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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 mapping of groundwater vulnerability is widely used in developed countries as a 
basic tool for the protection of groundwater resources. Such maps are not only used 
by groundwater specialists but also in the framework of land use planning. The 
intention of the guideline presented in this report is to facilitate the preparation of
groundwater vulnerability maps in the Arab region.

Groundwater vulnerability maps in conjunction with maps showing existing potential
hazards to groundwater resources help to identify possible risks. The identification
and assessment of risks for the susceptibility of water supply utilities to contamination
is needed in order to undertake countermeasures against pollution risks. Therefore, 
the risk assessment also plays an important role for the protection 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 activities 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. 

The preparation of groundwater vulnerability maps helps to create awareness among 
land use planners for the issue of groundwater protection.
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Summary

A selection of the presently most applied methods for groundwater vulnerability 
mapping is presented and evaluated in this report: 

The DRASTIC method, used mainly in the USA, 
The GLA-Method and its recent modification, the PI-Method, used by the
German States and Federal Government authorities, 
The EPIK-Method used by the Swiss authorities and the
COP-Method which may become the method to be used by all European 
authorities for vulnerability mapping in karst areas. 

The choice of the most appropriate method for groundwater vulnerability mapping to 
be used in a certain area depends on the data availability, spatial data distribution,
the scale of mapping, the purpose of the map and the hydrogeological setting. The 
above mentioned methods are mainly designated for the support of land use 
planning and general groundwater protection measures, such as e.g. the 
establishment of groundwater protection zones. In most such cases the mapping 
scale is between 1:50,000 and 1:100,000. However, the scale mainly depends on the
availability of data and their spatial distribution. The better the data availability, the
more detailed the map could be, i.e. the larger the mapping scale.

In areas where data availability is low but the general hydrogeological setup is 
known, DRASTIC would be a suitable method of choice. If not all required
parameters are known, it may be considered using an even more simple method,
such as GOD (FOSTER & HIRATA, 1988).

The most suitable method, however, is the GLA-Method and its modification, the PI-
Method because the used rating system is more based on scientific considerations 
and less subjective than in DRASTIC. The GLA-Method has some shortcomings in 
karst environments. These were taken into account by the PI-Method, so that this
method may principally be applied in all hydrogeological settings.

In pure karst environments, however, the application of EPIK is more recommended 
because it was specifically designed for this purpose and takes the influence of karst 
features much better into account than the PI-Method.

No sufficient practical experience has been made with the COP-Method, so that until 
now it can not be recommended as a standard method for the mapping of
groundwater vulnerability in karst areas, even though it may well become the
standard tool for this purpose throughout Europe.

In areas with different lithological units, i.e. where karst and non-karst aquifers may 
occur, it is recommended to use either the GLA-Method or the PI-Method.
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1.   Introduction 

Groundwater vulnerability maps have become a standard tool for protecting 
groundwater resources from pollution. They are especially valuable in the decision 
making process related to land use planning. Land use planners have mostly little 
experience and expertise at hand to decide which land uses and activities are to be 
allowed in certain areas without causing a negative impact on the quality of 
groundwater resources.

Groundwater vulnerability maps are widely used since about 30 years. There are a 
number of methods used worldwide (VRBA & SAPOROZEC 1994, MARGANE et al. 
1997). However, there is until now no generally accepted standard mapping method. 
This is mainly due to the fact that the hydrogeological conditions and the availability 
of data are highly different from one area to another. There are methods which 
require the knowledge of the spatial distribution of up to ten parameters and thus a 
very detailed data availability. On the other hand there are also methods which 
require the input of only two or three parameters. Such methods may preferringly be 
applied in areas where data availability is low. Many of these methods are, however, 
rather simple and fail to yield appropriate results. 

In all methods the vulnerability of an aquifer is classified according to the traveltime 
of a drop of water from the land surface to the aquifer (percolation time). This flow is 
very different in porous rocks compared to hard rocks where flow preferentially 
follows fractures and cavities. In this respect karst aquifers play an important role 
since infiltration may be highly concentrated in certain areas and travel time from the 
land surface to the aquifer may be extremely short.

The Federal Institute for Geosciences and Natural Resources (BGR) is a member of 
the European COST 620 working group on “Vulnerability and Risk Mapping for the 
Protection of Carbonate (Karst) Aquifers” which is trying to come up with a standard 
method for groundwater vulnerability mapping in karst areas. BGR has prepared a 
number of groundwater vulnerability maps in developing countries over the past 
decade. Among the first groundwater vulnerability maps in the Arab region were 
those established in Jordan within the framework of the Technical Cooperation 
project 'Advisory Services to the Water Authority of Jordan – Groundwater Resources 
of Northern Jordan' (1992-2001) between the Water Authority of Jordan (WAJ) and 
the BGR for the area around Irbid (MARGANE et al. 1997, MARGANE et al. 1999a) 
and the South Amman area (HIJAZI et al., 1999). They were supplemented by maps 
of hazards to groundwater in order to identify where groundwater resources might be 
at risk and draw the necessary conclusions concerning groundwater monitoring for 
these hazards and land use planning decisions. The mapping scale was 1:50,000 
and the output scale 1:100,000. This scale was chosen in order to provide land use 
planners with appropriate planning tools for larger areas. As a standard method, the 
method proposed by HOELTING et al. (1995; also called GLA-Method) was used, 
which is largely applied in Germany. 
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The Technical Cooperation Project “Management, Protection and Sustainable Use of 
Groundwater and Soil Resources in the Arab Region” prepared similar maps, based 
on the same method for the Beka’a Valley in Lebanon (HOBLER & RAJAB, in prep.) 
and the Ghouta area in Syria (east of Damascus; HOBLER & RAJAB, 2002).

In Switzerland groundwater vulnerability maps are used as a standard tool for 
groundwater protection zone delineation in karst areas (BUWAL, 2000). The Swiss 
Government decided to use the EPIK method (SAEFL, 2000) for this purpose. Other 
European countries intend to follow a similar concept in the near future. Within the 
framework of the new Jordanian-German Technical Cooperation project 
'Groundwater Resources Management' (2002-2005) the project team will delineate 
groundwater protection zones for at least two wells or springs based on groundwater 
vulnerability maps for karst aquifers (MARGANE & SUNNA, 2002).

2.   Definition of Groundwater Vulnerability

The term „vulnerability of groundwater to contamination“ was first used by MARGAT 
(1968). The term “groundwater vulnerability” is used in the opposite sense to the term 
natural protection against contamination“.

Although many efforts have been made to reach a common understanding of the 
term ground-water vulnerability, different authors still use it in differing senses. 
FOSTER & HIRATA (1988) defined 'Aquifer Pollution Vulnerability' as the 'intrinsic
characteristics which determine the sensitivity of various parts of an aquifer to being
adversely affected by an imposed contaminant load'.  They describe 'Ground Water
Pollution Risk' as 'the interaction between the natural vulnerability of an aquifer, and 
the pollution loading that is, or will be, applied on the subsurface environment as a 
result of human activity'. The US EPA (1993) distinguishes between 'Aquifer
Sensitivity' and 'Ground Water Vulnerability'.  Although these definitions are more 
closely related to agricultural activities, they should hold true for all other activities as
well. US EPA defines 'Aquifer Sensitivity' as the 'relative ease with which a
contaminant applied on or near the land surface can migrate to the aquifer of interest. 
Aquifer sensitivity is a function of the intrinsic characteristics of the geologic materials
of interest, any overlying saturated materials, and the overlying unsaturated zone. 
Sensitivity is not dependent on agronomic practices or pesticide characteristics'.
According to US EPA 'Ground Water Vulnerability' is 'the relative ease with which a
contaminant applied on or near the land surface can migrate to the aquifer of interest 
under a given set of agronomic management practices, pesticide characteristics and 
hydrogeologic sensitivity conditions'.

The “Committee on Techniques for Assessing Ground Water Vulnerability” of the 
NATIONAL RESEARCH COUNCIL (1993) and VRBA & ZAPOROZEC (1994) define 
groundwater vulnerability as “the tendency or likelihood for contaminants to reach (a 
specified position in) the groundwater system after introduction at some location 
above the uppermost aquifer”. In addition, distinctions are made between “Intrinsic
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Vulnerability” and “Specific Vulnerability”. For the determination of the “Intrinsic 
Vulnerability” the characteristics and specific behaviour of contaminants are not 
taken into consideration, whereas the term “Specific Vulnerability” refers to a specific 
contaminant, class of contaminants or a certain prevailing human activity. 
VOWINKEL et al. (1996) defined vulnerability as sensitivity plus intensity, where 
'intensity' is a measure of the source of contamination. In this sense, groundwater 
vulnerability is a function not only of the properties of the groundwater flow system 
(intrinsic susceptibility) but also of the proximity of contaminant sources, 
characteristics of the contaminant, and other factors that could potentially increase 
loads of specified contaminants to the aquifer and/or their eventual delivery to a 
groundwater resource. 

The COST 620 workgroup on “Vulnerability and Risk Mapping for the Protection of 
Carbonate (Karst) Aquifers” defines intrinsic vulnerability as “the term used to define 
the vulnerability of groundwater to contaminants generated by human activities. It 
takes account of the inherent geological, hydrological and hydrogeological
characteristics of an area but is independent of the nature of human activities.” COST 
620 regards the (present) land surface as the standard point of reference for a 
possible release of contaminants (source). It is distinguished between two different 
targets for protection as shown in Figure 1: the resource (aquifer) and the source 
(well or spring used for water supply).

