have groundwater protection zones already been established (how many) ?

In compliance with Decree number 2145 of 1970, the Ministry of irrigation has
established a committee called “Central Committee for Protection Zones, headed by
the Minister Assistant. This committee comprises all specialties necessary for
studying water resources protection zones. A similar committee was formed in every
general directorate of the seven hydrologic basins. As a result of the work of these
committees, more than 45 ministerial decisions for establishing protection zones
have been issued. Each decision is accompanied with a topographic map
delineating the limits of the protection zones. Out of these decisions there are 26
concerning springs and wells, the others deal with dam lakes from which water is
taken for drinking purposes and with foggharas.

3) Which restrictions are imposed on land use activities in the protection zones ?

In 1980, the Ministry of Public Works and Water Resources issued Ministerial Decision
number 393 including guidelines for delineating protection zones for water resources. The
major parts of the guidelines were taken from the German norms. These guidelines imposed
three prohibition zones for springs:

A — Intensive Prohibition zone, which must be appropriated in favor of the Ministry of Public
Works and Water Resources or the General Establishment of Drinking water that is
exploiting the water resource for the protection zone is delineated. In this zone all
activities are prohibited with the exception of forest trees. This zone is intended to
prevent any direct pollution.

B — Direct Prohibition zone, which covers part of the recharge area that is sufficient for self
purification of the groundwater. The extent of this zone depends on the environmental,
geological, geographical, and socio-economical conditions in the recharge area. The
restrictions that are imposed on land use activities aim at protecting the water quality
and they include in general:

- Protection from flooding and construction of impermeable sewage network.

- Coverage of base rock and filling of holes by clean impermeable materials.

- Prohibition of industries that have dangerous wastes.

- Prohibition of first class roads, camps, or training centers.

- Monitoring and control of the use of fertilizers and pesticides, and prohibition of
hazardous types.

- No sewage water treatment plants are allowed in this zone.

C — Peripheral Protection Zone, which covers the rest of the recharge area of the
spring. In case large springs having an extended recharge area, the peripheral
protection zone is divided into two sub zones:

Sub Zone A: Covering areas that are within 2 Km from the spring.

Sub Zone B: Covering the rest of the recharge area. The restrictions on land use
inside the peripheral protection zone are less severe than those in the direct
protection zone. They aim at protecting the groundwater from contamination
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with chemical and radioactive materials and other dangerous materials like
petroleum fractions, poisons, and mining wastes.

The Legislations for groundwater protection zones are issued as ministerial decisions by the
Minister of irrigation. Only in one case which is the case of Figeh spring, the protective zones
were delineated by a law signed by the President of the Republic (law Number 10 dated
March, 1989) after thorough discussions in the Parliament, this was due to the vital
importance of Figeh spring which is the main drinking water source for Damascus city. The
law was based on profound study of the hydrogeologic and socio-economic conditions of the
recharge area of Figeh spring that was performed by a French firm (SOGREA) in 1980 and
resulted in the proposal of 3 protection zones: Intensive protection zone, direct protection
zone, and peripheral protection zone. The later zone includes the whole recharge area of the
spring amounting to 770 Km?.

As for drinking water wells which are normally close to inhabited areas, only zones A
and B are delineated.

4) How are the restrictions being enforced ?

Violations to the restrictions imposed by the ministerial decisions regarding protection zones
(in case of Figeh spring law No. 10 of 1989) are monitored by employees of the Ministry of
irrigation and the Ministry of Housing and Utilities who should inform the representatives of
the Ministry of Local Administration and the police in order to prevent the violation. In case
of serious violations, police transfer violators into court which judges in compliance with the
civil Syrian law.

There are a lot of problems with local inhabitants when enforcing the legislations concerning
protection zones.

5) Which methods are being used for the delineation of groundwater protection zones ?