Figure 1: Source-Pathway-Target Model of Groundwater Vulnerability 
(GOLDSCHEIDER 2002)

The intrinsic vulnerability of groundwater is a relative, non-measurable property 
which is not verifiable since it depends on the attenuation and retardation properties
of the sediments and rocks overlying the aquifer as well as on the properties of 
contaminants. Nonetheless, some efforts have been undertaken in recent years to 
establish a methodology which yields better defensible results and is less arbitrary 
with respect to the delineation of vulnerability classes (COST 620, in prep.).
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Generally, maps of intrinsic vulnerability are closely tied to policy or management
objectives whereas specific vulnerability maps are often tied to scientific objectives
and typically require additional interpretation on the part of decision makers. 

3.   Parameters determining Groundwater Vulnerability 

FOSTER & HIRATA (1988), MORRIS & FOSTER (2000) and VRBA & ZAPOROZEC 
(1994) list possible processes and mechanisms leading to an attenuation of the 
contaminant load in different media,  through which water and contaminants pass on 
their way to the water table  (soil, unsaturated and saturated zone).

The following factors determine the protective effectiveness or filtering effect of the 
rock and soil cover :

- mineralogical rock composition,
- rock compactness,
- degree of jointing and fracturing,
- porosity, 
- content of organic matter, 
- carbonate content,
- clay content,
- metal oxides content, 
- pH, 
- redox potential,
- cation exchange capacity (CEC), 
- thickness of rock and soil cover 
- percolation rate and velocity. 

Specific chemical characteristics have to be taken into account when considering the 
behaviour of pollutants below the ground and the time they take to migrate through
the soil, in both the unsaturated and the saturated zone. Such characteristics include:

- natural parameters influencing the solubility and chemical reactivity
(temperature, pressure, etc.), 

- dispersion/diffusion, 
- chemical complexation, sorption and precipitation
- degradation (chemical/biological/radiological transformation, hydrolysis,

etc.).

The behaviour of each chemical substance differs considerably in the underground.
When assessing the specific vulnerability of a natural groundwater system, the 
specific behaviour of the expected individual chemical substances has to be 
evaluated. Contaminants can be transformed by geochemical, radiological, and
microbiological processes as they are transported through various environments
within the groundwater system. Some chemical transformations can change harmful 
contaminants into less harmful chemical species, while other processes can produce 
compounds that are more harmful to ecosystems or human health than the parent 
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compound. The natural decay of some radionuclides can produce daughter products 
with different transport properties and health effects than the parent product. In some 
cases, transformation products are found in the environment more often than parent 
compounds. For example, groundwater remediation programs are increasingly
focused on natural attenuation processes controlled by mixing, advection, and 
biodegradation as these processes serve to decrease concentrations and/or viability
of contaminants. Similarly, some chemical transformations can change relatively
immobile compounds into highly mobile compounds, and change parent compounds
to transformation products. Knowledge of the path and timing of groundwater
movement as well as the chemistry and biology relevant for the contaminant present 
is important in determining the fate and transport of a contaminant and its associated 
transformation products. This is important for contaminants that rapidly change to
other chemicals in the environment particularly when transformation or daughter
products are more persistent than the parent compound. In addition, the vulnerability
of a groundwater supply facility to many contaminants is dependent on the solubility
and subsequent mobility of the contaminant as influenced by the specific mineralogy
and associated geochemical conditions within the aquifer and pumped well. The
chemical properties of a contaminant are important in the unsaturated zone as well 
as the aquifer itself. For example, some (hydrophobic) compounds strongly attach to 
soils in the unsaturated zone (as well as the saturated zone) before reaching the 
water table, and these compounds are attached until released by geochemical or 
other changes such as when the binding capacity of the soil is exceeded. 

For mapping of the intrinsic vulnerability, the behaviour of different pollutants is not 
taken into consideration.  In this case the assessment of vulnerability is reduced to 
the parameters determining the general protective effectiveness of the soil and rock 
cover. Such a simplification allows for the assessment of groundwater vulnerability 
over large areas at a relatively low cost and in a comparatively short amount of time. 
This general assessment forms the basis of further investigations.  Studies of the 
specific vulnerability could then be performed at a later stage, in sensitive areas, 
where groundwater pollution is expected to occur in the near future or already exists. 

Soil cover often plays an important role in the attenuation process as it leads to 
retardation of contaminants of adsorbable pollutants. Furthermore, soils can promote 
elimination of contaminants by chemical complexation or precipitation and 
biochemical transformation or degradation (Figure 2). Depending on the type of 
consolidated or unconsolidated rocks these processes are often less effective in the 
unsaturated zone due to limited availability of oxygen, moisture and microbes, and 
the often lower cation exchange capacity. 
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Figure 2: Processes leading to contaminant attenuation (MORRIS & FOSTER 2000) 

Another factor that influences the vulnerability of groundwater resources is the way in 
which groundwater recharge actually takes place. This process is very much different 
under different hydrogeological conditions. The location where recharge enters the 
geological system and the rate and intensity of recharge are important controls on 
the quality of groundwater. Groundwater recharge mechanisms are different for hard 
rock and especially karst aquifers compared to unconsolidated sediments. In the 
former case, it mainly takes place via fractures and cavities so that the travel time of
a drop of water from the land surface to the aquifer is often relatively short. In 
unconsolidated rocks, however, the spatial distribution of groundwater recharge rates 
is more homogeneous. This fact has nowadays been largely acknowledged by
integrating this factor into groundwater vulnerability methods, such as the PI-Method,
EPIK or the COP-Method. 
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4.   Methods 

VRBA & ZAPOROZEC (1994), COST 65 (1995), MARGANE et al. (1997), MAGIERA 
(2000), GOGU & DASSARGUES (2000b), FOCAZIO et al. (2002) and 
GOLDSCHEIDER (2002) give a good overview about mapping methods for 
groundwater vulnerability.

The following approaches can be distinguished :

 Hydrogeological Complex and Setting Methods (HCS) 

This group of methods assesses groundwater vulnerability by setting up classes of 
two or more levels of vulnerability. The classes are based on criteria found to be
representative of groundwater vulnerability under certain hydrogeological conditions.
This type of mapping is mainly used for small to medium scale maps and uses basic
information often being available from geological, hydrogeological and topographic
maps. The groundwater vulnerability map of France (ALBINET & MARGAT 1970; 
scale 1:1 Mio) and the map of Germany (VIERHUFF et al. 1981; scale 1:1 Mio) are 
examples for this type of method. 

 Parametric System Methods can be divided into : 

- Matrix Systems,
- Rating Systems and 
- Point Count System Models. 

Matrix Systems assess groundwater vulnerability based on a selection of two or 
more parameters considered to be representative for a certain area. The selected
parameters, like depth to aquifer, soil leaching, groundwater recharge, or others are 
then grouped into classes (VRBA & ZAPOROZEC, 1994). 

Rating Systems use many parameters and attribute fixed ranges of ratings to them
according to their variation in the area. The total rating is calculated by overlaying the
ratings for the different parameters and then dividing the total rating into different 
levels of vulnerability. The following methods can be attributed to this method:

- GOD (FOSTER, 1987),
- The system developed by MARCOLONGO & PRETTO (1987) for mapping of 

the Po Valley in Italy, 
- PRZM (Pesticide Root Zone Model), used e.g. by the Hawaii Department of 

Health (EPA 1993), 
- SAFE, used by the Idaho Department of Health and Welfare,
- The system developed by the State Geological Surveys of Germany (GLA-

Method; HOELTING, et al., 1995; see Chapter 4.1.2 and App. 1) and its 
modification (PI-Method). 
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Point Count System Models use the same approach as rating methods but attribute 
different weights in the form of a multiplier to reflect the importance of each
parameter for the overall assessment of groundwater vulnerability. This method
includes:

- DRASTIC, developed by the US EPA (ALLER et al., 1985; see Chapter 4.1.1) 
and

- SINTACS, developed by CIVITA (CIVITA & MAIO, 1997a; CIVITA & MAIO, 
1997b; CIVITA et al. 1999: SINTACS Application in Morocco) 

The most renowned of the above listed methods is DRASTIC (ALLER et al. 1985). 
However, many investigations indicate that in some cases, the DRASTIC approach
does not adequately match with the hydrogeological conditions and shows some
general shortcomings (NATIONAL RESEARCH COUNCIL, 1993).

 Index Methods and Analogical Relations

The index methods (IM) and analogical relations (AR) are based on mathematical 
standard descriptions of hydrological and hydrogeological processes (e.g. transport 
equations) that are analogously used to assess the groundwater vulnerability.
MAGIERA (2000) describes 13 methods of that type. Most of them are used for the 
evaluation of the specific vulnerability of groundwater to pesticides on a large to 
medium scale. The IM/AR methods take into account the properties of the overlying 
layers and the properties of the contaminant.

 Mathematical Models

It can be distinguished between numerical methods and statistical methods. 

Numerical Methods (flow and transport models for the unsaturated and saturated
zone) are so far not being used for vulnerability mapping. MAGIERA (2000) 
describes nine examples for the application of mathematical models for specific 
vulnerability mapping on a large to medium scale. Those models take into account 
the properties of the contaminant (mostly nitrates and pesticides) and the properties
of the overlying layers. For the preparation of maps reflecting the specific
groundwater vulnerability such methods will certainly play a major role in the future 
because only combined groundwater flow and transport models will be able to deal 
with the large quantity of the various input data required for such maps.

A vast number of other numerical models have been established to simulate the
transport of certain substances through the unsaturated zone, such as the pesticide-
leaching model used by HOLTSCHLAG & LUUKONEN (1997). 

Statistical Methods 
The physical processes that control the vulnerability of groundwater to contamination 
are often too complex to be described by taking into account only a selected number 
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of parameters. Therefore, statistical approaches provide an alternative to parametric
system models and have been successfully used for specific vulnerability mapping 
on a small to medium scale (MAGIERA 2000). Statistical methods can be verified
and allow to take into account the reliability of the data. 