Each year, the protection zones committee in each one of the seven hydrologic basins
reports to the central committee of protection zones in the Ministry of irrigation a proposal for
establishing protection zones for the water resources it deems necessary to protect in the
basin. The control committee coordinates the received proposals giving priorities to the
water resources for drinking water and to the resources that are more vulnerable to
pollution. This committee issues eventually an annual work plan for delineating protection
zones taking the technical and financial possibilities into consideration. In compliance with
this plan, each basin committee implements the necessary hydrogeologic and socio-
economic investigations and prepares a draft ministerial decision delineating the protection
zones for the relevant water resources. The draft is then discussed in the central committee
for approval by the Minister of Irrigation. When the decision is issued, the general directorate
of irrigation of the relevant basin becomes responsible for the implementation of the
decision.

6) What are the sizes of zones 1,2,3 ?

The sizes of zones 1,2, and 3 depend on many factors. The discharge of the water source
and the water use are the most important factors. The availability of enforcing the protection
zones on the ground is another important factor. The extent of the recharge area and the
hydrogeologic and socio-economic conditions as well as the existing and future important
factors. In general, the size of zone 1 which must be appropriated is few hectares, the size
of zone 2 is some tens of hectares, while the size of zone 3 ranges between some square
kilometers to some hundred square kilometers. For example, in the case of Figeh Spring
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which is totally used for drinking water the sizes of zones 1,2, and 3 are 11 ha, 57 ha, and
770 km? respectively. While in the case of Barada spring which is used for drinking water
and irrigation, the sizes of zones 1,2, and 3 are 1.5 ha, 10 ha, and 46 km? respectively.

7) Which other measures are in place to protect the groundwater resources ?

There are several other measures in place to protect the groundwater resources. The most

important of which are:

A-  The Ministry of Irrigation cooperates with the Ministry of Housing and Utilities during the
study phase of master plans for villages and towns in order to exclude protection zones
from urban extension. In some cases some already approved master plan were
modified to avoid urban extension inside the intensive and direct protection zones (case
of Mzairib spring).

B- The Ministry of Irrigation cooperates with the Ministry of Petroleum, so that the path of
crude oil pipelines and the petroleum fractions pipelines avoid water resources
protection zones. When it is deemed impossible, the pipeline is constructed inside a
concrete canal with suitable slopes to drain any petroleum seepage outside the
protection zone like in the case of Banias spring in the coastal basin.

C- The Ministry of Irrigation coordinates with the Ministry of Environment in order to make
the intensive protection zone an environmental reservation like in the case of Sinn
Spring in the Coastal Basin.

D- The Ministry of Irrigation cooperates with the Ministry of Defense so that the placement
of military camps are far from the protection zones of wells and springs.

E- The Central Committee for Protection Zones always tries its best in order to find
suitable solutions for accidental pollution problems. For example, when Tannour Spring
in Assi Basin was polluted by nitrates and became vulnerable to be depleted, the
committee took measures to close wells in the recharge area of the spring, and
prohibited the use of fertilizers and pesticides and permanent irrigation in the direct
protection zone.

F-  The Ministry of Irrigation cooperates with the Ministry of Agriculture and Agrarian
Reform to guide farmers how to use treated sewage water for irrigation. Farmers are
guided to use less chemical fertilizers with treated sewage water in order to protect
drinking water wells from pollution in Damascus Ghouta.

G- The Ministry of irrigation endeavors to upgrade the efficiency of personnel working in
the study and implementation of protection zones by sending them to training courses.

H-  The Ministry of Irrigation monitors the quality of treated sewage water to get sure of its
disinfection.

I- The Ministry of Irrigation endeavors continuously to update the legislations concerning
groundwater protection whenever new technologies are available.

8) Is a groundwater monitoring network for groundwater quality control established
and functional ?

In every hydrologic basin in Syria, there is a groundwater monitoring network. The water
level is monitored monthly or every three months in all wells of the network. Samples for
water quality monitoring are taken every three months from some wells of the network.
Special attention is given to monitoring heavy metals. Samples are taken from important
springs to monitor water, quality. In Barada& Awaj Basin, there are 140 wells for monitoring
water levels, 29 of them are used for water quality monitoring.
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9) Have maps of groundwater vulnerability been prepared ?

No groundwater vulnerability maps have been prepared yet in Syria. However, some studies
for sea water encroachment towards fresh groundwater in the coastal basin have been
conducted and appropriate measures based on these studies were taken. Vulnerability
maps for some pilot areas will be prepared in the near future.

10) Are guidelines/laws/by-laws in place to control the quality of emissions into
surface and groundwater (sewage water/effluent standard) ?

Specifications for industrial effluents into Barada River and Assi River are already in place.
There are also Syrian specifications for effluents discharged into the sewage network aiming
at ensuring the operation of the sewage water treatment plants with high efficiency.

The Directorate of Public Water Pollution Control has established guidelines defining
specification of all the effluents that are to be discharged into sea, rivers, and water courses.
There are ongoing studies to issue standard specifications based on these guidelines.

11) Is there a law/by-law/guideline for the design and monitoring/control of waste
disposal sites ?

The guideline for the design and control of waste disposal sites is included in Decree 2145
of the year 1971 which gave the Directorate of Public Water Pollution Control (DPWPC) the
authority of monitor the pollution of all public waters. This directorate has established a
water quality monitoring network along the courses of the main rivers in Syria. This net work
comprises:

26  Stations on Assi River

36 Stations on Barada River

13 Stations on Euphrates River

6 Stations on Kabir Shamali River

6 Stations on Yarmouk River

Monthly samples are taken from each station. The elements monitored are: Discharge, BOD,
SS, Ammonia, Nitrates, PH, and temperature in addition to other pollution indicators
depending on the discharged effluents. The length of record in the stations ranges between
10 to 25 years. DPWPC monitors also the industrial waste effluents upon discharging outside
factory, the elements monitored depend on the type of industry. All samples are analyzed in
DPWPC labs, the results are reported to the relevant ministries who order the pollution
source to take the appropriate measures.

12) Is there a law/by-law/guideline for the use of pesticides/fertilizers in
agriculture ?

The Ministry of State for Environmental Affair supervises the importation of all pesticides in
Syria. This ministry defines the prohibited pesticides. Any importation of pesticides by public
or private sector needs a license from the ministry and the customs.

The use and importation of fertilizers is guided by the Ministry of Agriculture and Agrarian
Reform who guides farmers on the farm level how to use fertilizers and pesticides in a way
that not causes pollution to the product or to groundwater.

The Ministry of Irrigation upon preparing the decisions for protection zones states that the
use of fertilizers and pesticides in zones 2 and 3 is subject to the supervision of the
directorates of agriculture when agriculture is permitted in said zones.
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13) Is there a law/by-law/guideline for environmental protection/environmental
impact assessment ?

The Ministry of State for Environmental Affairs was created in 1991 by presidential decree
number 11. The task of this ministry is the preservation of the environment in Syria. In 199x
the supreme council for Environmental Safety was established in the Cabinet and became
responsible for licensing industries and structures having polluting effluents.

In 199x the Ministry of State for Environmental Affairs established a directorate for
environmental impact assessment. This directorate became responsible for studying the
environmental impacts of every new industrial project and for setting the necessary
precautions and measures that should be applied to protect the environmental elements
before licensing any project.

In 2002 law number 50 was passed by the parliament which is called the Environmental Law.

The main features of this law are:

J- It enabled the Ministry of State for Environmental Affairs to set the environmental
standards and specifications.

K- It created a general organization for environmental affairs and specified its tasks.

L- It developed the supreme council for Environmental Safety and defined its functions.

M- It created a fund for supporting and protecting the environment.

N- It nominated environmental experts who may be appointed by the Minister to inspect
sources of pollution.

O- It considered man caused pollution as a criminal act and imposed sanctions ranging
from financial penalty to ten years in jail.

P- The law permitted the already existing structures causing pollution one year to adapt
with the imposed restrictions and demands.

14) How are groundwater protection demands integrated into land use planning ?