The first step of a geostatistical vulnerability analysis is to map a selected number of 
influencing factors, such as depth to groundwater table, soil type, permeability and 
recharge. The second step is to map the spatial distribution of the concentration of a 
certain contaminant in the groundwater. The third step is to establish a correlation 
between the influencing factors and the contaminant concentration which can then be
used to prepare a map of groundwater vulnerability to the selected contaminant.

However, the large number of parameters makes the application of statistical 
methods for vulnerability mapping problematic and often it is difficult to establish a
meaningful correlation between the distributions of the influencing factors and the 
contaminant concentration. 

What needs to be kept in mind is that all methods of intrinsic vulnerability mapping 
are highly subjective and difficult to validate. 

The methods being applied most frequently on the international level are the
DRASTIC method, developed by the US EPA (ALLER et al., 1985) and the method 
established by the State Geological Surveys of Germany (GLA-Method; HOELTING
et al., 1995). This method has in recent years been further developed, taking into 
account infiltration typical for karst areas, and is now called PI-Method
(GOLDSCHEIDER, 2002). The method which was solely developed for karst areas 
and is used by the Swiss authorities for the delineation of groundwater protection 
zones is called EPIK (BUWAL 2000).

The COST 620 working group has recently proposed to use the so-called COP-
Method on the European level. This method integrates elements (O factor – 
overlying layers) of the German approach with other elements which are especially
important in karst areas, such as the concentration of flow (C factor) and the quantity 
and intensity of precipitation (P Factor).

For reasons of comparison these four methods are described below. 

4.1 The US EPA Approach (DRASTIC)

4.1.1 Introduction to the Drastic Method

The DRASTIC methodology was developed by the US Environmental Protection
Agency (ALLER et al., 1985). DRASTIC is an acronym for : 
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D - Depth to water table 
R - net Recharge
A - Aquifer media 
S - Soil media
T - Topography
I - Impact of the vadose zone 
C - hydraulic Conductivity of the aquifer 

The overall 'Pollution Potential' or 'DRASTIC index' is established by applying the
following formula :

Pollution Potential = DR*DW + RR*RW + AR*AW + SR*SW + TR*T + IR*I + C*C.

where : R - rating
W - weight.

The ratings are determined from tables and graphs presented in the DRASTIC
manual. They are assigned values between 1 and 10. The weight has a fixed value 
which is listed in Table 1 below. As seen in the table, two different systems are used: 
the normal DRASTIC and the agricultural DRASTIC. The latter is mainly used when 
assessing groundwater vulnerability in areas that are mainly affected by agricultural
usage of herbicides and pesticides.

The summation process for these seven parameters, as shown in the 'Pollution 
Potential' formula, is relatively complex and requires the use of Arc/Info or a similar
computer program.

Table 1 : Assigned Weights for DRASTIC Parameters 

Parameter DRASTIC Agricultural DRASTIC
Depth to Water Table 5 5
Net Recharge 4 4
Aquifer Media 3 3
Soil Media 2 5
Topography 1 3
Impact of the Vadose 
Zone

5 4

Hydraulic Conductivity 3 2
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4.1.2 Examples for DRASTIC Applications 

The DRASTIC method has been used to produce maps in many parts of the United 
States (DURNFORD et al., 1990), in Israel (MELLOUL & COLLIN, 1998), Nicaragua
(JOHANSSON et al., 1999), Portugal (LOBO-FERREIRA & OLIVEIRA, 1997), South 
Africa (LYNCH et al., 1997), and South Korea (KIM & HAMM, 1999). The index
method has been used in the USA to develop maps at a variety of scales, including
national (KELLOGG et al., 1997; LYNCH et al., 1994), statewide (HAMERLINCK & 
AMESON, 1998; SEELIG, 1994), and individual counties and townships (REGIONAL 
GROUNDWATER CENTER, 1995; SHUKLA et al., 2000).

As an example for a DRASTIC application in the ACSAD member countries the 
groundwater vulnerability map of the Nile Delta, prepared by the Egyptian
Groundwater Research Institute is enclosed in this report (Annex 11). Other 
examples are the vulnerability maps of the Al Ain area in the eastern United Arab 
Emirates (AL-ZABET, 2002) and the one prepared by LYAKHLOUFI et al. (1999) for 
the Haouz area in Morocco.

4.1.3 Advantages and Disadvantages of the DRASTIC Method

The method is a popular approach to groundwater vulnerability assessments
because it is relatively inexpensive, straightforward, and uses data that are 
commonly available or estimated, and produces an end product that is easily
interpreted and incorporated into the decision-making process. The method has
some general shortcoming, as pointed out by FOSTER (1998), such as that it under-
estimates the vulnerability of fractured aquifers and that its weighting system is not 
scientifically based.

4.2 The German Concept of Vulnerability Mapping (GLA-Method and PI-
Method)

This methodology was first proposed by HOELTING et al. (1995; GLA-Method; 
Annex 1) and is based on a point count system. It was further developed into the PI-
Method by GOLDSCHEIDER (2002) in the framework of the European COST 620
program because it was recognized that both, the EPIK method and the GLA-Method 
had some shortcomings. In the following both methods are presented. 
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4.2.1 Introduction to the GLA-Method
(HOELTING et al., 1995) 

The GLA-Method only takes the unsaturated zone into consideration. Attenuation
processes in the saturated zone are not included in the vulnerability concept. The 
degree of vulnerability is specified according to the protective effectiveness of the
soil cover and the unsaturated zone. The following parameters are considered for the 
assessment of the overall protective effectiveness : 

Parameter 1: S - effective field capacity of the soil (rating for eFC in mm down 
to 1 m depth) 

Parameter 2: W - percolation rate 
Parameter 3: R - rock type
Parameter 4: T - thickness of soil and rock cover above the aquifer 
Parameter 5: Q - bonus points for perched aquifer systems 
Parameter 6: HP - bonus points for hydraulic pressure conditions (artesian 

conditions)

The overall protective effectiveness (PT) is calculated using the formula: 

PT = P1 + P2 + Q + HP

P1 - protective effectiveness of the soil cover: P1 = S * W 
P2 - protective effectiveness of the unsaturated zone (sediments or hard rocks):

P2 = W * (R1*T1 + R2*T2 +  .....  + Rn*Tn).

To adopt this method for the use in Arab countries the factor for the percolation rate
(W) was modified as follows (MARGANE et al., 1997): 

In many dry areas groundwater recharge is below 100 mm/a.  However, according to
the German mapping approach, the highest value assigned for factor W, would be 
1.75 for a groundwater recharge of less than 100 mm/a (HOELTING et al., 1995). 
Therefore, a modified scale for the factor W was introduced which reflects the low 
amounts of groundwater recharge in many areas (Table 2).

Table 2 : Modification of Factor W (Percolation Rate) 

Groundwater Recharge 
[mm/a]

Factor W 

> 400 0.75
> 300 – 400 1
> 200 – 300 1.25
> 100 – 200 1.5
> 50 – 100 1.75
> 25 – 50 2

 25 2.25
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The application of these higher factors for the percolation rate leads to a higher
overall protective effectiveness of the soil and rock cover in areas of low groundwater 
recharge.

True groundwater recharge varies considerably from place to place.  The amount of
recharge depends on factors like topography (slope), soil cover, fracturing, etc. 
Indirect recharge plays an important role in the study area and might lead to higher 
recharge in certain areas, such as wadis or morphological depressions.  These local 
differences have to be taken into consideration by assigning lower values for the 
percolation factor to such areas. It is also important to analyse the function of faults
and fracture zones pertaining to their infiltration capacity.

The process of calculating the overall protective effectiveness is very complex and 
requires the use of Arc/Info or similar software. PETERS et al. (2000) used Arc/View 
in combination with the module “spatial analyst” and avenue script programming. 

Figure 3: Overlay process for vulnerability mapping 

Over the past few years, the German system has been tested in several countries 
throughout the world by BGR. In the Arab region it was applied in Jordan (Irbid area: 
MARGANE et al., 1997, and South Amman area: HIJAZI et al., 1999), Syria (Ghouta, 
east of Damascus; HOBLER & RAJAB, 2002) and Lebanon (Beka’a Valley; HOBLER 
& RAJAB, in prep.) and has proven to be useful and effective.

For further information about the GLA-Method please refer to Annex 1. Please note 
that the acronyms for the parameters are different from those used in the description 
of the PI-Method. 
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4.2.2 Introduction to the PI-Method
(GOLDSCHEIDER, 2002)

The GLA-Method does not take into account preferential infiltration paths which are 
typical for karst aquifers. The PI-Method is a modification of the GLA-Method that 
integrates the protective cover (P) and the infiltration factor (I). The I factor was 
influenced by the EPIK method but strongly modified. The PI-Method has been 
successfully tested in several sites all over Europe.

In the PI-Method both factors, the protective cover and the infiltration are separately 
mapped as individual maps and then combined to the groundwater vulnerability map 
(Figure 4).

Figure 4: Simplified flow chart for the PI method.

The P Factor 

The P factor indicates the effectiveness of the protective cover and is calculated 
using a modified version of the GLA method (HOELTING et al., 1995). The 
calculation and assessment scheme is shown in Figure 5. The score B for the 
bedrock is obtained by multiplying the factor L for the lithology and the factor F for the 
degree of fracturing and karstification. The F factor was modified in order to describe 
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the development of the epikarst and its influence on groundwater vulnerability. The P 
map shows the spatial distribution of the P factor. 