Till now, there is no national plan for land use in Syria. The Ministry of Housing and Utilities
prepares master plans for urban and rural settlements. The Ministry of Irrigation and the
Ministry of Agriculture and Agrarian Reform are involved in delineating the lands to be
reclaimed in compliance with soil classification and water availability. There are legislations
and regulations on the governorate level classifying the land use as agricultural, industrial,
or urban. When studying master plans, the water resources protection zones demands listed
in the relevant legislations are considered and respected.
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Part B

SUSTAINABLE GROUNDWATER RESOURCES
MANAGEMENT IN SYRIA

Questionnaire
1) How is ‘sustainable yield’ defined ?

Sustainable yield is defined as the total abstraction from groundwater that does not cause
depletion to the groundwater reserves. In other works, when we can calculate for each year
the renewable amount of groundwater in each basin and regulate the abstraction purposes
to be within this amount, then we are exploiting our groundwater within the sustainable.

2) Table showing the abstracted amounts/water uses (groundwater and surface water)
for the sectors domestic/agricultural/industrial uses, the ‘safe yield’ and the
‘eroundwater recharge’ (if not identical with safe yield).

The renewable water resources originating inside the Syrian territories amount to 9929 MCM
per year. When speaking about water uses, we have to add the share of Syria from
Euphrates and Tigris rivers which are on the average 6627 MCM per year from Euphrates
and 1250 MCM per year from Tigris, so that the total available water resources are 17806
MCM/year.

Table (1) shows the water uses in Syria for the different sectors in the year 2002:

Table (1): Water Uses in Syria in 2002

Water Use Volume in MCM
Irrigation 13973
Domestic 1070
Industrial 561
Others (including free water surface evaporation) 1962
Total 17566

Source: Ministry of Irrigation- Eng. S.A.Shawaf.
3) What is the share of groundwater in the different sectors of water supply ?

Table (2) shows the share of groundwater in the different sectors of water supply in Syria in
the year 2002:

Table (2): Share of Groundwater in Water Supply

Share of Groundwater
Water Use MCM 7
Irrigation 8048 58
Domestic 761 71
Industrial 325 58
Total 9134

Source: Ministry of Irrigation — Eng. S.A. Shawaf.
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4) What are the main factors influencing the groundwater resources management
decisions (demand driven, economical considerations, sociological considerations, etc.) ?

The main factors influencing the groundwater resources management are:

A. The availability of good quality groundwater in all the Syrian basins at reasonable
depths lead to rely on groundwater for drinking water supply in most rural areas.
Individual farmers rely on groundwater as well in case of no adequate surface water
irrigation network is available.

B. The annual agricultural plan set up by the Ministry of irrigation and the Ministry of
Agriculture and Agrarian reform defines the areas to be irrigated each year on the
basis of surface water availability. Due to economical factors, may farmers exceed
the defined areas and rely on groundwater to get more water for irrigation.

C. In dry years, when the quantities of surface water impounded in dam lakes fail to
cover the irrigation demands, more pumping of groundwater becomes the sole
solution in spite of the drastic water levels drawdown.

5) What are the main problems in groundwater resources management ?

The main problems of groundwater resources management in Syria are:

A. Inadequate coordination between the Ministry of Irrigation who license water wells,
and the Ministry of Interior (police) who should close illegal wells. This leads to the
growth of illegal wells and to the depletion of groundwater.

B. Inadequate groundwater monitoring networks.

C. The technicians who are in charge of groundwater management and monitoring
need continuous education and training.

D. Pollution of groundwater by nitrates due to the use of nitrate fertilizers or treated

sewage water in irrigation. Some drinking water wells have shown high nitrate
content in Dara’a and Idlib governorates, the Ministry of Housing and Utilities was
obliged to abandon the wells and look for another drinking water resource.

E. Salination of groundwater caused by excessive irrigation and poor drainage as in
Raqqa governorate.

F. Excessive pumping of groundwater in the coastal plains between Jableh and Banias
has caused sea water encroachment and deteriorated groundwater quality.

G. Deep groundwater in Badia basin has high salinity in general, the water is not

suitable for drinking or for irrigation. The Ministry of Housing and the Ministry of
Irrigation will start in 2003 to build pilot desalination plants to treat the water and to
introduce desalination technology to Syria.

H. The lack of convenient water legislation. The draft water law is still under discussion
in the parliament, when it will be issued the Ministry of Irrigation will be able to set up
standard specifications for all waters and to control all water uses.

6) Is domestic water supply in the hand of governmental institutions or privatized/semi-
privatized ?

Domestic water supply is in the hand of governmental institutions. In each one of the
fourteen governorates of Syria, there is a general establishment for drinking water and
sewerage belonging to the Ministry of Housing and Ultilities. This establishment is
responsible for supplying drinking water for all houses, offices and commercial activities.
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7) Do the water tariffs cover the costs of installation/operation/ maintenance ? List the
water tariffs for domestic/agricultural/industrial uses.

The water tariffs in Syria cover only the operation and maintenance costs. The installation
costs are paid by the government from the investment budget.

There are two tariffs for water in Syria (Table 3), that are applied allover the country, one for
irrigation water, and another for drinking water.

For irrigation water, annual fees are collected at the rate of 3500 S.P. (equivalent to about $
70) per irrigated hectare. The drinking water tariff effective since 2001 is as follows:

Table (3): Water Tariffs

3 month water consumption (m°) Tariff
(S.P./m%)
1-60 3.00
81:?& ‘113520 Household Consumption
181 Up 19.00
Commercial, Touristic &  Industrial
Consumption 22.00

Government Buildings, Consumption
8.50

When billing, 20% is added on the average to the bill of household consumption to cover
sewerage services, while about 40% is added to the bill of commercial, touristic, and
industrial consumption. As for government buildings consumption, 55% is added for
sewerage services.

8) Which measures are being used for the augmentation of water resources (artificial
recharge, wastewater reuse, watershed/rainwater harvesting, etc.) ?

The measures that are used in Syria for the augmentation of water resources are:

A. Use of treated sewage water:
In Barada and Awaj basin, 18000 hectares are irrigated by the treated sewage water
resulting from Damascus sewage treatment plant. In Assi basin, 100 hectares are
irrigated by the sewage water treated in Salameyeh plant. Upon the completion and
operation of 10 sewage treatment plants there will be 400 MCM per year of treated
water for irrigation.

B. Use of Industrial drainage water:
In Assi basin, 229 MCM per year are used for industry. 29 MCM are consumed and
lost, while 200 MCM are returned to Assi River and used for irrigation after treatment.

C. Use of Irrigation drainage water:
The reuse of irrigation drainage water has less health and environmental hazards
than treated sewage water. 17400 hectares are irrigated by irrigation drainage water
in Ghab development project in Assi basin, the water demand is estimated to be 124
MCM per year.

D. Artificial Recharge of Groundwater:
Damascus Water Supply and Sewerage Authority (DAWSSA) in cooperation with the
Ministry of Irrigation has started since 2001 to recharge the aquifer in Damascus city
by Figeh spring water using large diameter wells and the same pumping wells during
the flood period of Figeh spring. 2 MCM were recharged in 2002.
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E. In Barada basin, hafirs have been used since 1995 for rainwater harvesting. By the
year 2000 there was 34 hafirs with a total storage capacity of 2.9 MCM. Water
spreading has been also practiced since 1993 in Badia basin to increase the soil
humidity. 655 hectares were moistured by this way in 1997.

F. Cloud seeding: The Ministry of Agriculture started in 1992 a project for cloud
seeding. Various methods have been used to assess the feasibility of the project.

9) What is the (approximate) share of groundwater rendered as not usable for domestic
water supply due to poor groundwater quality either a) because of natural conditions or
b) because of pollution ?

The share of groundwater rendered as not usable for domestic water supply differs from one
basin to another in Syria. This share is considered low in general and is estimated to be
between 10-15%.

A. The deep aquifers in Badia basin have high salinity rendering the groundwater
undrinkable.
In the Coastal basin, excessive pumping of wells having originally acceptable salinity
caused sea water intrusion to the aquifers and obliged the Ministry of Housing to rely
on the water of Sinn spring to provide domestic water supply to all the cities and
towns of the coastal strip, which were using local wells in the sixties for drinking.
In Damascus city, some wells have penetrated gypsum lenses in Mezzeh area and
were abandoned as water supply wells because the water taste is bitter.