Figure 5: Determination of the P factor (modified after HOELTING et al., 1995) 

The epikarst is defined as the uppermost zone of karstified rock outcrops, in which
permeability due to fissuring and karstification is substantially higher and more 
uniformly distributed than in the rock below. Its thickness ranges between a few 
decimeters and tens of meters. The possible functions of epikarst are storage and
concentration of flow. If the epikarst is developed in a way that leads to extreme 
concentration of flow, e.g., a bare karrenfield connected with hidden, karstic shafts, 
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the structural factor is assigned a value of zero, expressing that the protective cover
of the unsaturated zone below this epikarst is completely bypassed (Figure 6).

Figure 6: Epikarst and protective function
a) the unsaturated karstic bedrock may provide a protective function if the epikarst is slightly 

developed so that water storage is the dominant process. 
b) concentration of flow in a highly developed epikarst decreases the protective function.

The I Factor 

The overlying layers can protect the groundwater only if the precipitation infiltrates 
directly into the ground without significant concentration of flow. However, the 
disappearance of a surface stream into a swallow hole is common in karst areas. In 
this case, the protective cover is completely bypassed at the swallow hole and
bypassed in part by the surface runoff in the catchment area of the sinking stream. 
Therefore, the I factor was introduced. It expresses the degree to which the 
protective cover is bypassed as a result of lateral, surface and subsurface
concentration of flow, especially within the catchment of a sinking stream. If the 
infiltration occurs directly on a flat surface without significant lateral flow, the I factor 
is 1, indicating that the protective cover is not bypassed and 100 % effective. On the 
other hand, the protective cover is completely bypassed by a swallow hole through
which surface water directly enters the karst aquifer. In this case, the I factor is 0. 
The catchment area of a sinking stream is assigned a value between 0 and 1,
according to the extent of lateral (sub)surface flow. It has to be emphasized that the I 
factor cannot be precisely defined in terms of hydrology. It is a semi-quantitative tool 
to express the vulnerability of groundwater resulting from bypassing of the protective 
cover by surface and lateral subsurface flow. The I map shows the spatial distribution
of the I factor.

The I map is obtained using the following components: 

The I’ factor expresses the estimated direct infiltration relative to surface and 
lateral subsurface flow. The controlling factors are soil properties, slope and 
vegetation. The spatial distribution of the I’ factor is shown on the I’ map. 
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The ‘surface catchment map’ shows the surface catchment areas of sinking 
streams disappearing into a swallow hole and buffer zones of 10 m and 100 m 
on both sides of the sinking streams. 

The assessment scheme for the I factor is presented in Figure 7.

Figure 7: Determination of the I factor.
If it is impossible to distinguish six different flow processes (1st step), it is sufficient to

distinguish between infiltration (white), subsurface (light grey) and surface flow (dark grey). In 
this case, the bold numbers can be used to determine the I’ factor (2nd step).
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Compilation of the Groundwater Vulnerability Map 

The vulnerability map shows the intrinsic vulnerability and, in the opposite sense, the 
natural protection of the groundwater in the uppermost aquifer. The map shows the 
spatial distribution of the protection factor , which is obtained by multiplying the P
and I factors: 

= P · I 

The factor ranges between 0.0 and 5.0, with high values representing a high 
degree of natural protection and low vulnerability. Small maps of the protective cover
and the infiltration conditions are also printed as insets on the vulnerability map. The 
areas on each of the three maps are assigned to one of five classes, symbolized by 
five colors: from red for high risk to blue for low risk. One legend can thus be used for 
the three maps (Figure 8).

Figure 8: Legend for the vulnerability map, the P and the I map. 

For more detailed information about the PI-Method refer to GOLDSCHEIDER (2002) 
or GOLDSCHEIDER  et al. (2000). Please note that the acronyms for the parameters 
are different from those used in the description of the GLA-Method. 

4.2.3 Examples for Applications of the GLA and PI-Methods 

The GLA-Method was applied in the framework of several Technical Cooperation 
Projects with BGR assistance. Examples for maps established in ACSAD member 
countries are:

The map of the Irbid area, northern Jordan (MARGANE et al., 1997, 
MARGANE et al., 1999a), 
The map of the area south of Amman, central Jordan (HIJAZI et al., 1999), 
The map of the Ghouta area, east of Damascus, central Syria (HOBLER & 
RAJAB, 2002), 
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The map of the Beka’a Valley, Central Lebanon (HOBLER & RAJAB, in prep.). 

The maps of the Irbid area and of the Ghouta area are shown as examples in 
Annexes 9-1 and 10-1.

The PI-Method was applied in: 

Engen, Swabian Alb, Germany (GOLDSCHEIDER, 2002), 
Hochifen-Gottesacker, Alps, Germany/Austria (GOLDSCHEIDER, 2002), 
Winterstaude, Alps, Austria (GOLDSCHEIDER, 2002),
Albiztur unit, Basque county, Spain (MUGUERZA, 2001),

 Veldensteiner Mulde, Franconian Alb, Germany (SCHMIDT, 2001), 
Hydrogeological unit of Mt. Cornacchia and Mt. della Meta, Latium, Italy 
(COVIELLO, 2001), 

 Muehltalquellen, Thuringia, Germany (SAUTER et al., 2001), 
Sierra de Libar, Andalusia, Spain (BRECHENMACHER, 2002). 

4.2.4 Advantages and Disadvantages of the GLA and PI-Methods 

The concept of the GLA-Method is logical and applicable. It can be used for resource
protection and land use planning for all types of aquifers. Furthermore, the GLA-
Method can be used for source protection together with the DVGW guidelines W101 
(DVGW, 1995). According to these guidelines, the main criterion for the delineation of
source protection zones is the travel time in the aquifer. However, the guidelines 
allow a reduction in the size of the zones if the overlying layers are sufficiently
protective and the GLA-Method can be used for that evaluation. 

Even though the GLA-Method is in principle applicable for all types of aquifers, it
does not sufficiently take into account the special properties of karst. The basic
assumption of the GLA-Method is that infiltration occurs diffusely and all the 
infiltrating water slowly percolates vertically through the unsaturated zone towards
the groundwater table. In non-karstic areas with permeable soils and gentle
topography, this assumption is generally fulfilled. However, especially in karst areas 
and in mountainous landscapes, lateral concentration of flow occurs frequently at or 
near the surface and these flow components often sink into the karst aquifer via 
swallow holes. This process can bypass the protective cover partially or completely.
In this case, the GLA-Method is not applicable. This is where the PI-Method, which
takes into account the lateral concentration of flow via the I factor, becomes more 
valuable. With the integration of the infiltration factor the PI-Method is suitable for all 
kinds of geological conditions. 
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4.3 The EPIK Method

4.3.1 Introduction to the EPIK Method 

This method was elaborated in the framework of the COST activities of the European 
Commission by the University of Neuchâtel, Center of Hydrogeology, for groundwater 
vulnerability mapping in karst areas. It was later developed by the Swiss Agency for 
the Environment, Forests and Landscape into a standard tool for groundwater 
protection zone delineation in karst areas (SAEFL, 2000). 

EPIK takes the following parameters into account: 

Development of the Epikarst,•
•
•
•

effectiveness of the Protective cover, 
conditions of Infiltration and 
development of the Karst network. 

A standard classification matrix for each of these parameters is used (Table 3)
together with standard values (Table 4). For each parameter a standard weighing 
coefficient is used (Table 5). The classification for each parameter and area is 
obtained by systematic mapping for these parameters. Guidance on how to classify 
the different features in the field is laid down in chapter 3.1 of the EPIK practice guide 
(SAEFL, 2000; compare Annex 3).

Table 3: Standard classification matrix for the EPIK parameters 

parameter Epikarst
E1 caves, swallow holes, dolines, karren fields, ruin-like relief, 

cuestas
E2 Intermediate zones situated along doline alignments, uvalas, dry 

valleys, canyons, poljes

Karstic morphology
observed (pertaining to
epikarst

E3 Rest of the catchment area
parameter Protective cover 

A. Soil resting directly on 
limestone formations or on
detrital formations with very 
high hydraulic conductivity1

B. Soil resting on > 20 cm of low 
hydraulic conductivity geological
formations2

Protective cover absent P1 0 – 20 cm of soil
P2 20 – 100 cm of soil 20 – 100 cm of soil and low

hydraulic conductivity formations 
P3 > 100 cm of soil > 100 cm of soil and low hydraulic

conductivity formations
Protective cover
important

P4 > 8 m of very low hydraulic
conductivity formations or
> 6 m of very low hydraulic
conductivity formations with > 1 m 
of soil (point measurements

1 E.g.: scree, lateral glacial moraine
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necessary)
parameter Infiltration
Concentrated
infiltration

I1 Perennial or temporary swallow hole – banks and bed of 
temporary or permanent stream supplying swallow hole, infiltrating 
surficial flow – areas of the water catchment containing artificial 
drainage

I2 Areas of a water catchment area 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

I3 Areas of a water catchment area 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
Outside the surface water catchment area: bases of slopes and
steep slopes (greater than 10% for ploughed (cultivated) areas
and greater than 25% for meadows and pastures) where runoff
water infiltrates 

Diffuse infiltration I4 Rest of the catchment area
parameter Karst network 
Well developed karstic
network

K1 Well developed karstic network with decimeter to meter sized
conduits with little fill and well interconnected

Poorly developed
karstic network

K2 Poorly developed karstic network with poorly interconnected or 
infilled drains or conduits, or conduits of less than decimeter size

Mixed or fissured 
aquifer

K3 Porous media discharge zone with a possible protective influence 
– fissured non-karstic aquifer

Table 4: Standard values for the EPIK parameters

E1 E2 E3 P1 P2 P3 P4 I1 I2 I3 I4 K1 K2 K3
1 3 4 1 2 3 4 1 2 3 4 1 2 3

Table 5: Standard weighing coefficients for the EPIK parameters 

Parameter Epikarst Protective cover Infiltration Karst network 
Weighing
coefficient
Relative weight 3 1 3 2

The overall protection index F is calculated based on the following equation: 

F = E + P + I + K

F can obtain values between 9 and 34. The following matrix of protection indices 
provides the basis for the classification of the groundwater vulnerability into three 
classes:

•
•

high (corresponding to Swiss protection zone S1), 
medium (corresponding to Swiss protection zone S2) and 
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• low (corresponding to Swiss protection zone S3) 

Table 6: Protection index 

K1=1 I1=1 I2=2 I3=3 I4=4
E1=1 E2=3 E3=4 E1=1 E2=3 E3=4 E1=1 E2=3 E3=4 E1=1 E2=3 E3=4

P1=1 9 15 18 12 18 21 15 21 24 18 24 27
P2=2 10 16 19 13 19 22 16 22 25 19 25 28
P3=3 17 20 14 20 23 17 23 26 20 26 29
P4=4 18 21 15 21 24 18 24 27 21 27 30
K2=2 I1=1 I2=2 I3=3 I4=4

E1=1 E2=3 E3=4 E1=1 E2=3 E3=4 E1=1 E2=3 E3=4 E1=1 E2=3 E3=4
P1=1 11 17 20 14 20 23 17 23 26 20 26 29
P2=2 12 18 21 15 21 24 18 24 27 21 27 30
P3=3 19 22 16 22 25 19 25 28 22 28 31
P4=4 20 23 17 23 26 20 26 29 23 29 32
K3=3 I1=1 I2=2 I3=3 I4=4

E1=1 E2=3 E3=4 E1=1 E2=3 E3=4 E1=1 E2=3 E3=4 E1=1 E2=3 E3=4
P1=1 13 19 22 16 22 25 19 25 28 22 28 31
P2=2 14 20 23 17 23 26 20 26 29 23 29 32
P3=3 21 24 18 24 27 21 27 30 24 30 33
P4=4 22 25 19 25 28 22 28 31 25 31 34

Non-existent situation in the field 

Protection index value corresponding to high groundwater vulnerability, respectively Swiss 
groundwater protection zone S1 
Protection index value corresponding to medium groundwater vulnerability, respectively Swiss 
groundwater protection zone S2 
Protection index value corresponding to low groundwater vulnerability, respectively Swiss 
groundwater protection zone S3 
Conditions applicable to the rest of the catchment area 

4.3.2 Examples for Applications of the EPIK Method 

The EPIK method has been applied in Switzerland (St. Imier spring: SAEFL, 2000; 
Blatti springs/Lenk catchment: SAEFL, 2000), Belgium (GOGU & DASSARGUES,
2000a) and Lebanon (delineation of groundwater protection zone for a spring that 
provides water for bottled water; pers. comm. Dr. A. Pochon, Centre 
Hydrogéologique de l’Université de Neuchâtel). The Jordanian-German Technical
Cooperation Project “Groundwater Resources Management” between BGR and the
Ministry of Water and Irrigation (MWI) plans to establish groundwater protection 
zones for the Qunayyah spring (Zerqa Governorate) and the Wadi al Arab well field 
(Irbid Governorate) in Jordan.
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4.3.3 Advantages and Disadvantages of the EPIK Method 

The method requires a detailed evaluation of karst features, which is often difficult, 
costly and time consuming as they involve field studies, geophysics, isotope studies, 
hydrologic studies, an analysis of the hydraulic character, etc. The detection of
typical karst features like swallow hole and sinks often requires the interpretation of 
aerial photograph or high resolution satellite images. 

GOLDSCHEIDER (2002) made the following critical remarks concerning the EPIK-
Method:

Some important factors are missing: The recharge and the thickness of the 
unsaturated zone (depth to water table) are not taken into account although
most authors consider these factors to be of major importance (e.g. ALLER et. 
al., 1987; FOSTER, 1987; HOELTING et al., 1995; MAGIERA 2000). 
The E factor is evaluated in an unreliable way: The epikarst is mapped on the
basis of geomorphologic karst features (karrenfields, dolines, dry valleys).
However, surface karst features are only one expression of epikarst, but most 
of it cannot be seen at the surface. Epikarst can be highly developed without
visible karst features. 
The weighting system is contradictory: DOERFLIGER (1996) points out that 
the protective cover is very important for the natural protection and, vice versa, 
for the vulnerability of an aquifer, but the lowest weighting factor is assigned to
the parameter P. 
The zero is missing: The minimum value of each attribute is 1 even if its effect 
on protection is zero. Together with the different weighting factors, this may 
lead to inconsistent results. For example: Both a swallow hole and a 5 m thick 
low permeability cover contribute 3 points to the protection index, although the
cover provides some protection while the swallow hole is a point of extreme 
vulnerability.
The EPIK formula is not always applicable: The protection index F is 
calculated by summing up the weighted values of the four factors. However, 
not all the factors always contribute to the protection of the system. For 
example: A thick low permeability formation (P = 4) is not protective if it
produces surface runoff towards a swallow hole (I=2). Thus, it is inconsistent
to sum up the values of P and I. 
EPIK is not defined for all hydrogeological settings: In some cases, it is 
impossible to define and quantify all the parameters. For example: E, P and K 
can not be defined for a non-karstic area that discharges into a bordering karst
system by surface flow. 
The transformation of the vulnerability classes into source protection zones is 
disputable: The EPIK vulnerability classes are directly translated into source 
protection zones without using any additional criteria such as travel time in the
aquifer or distance to the source. However, for source protection zoning, the 
spring or well must be taken as the target. Thus, it is indispensable to take into 
account the pathway to the spring or well. 
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4.4 COP-Method (European Approach for Karst Aquifers) 

4.4.1 Introduction to the COP-Method 

This method was introduced by the Group of Hydrogeology in the University of 
Malaga/Spain (GHUMA) in the framework of the COST 620 program as a standard 
method for groundwater vulnerability mapping in karst aquifers (VIAS et al., 2002). It 
uses the parameters

C – concentration of flow, 
O – Overlying layers and 
P – Precipitation.

As outlined by DALY et al. (2002) the COP-Method may become the European 
approach for groundwater vulnerability mapping in karst areas, provided its 
application proves to be successful in the coming few years. 

The COP-Index is obtained by (Figure 9):

COP-Index = (C score) * (O score) * (P score) 

Step 1: Calculation of O Factor

The O factor takes into account the protective function of the unsaturated zone and 
the properties of the layers soil (OS – soil subfactor) and unsaturated zone (OL –
lithology subfactor). Both are separately calculated and then added to obtain the O 
factor:

O = OS + OL

The parameters texture (mainly dependent on grain size) and thickness are used to 
evaluate the subfactor OS, as shown in Figure 9. The calculation of the subfactor OL
is based on the parameters lithology and fracturation (ly), thickness of each individual
layer (m) and hydraulic (confined) condition (cn). Similar to the GLA-Method and the 
PI-Method the “layer index” is calculated by successively adding the products of the 
lithology and fracturation values of each individual layer with its thickness: 

Layer index =  (ly * m) 

The corresponding value of the layer index (process IV of Figure 9) is then multiplied 
by the value of the hydraulic (confined) conditions to obtain subfactor OL.

The spatial distribution of the total rating for the O factor is displayed on the O map. 
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Step 2: Calculation of C Factor

The C factor represents the degree of concentration of the flow of water towards
karstic conduits that are directly connected with the saturated zone and thus indicate
how the protection capacity is reduced. It is differentiated between two distinct
geological settings: the catchment area of a swallow hole (scenario 1) and the rest of 
the area (scenario 2). In the first case, all water is considered to ultimately flow 
towards the swallow hole, whereas in the second case the amount of infiltration 
depends on the characteristics of the land surface.

For scenario 1 the factor C is calculated based on the parameters distance to the 
swallow hole (dh), distance to the sinking stream (ds) and the combined effects of 
slope and vegetation (sv): 

C = dh * ds * sv 

In the area where the aquifer is not recharged through a swallow hole (scenario 2), 
the C factor is calculated based on the parameters surface features (sf) and slope (s)
and the combined effects of slope and vegetation (sv): 

C = sf * sv 

The surface features represent geomorphological karst features and the presence or
absence of a protective layer that influences the character of the runoff/infiltration 
process.

The spatial distribution of the total rating for the C factor is displayed on the C map. 

Step 3: Calculation of the P Factor

This factor represents the total quantity, frequency, duration of precipitation as well 
as the intensity of extreme events, which are considered to be the chief influencing 
factors for the quantity and rate of infiltration. The P factor is obtained by a
summation of the subfactors quantity of precipitation (PQ) and intensity of 
precipitation (PI):

P = PQ + PI

For the evaluation of PQ the mean precipitation of wet years with precipitation 
exceeding 15% of the average is used. An increasing precipitation is believed to
decrease protection, arguing that the transport process in this case is more important
than the dilution process. This is thought to occur up to a precipitation of 1200 mm/a, 
the value above which the potential contaminant becomes increasingly diluted.
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The calculation of the subfactor PI is based on the assumption that a higher rainfall 
intensity results in an increased recharge and thus a reduced protection of the
groundwater resource. The “mean annual intensity” or PI  is calculated from:

mean annual precipitation (mm) 
mean annual intensity = -------------------------------------------------

mean number of rainy days 

It is believed that intense rainfall yields more runoff to those conduits that favor
concentrated infiltration and that, if rainfall intensity is low, more diffuse and slow 
infiltration takes place because evaporation is higher in this case. 

DALY et al. (2002) point out that the COP-Method could also be used for source 
protection (protection of wells/springs). In this case the factor K is added, describing
the function of the karst network (similar to the K factor of EPIK).