B. The main pollutants for rendering groundwater wells not usable for domestic water
supply are nitrates and ammonia resulting from excessive use of organic and
chemical fertilizers.

Some well sin the southern part of Damascus city have shown high nitrate content.
They are either abandoned as domestic water supply resources, or the water
pumped from these wells is mixed with Figeh spring water having very low nitrate
content.

Some wells in Yarmouk basin near Deraa city which has been used for drinking were
abandoned upon showing high nitrate content after a new irrigation project was
implemented.

The drinking water wells for Idlib city in Omk plain (Assi basin) were rendered
unusable because the surrounding area which was a marsh has been dried up and
became a permanent irrigation area where excessive fertilizers were used causing
high nitrate content in groundwater. The Ministry of Housing provides now water
supply for Idlib city from Ain Zarka spring in Assi valley.

10) Which water management policies (institutional, regulatory and resources
management measures) have been implemented to achieve a status of sustainable
groundwater resources management ?

The main water management policies that have been implemented to achieve a status of
sustainable groundwater resources management are:

A. Water resources in Syria are considered as public properties owned by the
Government. The Ministry of Irrigation has the right to license for government bodies,
groups of people, or individuals to exploit water resources within legal regulations.

B. Water structures like dams, irrigation canals, drinking water distribution networks, or
aqueducts are implemented owned by the Government who supervises their
exploitation and maintenance.
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Water structures in the private sector or mainly groundwater wells which need
licensing from the Ministry of Irrigation provided that aquifer conditions are adequate.
Water use is managed by the Ministry of Irrigation who is authorized to allocate water
for all users giving priorities to drinking water supplies, then to industrial, touristic,
and irrigations for rationalizing the water use for irrigation encouraging modern
irrigation methods.

In each one of the seven hydrologic basins of Syria, the relevant general directorate
of irrigation is responsible for conducting necessary studies for the development of
water resources in that basin and for the implementation of land reclamation projects
taking into account the reservation of the water environment and the aquatic life.

The Syrian government (Ministry of Irrigation and Ministry of Housing and Ultilities)
has implemented many projects to develop the main springs like Sinn, Figeh,
Barada, Banias, Ain Tannour and to regulate their discharge.

The Ministry of Irrigation conducts studies for exploring deep groundwater aquifers.

A draft water law has been prepared by the Ministry of Irrigation and under
discussion in the parliament. This law updates all existing water legislations and aims
at providing practical basis for the sustainable use of groundwater and surface water
resources.

Capacity building of personnel working in the groundwater domain takes place thru
on job training and contacts with foreign experts as well as thru sending engineers
and technicians for training abroad.
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Part C
GROUNDWATER RESOURCES MONITORING IN SYRIA

Questionnaire
1) Has a monitoring network been established already (since when) ?

Groundwater monitoring network in Syria has been established gradually. Three phases can
be recognized:

A. Between 1956 and 1977 the Ministry of Public Works and Water Resources
(MPWWR) was monitoring few scattered wells, most of them were private.

B. Between 1977 and 1988 MPWWR was contracting with Soviet firms to study the
hydrologic basins of Syria. During the study of each basin there has been a
groundwater monitoring network covering the basin, but data collection was stopped
in most cases after the contract period has elapsed.

C. Between 1988 and 2002 a real groundwater monitoring network has been gradually
established by the Ministry of Irrigation to cover all the hydrologic basins of Syria.

The Damascus Water Supply and Sewerage Authority (DAWSSA) has its own groundwater
monitoring network which covers Damascus city area, Figeh spring and Barada spring
recharge areas since 1987.

2) Who is operating these monitoring networks ?

In each one of the seven hydrologic basins of Syria, the relevant general directorate of
irrigation belonging to the Ministry of Irrigation operates the groundwater monitoring network
in the basin. As already mentioned, DAWSSA operates its own groundwater monitoring
network.

3) How many observation wells are monitored by which facilities (water level: automatic
recorders, pressure transducers, manually) and how often (weekly, monthly, annually) ?