Step 4: Calculation of the K Factor

For assessing the karstic source (well or spring) intrinsic vulnerability, a factor taking 
into account the karst network of the mostly saturated aquifer is needed. The
“vertical” pathway (from the soil to the groundwater) must be combined with the 
mostly horizontal pathway through the saturated karstic bedrock to the source being
considered (compare Figure 1; GSI, 1999; GOLDSCHEIDER, 2002). 

A classification system previously developed (COST 620, internal report 2000) for
karst aquifers has been adopted. It is based on a general description of the bedrock,
giving a range of possibilities from porous carbonate rock aquifers to highly karstified 
networks (Table 7).

By characterizing the different types of flow (migration mechanisms) and the matrix-
storage capacity (physical attenuation), a more detailed classification of the aquifer
can be derived, if required. This K factor is very similar to the K factor of the EPIK
method (SAEFL, 2000).

The description “slow active conduit network” reflects conduit systems which are not 
extensive and not very efficient in draining the aquifer. “Fast active conduit system”
implies an extensively developed karst network which is efficient in draining the
aquifer. The matrix characteristics of the bedrock have been included, as the 
interaction between the conduits and the matrix may be sufficient to change the
behavior of the aquifer and hence the attenuation potential. 

The means of assessing the karst network factor are the following: (1) geology, 
geomorphology; (2) cave and karst maps; (3) groundwater-tracing results; (4) 
pumping tests results; (5) hydrochemistry, geochemistry; (6) remote sensing and
geophysical prospecting; (7) borehole data and geophysical-logging results; (8) 
bedrock sampling and laboratory experiments; and (9) calibrated modeling results. 
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Table 7: Classification system for the karst aquifers
(adapted from COST 620, internal report 2000). The increasing degree of 
karstification and concentration of flow within the aquifer is from left to right. 

It has to be clearly stated, however, that this method is not sufficiently tested yet and 
hence cannot be recommended, except for scientific purposes . 
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4.4.2 Examples for the Application of the COP-Method 

The COP-Method was applied within the framework of the COST 620 program in the 
Sierra de L bar and around Torremolinos, both in the Malaga province of southern 
Spain (VIAS et al., 2002). Both areas represent karst aquifers which receive high
amounts of rainfall. The Sierra de L bar area is highly karstified, whereas the
Torremolinos area is dominated by fissured limestone. A more detailed description of 
the method will be included in the final report of the COST 620 program to be 
finalized in the first half of 2003 (pers. comm. Dr. M. von Hoyer, BGR).

4.4.3 Advantages and Disadvantages of the COP-Method 

The COP-Method is similar to the PI-Method with the exception that the COP-Method 
integrates the factor precipitation. The parameters needed for the COP-Method are 
relatively easy to acquire and the method is straightforward. However, due to the 
large number of calculation processes, the map compilation is time consuming and 
requires the use of a GIS system by which these procedures can be performed. 

So far there is too little experience with applications of this method to be able to 
judge about the suitability and applicability of the method.

4.5 Comparison of Methods and Recommendation for their Application 

The choice of the most appropriate method for groundwater vulnerability mapping to 
be used in a certain area depends on the data availability, spatial data distribution,
the scale of mapping, the purpose of the map and the hydrogeological setting. The 
above mentioned methods are mainly designated for the support of land use 
planning and general groundwater protection measures, such as e.g. the 
establishment of groundwater protection zones. In most such cases the mapping 
scale is between 1:50,000 and 1:100,000. However, the scale mainly depends on the 
availability of data and their spatial distribution. The better the data availability, the
more detailed the map could be, i.e. the larger the mapping scale.

In areas where data availability is low but the general hydrogeological setup is 
known, DRASTIC would be a suitable method of choice, since it is rather simple. If 
not all required parameters are known, it may be considered using an even more 
simple method, such as GOD (FOSTER & HIRATA, 1988).

The most suitable method, however, is the GLA-Method or its modification, the PI-
Method because the used rating system is more based on scientific considerations 
and less subjective than in DRASTIC. The GLA-Method has some shortcomings in 
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karst environments. These were taken into account by the PI-Method, so that this
method may principally be applied in all hydrogeological settings.

In pure karst environments, however, the application of EPIK is more recommended 
because it was specifically designed for this purpose and takes the influence of karst 
features much better into account than the PI-Method.

No sufficient practical experience has been made with the COP-Method, so that until 
now it cannot be recommended as a standard method for the mapping of
groundwater vulnerability in karst areas, even though it may well become the 
standard tool for this purpose throughout Europe.

In areas with different lithological units, i.e. where karst and non-karst aquifers may 
occur, it is recommended to use either the GLA-Method or the PI-Method.

Concerning the planning of the preparation of groundwater vulnerability maps the 
involved costs need to be taken into consideration. The costs increase with the 
complexity of the applied method. For instance the application of the EPIK method 
requires a detailed knowledge about the occurrence of karst features. In many cases 
these may only be obtained by highly sophisticated technologies, such as remote 
sensing and tracer tests.

The Swiss authorities are, in cooperation with the Centre d’Hydrogéologie de
l’Université de Neuchâtel, in the process of developing a practice guide for the 
preparation of groundwater vulnerability maps in non-karstic rocks, called DISCO.

5.   Criteria for the Preparation of Groundwater Vulnerability Maps 

The purpose of groundwater vulnerability mapping could be manifold. Mostly such 
maps are being used to protect the groundwater resources in a very general way. 
Such maps are generally useful in the land use planning process. Here, the 
vulnerability maps help the decision makers to decide which sites or activities to 
locate in which areas. They also help the water resources management authorities to 
more carefully plan the development and protection of groundwater resources. In all 
such instances intrinsic groundwater vulnerability maps should be used.

There may, however, also be the need to protect the groundwater resources against 
specific pollutants, such as pesticides or nitrate. In this case, methods for the 
mapping of specific vulnerability are needed. In many cases, combined groundwater 
flow and transport models could be used for this purpose. So far these are, however, 
not fully able to integrate all possible processes which might occur in the unsaturated 
and the saturated zone. 

In the future, groundwater vulnerability maps will certainly play a major role in 
protecting water supply sources (wells or springs). An application which was 
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developed with this intent is EPIK. This method was specifically developed by the 
Swiss authorities as a standard tool for groundwater protection zone delineation. The 
groundwater vulnerability mapping method used by the Geological Survey of Ireland 
(DELG, EPA & GSI, 1999) goes into the same direction. 

This chapter describes which methodological approach should be used for which 
purpose, which parameters are needed and how they can be obtained, what are the 
most suitable input and output scales, and which the process of map compilation is. 

5.1 Groundwater Vulnerability Maps for Land Use Planning Purposes 
(Scales 1:50,000 or 1: 100,000) 

In a larger area, where vulnerability mapping is to be conducted for land use 
planning, there are commonly a larger number of different geological units. For this 
reason a method must be used by which all different lithological units can be 
mapped. For this reason it is recommended to use either the GLA-Method, the PI-
Method or DRASTIC (if only few data are available).

For the GLA-Method the following parameters are needed : 

Table 8: Parameters required and Source of Information for the Preparation of a 
Groundwater Vulnerability Map following the GLA-Method 

Parameter Description Source
Factor S: effective
field capacity of 
the soil ( eFC in
mm down to 1 m 
depth)

The effective field capacity is 
equivalent to the so-called water
holding capacity of a soil. It is 
determined by the texture, 
structure, mineral content and
content in organic matter.

Soil maps, soil surveys 

Factor W: 
percolation rate 

Corresponds to the groundwater
recharge rate

Estimation based on direct methods or 
indirect methods (LERNER et al. 1990) 

Factor R: rock type 
(hard rocks or
unconsolidated
rocks)

The type of rock needs to be
determined and classified according
to Annex 1 for all lithological units 
overlying the uppermost main 
aquifer for which vulnerability is to 
be determined

Borehole data, geological maps, field 
surveys

Factor T: thickness The thickness needs to be
determined for all lithological units 
overlying the uppermost main 
aquifer for which vulnerability is to 
be determined

Borehole data, geological maps, field 
surveys

Factor Q: bonus
points for perched
aquifers

In case perched aquifers are
present bonus points need to be 
added

Borehole data, geological maps, field 
surveys

Factor HP: bonus
points for hydraulic

In case the hydraulic system, for 
which the vulnerability is to be 

Borehole data, hydrogeological data, field 
surveys
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Parameter Description Source
pressure
conditions

determined, is under artesian
conditions or the hydraulic gradient
is directed upwards (often in
valleys, depressions), bonus points
have to be added.

From the authors experience the parameter which is most difficult to acquire is the 
effective field capacity of the soil. If there are soil maps which do not directly allow for 
the assessment of this parameter, it should be evaluated whether it is possible to 
assess this parameter from the soil type or other soil parameters. Otherwise, it may 
be considered to integrate this sequence into parameter P2 (protective effectiveness 
of the unsaturated zone). In general the difference is negligible. 

In order to give an example for the problems arising when compiling such a map, the 
following paragraph was included in this report: 

Recommendations for the assessment of the needed parameters with special 
emphasis of the local conditions in Jordan 

For assessment of the effective field capacity of the soil ( eFC) the maps of the Land 
Use Project (HUNTING TECHNICAL SURVEYS & SOIL SURVEY AND LAND 
RESEARCH CENTER, 1994) provide an excellent base. Soil maps at the following 
scales are available: 

- level 1, reconnaissance level, soil maps of the entire country; scale of 
1:200,000

- level 2, soil maps of the intensively cultivated parts of the country; scale of
1:50,000

- level 3, detailed mapping for certain small areas of special interest; scale of 
1:10,000.

The explanatory notes to these maps contain the names of the soil types, their USDA 
code together with their equivalent Jordanian soil code, their description, average 
composition, average thickness, average elevation, average slope, average rainfall 
and average effective field capacities.  From these values the effective field capacity
of the soil ( eFC) can be calculated easily (compare Table 3 of MARGANE et al.,
1997). According to HOELTING et al. (1995), the total effective field capacity of the
soil is calculated by multiplying the effective field capacity [mm/m] by the average 
thickness of the soil down to a depth of 1 m (the average rooting depth). The value of
the effective field capacity of the soil then is converted to factor S, based on Table 1-
1 of Annex 1 of this report. The maps of the scale 1:50,000 were used for the 
vulnerability mapping in the Irbid area.

For assessment of the parameter percolation rate the classification proposed by 
HOELTING et al. (1995) had to be modified. In large parts of the study area 
groundwater recharge is below 100 mm/a.  Because of these low values, a modified 
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scale for Parameter 2, the percolation rate W, had to be introduced in order to adapt
the methodology to the situation in Jordan (compare Table 1-1 of this report). It is 
recommended to prepare a map that displays the spatial distribution of the
percolation rate. 

For the parameter rock cover (R), the lithological composition and especially the 
degree of fracturing and karstification should be known as precisely as possible. The 
geological maps 1:50,000 (issued by the NRA) often do not yield sufficient 
information on the location and effect of fractures. If possible fracture zones should 
be mapped by aerial photograph and satellite image interpretation. It is 
recommended to prepare a map that displays the value of factor R for each 
geological unit above the main saturated aquifer. 

The accuracy of the assessment for the parameter thickness of the rock cover above 
the aquifer (T), depends on the accuracy of the structural and piezometric maps. In 
many parts of the country the accuracy of these maps for the relevant aquifers are 
not very precise because only very few reference points are available. It is 
recommended to prepare a map that displays the unsaturated thickness for all 
relevant geological units. 

Information on the appearance of perched aquifers (parameter Q) is usually not 
available. Such localized aquifers may play a role in alluvial aquifers. Since the 
mapping of this parameter would be too costly and time consuming and the 
parameter is not really relevant in Jordan, it is recommended to neglect it, if not local 
circumstances warrant its evaluation.

The parameter hydraulic pressure (HP) is relevant mainly in areas with an upward 
hydraulic gradient, as is the case generally at the foot of the escarpment to the 
Jordan Valley and the Araba Valley. Since there are until now no multi-level 
piezometers in Jordan, a meaningful evaluation of this parameter is somewhat 
difficult. Where required (and possible), it is recommended to prepare a map that 
displays the zones of appearance of upward hydraulic gradients. 

5.2 Groundwater Vulnerability Maps for Karst Areas

For the mapping of groundwater vulnerability and the delineation of groundwater 
protection zones in a karstic environment (limestone, dolomite, dolomite limestone), 
the EPIK method (Annex 3) should be used as standard method. (In areas with 
mixed lithological composition, i.e. where other lithological units comprised of 
sandstone, alluvial deposits, basalt, etc. occur, the GLA-Method or the PI-Method 
should be applied, because only in this case the calculated vulnerability values will 
be comparable.) The EPIK method uses the following parameters : 
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Table 9: Parameters required and Source of Information for the Preparation of a 
Groundwater Vulnerability Map following the EPIK Method 

Parameter Description Source
Development
of the 
Epikarst

Epikarst is defined as a highly fissured zone 
corresponding to the decompressed and
weathered formations near the ground
surface). This upper karst zone is not
continuous. It can be decimeters to meters 
thick and can contain perched aquifers which
can rapidly concentrate infiltrating water
towards the karstic network.
The availability of features like swallow holes, 
depressions, dolines, karren fields, ruin-like
structures, intensely fractured outcrops, dry 
valleys helps to classify this parameter

Field work (including hand auger
drillings, excavations, trenches) 
interpretation of aerial photographs
and detailed topographic maps
(scales between 1: 5,000 and 1: 
25,000)

Effectiveness
of the 
Protective
cover

The soil cover generally determines the 
possibility and character of attenuation and
infiltration processes. Important parameters in 
this respect are: thickness, texture/structure,
organic matter content, clay content, types of 
clay minerals, cation exchange capacity,
water content and hydraulic conductivity.
Since the determination of all these 
parameters is time consuming and costly only 
the thickness of the protective cover is used

Field measurements of soil thickness
and lithology (hand auger drillings,
excavations, trenches), interpretation 
of aerial photographs and detailed
topographic maps (scales between
1: 5,000 and 1: 25,000) 

Conditions of 
Infiltration

It is distinguished between concentrated,
intermediate and diffuse infiltration conditions.
They can be identified by the surface water 
runoff characteristics (slope, runoff 
coefficient) and the presence or absence of 
preferential infiltration zones.
The availability of the following features helps 
to classify this parameter: 
swallow holes, buried karst, exposed karst.

Field work, hydrological
measurements and interpretations
(such as spring discharge
measurements over long enough time 
periods), interpretation of aerial
photographs and detailed topographic
maps (scales between 1: 5,000 and
1: 25,000) 

Development
of the Karst
network

The size (diameter) and connectivity of 
conduits in a karst network determines the
flow velocity in a karst system. Part of the 
karst network may have been created earlier
but not be in use anymore.

The presence or absence of a karst 
network can be determined by direct 
identification of the components of the 
network, such as caves, potholes,
active cave systems or by indirect
methods, such as flow hydrograph
analysis, tracer test and water quality 
variability.

Extensive experience has been collected during the mapping of groundwater 
vulnerability in Jordan. Until now, the GLA-Method was used for this purpose. 
However, it is now intended to prepare groundwater vulnerability maps for the 
delineation of groundwater protection zones in karst area using the EPIK method, like 
it is being done in karst regions in Switzerland. From the preparatory phase of this 
project a number of conclusions can be drawn that should generally be considered 
before applying this method in other areas (see also MARGANE & SUNNA, 2002). 
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Recommendations for the assessment of the needed parameters with special 
emphasis of the local conditions in Jordan 

The classification of the parameters E, P, I and K is based on a detailed mapping in 
the field and by aerial and/or satellite images of high resolution/output scale. The 
mapping scale for the preparation of a groundwater vulnerability map for the 
delineation of groundwater protection zones will usually have to be 1:10,000 or 
maximum 1:25,000. The purchase and processing of high resolution satellite images 
can, however, be quite expensive. Also, since the catchment areas of some 
groundwater protection zones can reach several km in length (zone III of the 
protection zone for the Tabaqat Fahel (Pella) spring established by the WAJ-BGR 
project 'Groundwater Resources of Northern Jordan' (MARGANE et al., 1999b) 
measures 11 km), the total costs of vulnerability mapping can become quite high and 
the process could be very time consuming. A balance has to be stricken between 
what is scientifically required and what is absolutely necessary. When establishing a 
mapping program it has therefore to be weighed between what means are available 
(budget, existing data, required data) and what has to be achieved.

5.3 Criteria for the Selection of Mapping Areas 

Generally, groundwater vulnerability maps at a scale of 1:100,000 or 1:50,000 should 
be prepared for all densely populated urban areas in order to assist land use
planning. Here, environmental problems are most serious and have a direct impact 
on the population. These problems chiefly result from unthorough planning. Only by 
integrating aspects of groundwater protection into the land use planning process and 
by providing the decision makers in the land use planning agencies with suitable 
planning tools, a better land use planning can be achieved that takes the needs of 
groundwater protection into consideration. All groundwater vulnerability maps should 
in general be supported by a map of hazards to groundwater, which displays all 
relevant potential pollution sources in the area. For the preparation of a map of 
hazards to groundwater an inventory of all potential pollution hazards needs to be 
inventoried (Annex 5). This requires extensive field work. Finally a data base of 
groundwater hazards should be established (Annex 6), based upon which the map 
could be prepared. Annexes 7 and 8 may help assessing which hazardous 
substances could occur in which process or land use activity, so that a monitoring 
program for the relevant substances could be established. 

Since the preparation of groundwater vulnerability maps is a costly and time 
consuming task, it is recommended first to establish a ranking list for the regions to 
be mapped that ranks the priority of map preparation. It is recommended to start with 
areas where a rapid expansion of activities hazardous to groundwater, such as 
industry, commercial activities or agriculture, is expected. 

Groundwater vulnerability maps at a scale of 1:100,000 or 1:50,000 should also be 
prepared for the main recharge areas of groundwater resources of prime importance.
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Only by these means it can be avoided that important groundwater resources 
become polluted by facilities and activities which are potentially hazardous to 
groundwater.

A third target area for groundwater vulnerability mapping is the mapping of 
groundwater protection zones. The project 'Groundwater Resources Management' 
has proposed the use of groundwater vulnerability maps for the delineation of 
groundwater protection zones in karst areas (MARGANE & SUNNA, 2002), similar to 
the Swiss regulations for groundwater protection. In this case mapping needs to be 
more detailed, if possible at a scale of 1:10,000 or at least 1:25,000. Often such 
topographic maps are not available or rather outdated. In this case, it is 
recommended to use geocoded aerial photographs or high resolution satellite 
images, such as IKONOS (1 m resolution) or SPOT (5 m resolution). For this process 
too, a ranking list should be established, as mentioned above.

6. Risk Assessment

Risk can be defined as the likelihood or expected frequency of a specified adverse 
consequence. Risk is not intended as an absolute measure but as a means of 
relative measure or comparison. The Royal Society of London defined an 
environmental hazard as "an event, or continuing process, which if realized, will lead
to circumstances having the potential to degrade, directly or indirectly, the quality of
the environment". Consequently, a hazard presents a risk when it is likely to affect 
something of value (for instance groundwater resources). 