The total number of observation wells that are monitored in Syria was 1952 wells in the year
2002. Monitoring is done manually and monthly. Water levels are monitored in addition to
temperature, PH, and conductivity in most cases.

Table (4) shows a breakdown of the above mentioned wells by basin. These wells shown in
the table, there are observation wells belonging to DAWSSA for monitoring the drinking
water resources of Damascus city.

Table (4): Observation Wells in Syria

Basin Number of Observation Year of Starting
Wells Observations
Barada and Awaj 142 1989
Badia 70 1988
AsSi 210 1988
Coastal 73 1993
Yarmouk 90 1989
Dajleh and Khabour 227 1995
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Basin Number of Observation Year of Starting
Wells Observations
Euphrates + Aleppo 600+240 2002
Total 1652

4) Is groundwater monitoring being conducted for specific purposes (such as monitoring
programs for: water level decline in certain well field areas, pollution control for sewage
treatment plants, waste disposals, etc.) ? List examples.

The general purposes of groundwater monitoring in Syria are:

A. Water balance studies;
B. Environmental monitoring and studies;
C. Water resources management.

However, the frequency and quality of data collection from observation wells may vary
according to specific purposes. For example:

A. Groundwater level and quality monitoring in Barada and Awaj basin provides
essential data for decision makers when allocating water resources for different uses
in the governorates of Damascus and Damascus Countryside. In dry years, most of
the water is allocated for drinking on the account of irrigation.

B. In Assi basin, monitoring wells were drilled around fertilizer factories in Quattina
region in order to study the effect of effluents from the factories on groundwater.
Monthly observations have shown PH values of groundwater ranging between 1 and
4 indicating high pollution.

C. A joint project was conducted by the Ministry of Irrigation and the Ministry of
Environment and supported by the UN University (International network for Water,
Environment, and Health) to study nitrates in the drinking water of some villages in
Damascus Countryside. It was found that drinking water pumped from wells was
polluted by nitrates in the two villages of Rihan and Haush due to the use of sewage
treated water in irrigation and to the discharge of untreated sewage as well as the
excessive use of fertilizers.

D. A joint project between Dutch government and the General Directorate of Coastal
basin takes place at present and aims at the use of groundwater monitoring data to
assess the groundwater resources and the slope of groundwater surface in the
coastal area of Syria.

E. Another project is carried out by the General Directorate of Assi basin and supported
by FAO to study the groundwater flow in the upper reaches of Assi River.

5) Are the data being stored in a data bank (where and what for) ?

In 2001 a project for the establishment of a water resources data center was launched as a
cooperation project between the Japanese International Cooperation Agency (JICA) and the
Ministry of Irrigation. The first phase of the project comprises a central data bank located in
the Ministry of Irrigation in Damascus in addition to two data centers in Barada and Awaj
basin and the coastal basin using GIS to store and process the data. The groundwater
monitoring network will be equipped with recorders and will be connected to the center
through download. In the second phase of the project data will flow from all the seven
hydrologic basins of Syria into the central data bank in the Ministry of irrigation.

At present all the data are stored in local computers in each one of the general directorates
of irrigation.
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6) Are monitoring reports being prepared on a regular basis ?

The engineers and hydrogeologists in each general directorate of irrigation are responsible
for the interpretation of the data in the relevant basin. The main aim is to estimate the
groundwater resources that can be used each year without depleting the aquifers. The
results are given to responsible in the Ministries of Agriculture and Irrigation who set up the
annual agricultural plan and decide the areas that can be irrigated by groundwater.

In Damascus City Water Supply and Sewerage Authority (DAWSSA) the groundwater
monitoring data is interpreted by a technical committee who decides in light of the data the
policy of drinking water distribution in Damascus city during the drought period (June to
November) each year.

7) Are the monitoring data being used for management decisions ? If so, please list
examples.

Water management decision makers in Syria have realized the importance of water
monitoring data. One of the targets of the project of water resources data center is to provide
data on the quantity and quality of groundwater and establish water users associations who
can select from the existing wells the most promising ones and construct an irrigation
network that can serve all users in a better way than the already existing individual wells for
farmers.
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