There are three key stages in risk analysis (modified after COST 620’s homepage): 
risk estimation, risk evaluation and risk management. The risk estimation requires 
the identification of possible hazards and an assessment of the likelihood of events 
that could cause certain risks associated with these hazards. The risk evaluation
looks at what would happen, if an event took place. The risk management deals
with the questions which kind of risks are acceptable or not and includes the 
assessment and selection of options as well as the implementation of measures to 
prevent or minimize the probability of an event and its consequences, should it occur. 
Risk estimation and risk evaluation are commonly summarized under the term risk
assessment.

Transferred to the issue of groundwater protection, the risk estimation implies the 
identification of hazards to groundwater and the analysis how likely it is that they may 
pollute the groundwater resources. To do so the individual hazards to groundwater 
have to be assessed. The preparation of maps of hazards to groundwater is a 
standard tool which is frequently used in this respect (VRBA & ZAPOROZEC, 1994).

Risk evaluation requires the availability of a tool to determine the pathway to the 
target. One of the tools for this assessment is the groundwater vulnerability map. It
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evaluates how long it might take until an impact on the target (groundwater resources
or well/spring) might occur.

The risk management demands a response to the risk in the form of 
engineering/changing the characteristics of the source, pathway, the protection 
target, or a combination of these. For instance: control of land use practices and in
particular directing developments towards lower risk areas, suitable building codes
that take account of the vulnerability and value of the groundwater, lining of landfill 
sites, installation of monitoring networks, specific operational practices, etc. 

Consequently, assessing the risk of contamination to groundwater is a highly
complex task. It encompasses geological and hydrogeological factors and factors 
that relate to the potentially polluting activity. The geological and hydrogeological
factors are the vulnerability to contamination and the relative importance or value of
the groundwater resource. The factors that relate to the potentially polluting activity 
are the contaminant loading and the preventive measures. 

The US EPA follows in its Superfund program a similar approach (Figure 10).
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Risk assessment is a stepwise process by which scientific and environmental 
information from many sources are integrated, in order to estimate the possible
harmful effects of contamination. It is a tool based on scientific principles with the
objective to provide information for environmental management. The main goals are
to identify problems, establish priorities and create a basis for regulatory actions, in 
order to minimize the risk. 

The focus of risk management has shifted over the past decades from land 
reclamation to pollution prevention, after it was recognized how costly clean-up 
operations can become. Nowadays, most developed countries invest increasing 
efforts and amounts of money into the pollution prevention at an early stage by
imposing strict regulations on land use activities in areas with important 
(ground)water  resources. This goal can, however, only be reached when the legal 
basis supports the enforcement of such regulations and the aspects of (ground)water
protection are integrated into the land use planning processes. Thus, the existence of 
a strong legal basis is the most important precondition for groundwater protection 
measures. The proposed measures for groundwater protection can, however, only 
become effective if the involved authorities strictly enforce them. 

A standard procedure (guideline) with a clear and concise concept needs to be
followed during risk assessment. This concept will, however, largely depend on the 
local conditions, especially the legal basis. Several countries/states have developed
their own (computer assisted) assessment system, like e.g. the US Hazards 
Assessment System (HRS) developed by the US EPA, in order to establish objective
rankings for priority actions. Nonetheless, a number of uncertainties remain when 
assessing risks. These uncertainties must be made clear to the policy makers. 

For a risk assessment to be legally defensible, it has to be (after CAIRNEY, 1995): 

Consistent: The same outcome should always be obtained, when risk is 
assessed by different assessors. This means it has to be provided that the 
same weightings and significances are applied to a certain set of information.
Formal: A formal procedure must be followed and its results documented. 
Individual choices and biases must be reduced to a minimum. 
Flexible: Due to new information or increased knowledge formerly evaluated
“facts” may prove to have been wrong in the past (e.g. concerning the toxicity 
of certain substances or their behavior in the environment or the geological
structure). The risk assessment procedure should be designed in such a way
that in such a case not the entire risk assessment would need to be repeated 
but only certain components of it. 
Comprehensive: All feasible risks should be evaluated. Often only the direct 
impact is being analyzed. However, there are often different possible
pathways and impacts. 
Able to identify information deficiencies: The often complex (hydro)geological
setting or the (often insufficiently recoverable) history of a site make it 
impossible to establish certain parameters with absolute certainty. Then these
inherent deficiencies have to be pointed out to the decision makers. It has to 
be made clear how a better knowledge could be obtained and at which costs. 
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For preliminary risk assessment a worst-case analysis should then be 
conducted.

Concerning groundwater protection, a number of different steps are required in the 
risk assessment process.
1. Identification of hazards (inventory of type of hazard and identification of 

possible associated substances). 
2. Determination of the likelihood of a release of these substances. Has a 

release already occurred ? 
3. Determination of the possible points of release of the substances (delineation 

of pollution source; point or diffuse source). 
4. Evaluation of the toxicity of the used substances to human health (do these

substances have an impact on the ecosystem or on human beings and are 
thus relevant for further investigations ?). 

5. Determination of the possible pathways of pollution. 
6. If a contamination has occurred already, what are the goals for the 

remediation of groundwater resources.
7. Determination of the “value” of the protection target (groundwater resource or 

well/spring). Is protection/remediation feasible ?
8. Evaluation of the costs for protection/remediation.
9. Decision to protect/ remediate a resource/source or not (definition of goal). 

Identification of hazards to groundwater

This is a time consuming task because the locations of all possibly polluting sites and
activities have to be determined (field survey using GPS; see Annex 5: inventory 
form sheet) and it has to be evaluated what kind of substances are used in the 
process (see Annexes 7 and 8), where waste and sewage water is disposed of, and 
whether spills are likely to occur or have already occurred. The result should be
displayed on a map of hazards to groundwater. Good examples are shown in Figures
9-2 and 10-2, which used the legend proposed by VRBA & ZAPOROZEC, 1994). 
Only based on the comparison of the map of hazards to groundwater and the 
groundwater vulnerability map the necessary conclusions pertaining to a risk
assessment could be drawn. Both maps are therefore essential for a thorough risk
assessment. However, further hydrogeological information is required, such as the 
geological structure of the considered aquifer system, the piezometry (piezometric 
maps of all aquifers), and the groundwater recharge/discharge conditions.

The potential pollution sources which have to be considered in this process are : 

Features associated with sewage water, such as: sewerage network, 
treatment plants for urban or industrial/commercial wastewater, cesspools, 
septic tanks, areas where spray irrigation of treated/untreated sewage water is 
applied,
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Features related to waste disposal: storage facilities for waste, treatment 
facilities for waste, municipal/inert/industrial waste disposal sites, incinerators
for waste,
Hospitals (waste, sewage water), 

 Cemeteries, 
 Slaughterhouses, 

Industrial sites (waste, sewage water, handling/processing/storage of 
hazardous substances ?), 
Commercial sites (waste, sewage water, handling/processing/storage of 
hazardous substances ?), 
Oil/fuel storage sites,

 Refineries,
Storage facilities for hazardous substances, 
Processing facilities for hazardous substances, 
Wells for injection of sewage water or hazardous substances, 

 Pipelines, 
Power plants, transformer stations, 
Highways, main roads, railway lines,

 Airports, 
 Military establishments,
 Mines, quarries,

Animal husbandries,
Livestock waste storage facilities,

The list in Annex 4 gives a good overview about the potentially polluting facilities and
activities that have to be inventoried within the framework of the delineation of
groundwater protection zones. This list was proposed to be included in the new 
guideline for the establishment of groundwater protection zones in Jordan
(MARGANE & SUNNA, 2002). 

Commonly the risk assessment is conducted in several steps. After each of these 
steps is has to be decided whether there could be a possible risk or not. The 
following five steps are distinguished in the risk assessment scheme for 
contaminated land of the state of Lower Saxony, Germany (modified after NLWA & 
NLfB, 1989 (Figure 11); BDG, 1988; MINISTERIUM FUER UMWELT BADEN-
WUERTTEMBERG, 1988; similar concepts are applied in most other states of 
Germany):

1. Identification (Initial Historic Evaluation), 
2. Initial Risk Assessment (Detailed Historic Evaluation, Initial Site 

Characterization),
3. Preliminary Investigation (Preliminary Risk Assessment), 
4. Detailed Investigation (Final Risk Assessment), 
5. Cleanup Investigation.
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Figure 11: Flow Chart of the Risk Assessment Process applied in the German State of Lower 
Saxony in the Framework of Contaminated Land Investigations (modified after NLWA & 

NLfB, 1989) 

The risk assessment process which is being followed in the US Superfund program 
distinguishes 8 steps (EPA, 1997; Figure 12) and follows a somewhat similar
concept. Steps 1 and 2 of the US EPA approach correspond approximately to steps 
1 and 2 of the German system. Whereas the German system distinguishes 3 
different levels of field investigations (steps 3 – 5), the US EPA systems has only one 
(steps 3 – 7). In the German system, the risk management is not included in the (risk
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assessment) program, whereas the risk management is part of the Superfund 
program.

Figure 12: Ecological Risk Assessment Process for the US Superfund Program 
(SMDP – Scientific/Management Decision Point, DQO – Data Quality Objective)
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Figure 13: Steps and Corresponding Decision Points in the US Superfund Program 

CARACAS, the Concerted Action on Risk Assessment for Contaminated Sites in the
European Union, was established in 1996 as part of the EC Environment and Climate 
RTD Program to tackle the problem of contaminated land. It analyzed the policies
and practices in 16 European countries (FERGUSON, 1999) and gives a good
overview about the different approaches used in Europe.

The assessment of hazards to groundwater, as suggested in this guideline, will
mostly not go beyond phases 1 or 2 of the processes in Figures 11 and 12.

A careful planning of the work to be conducted during all these steps is paramount, 
because huge costs may be involved, depending on the size of the site, the 
contaminants involved and the scale of pollution. 

For the preliminary risk assessment the following information has to be made
available:
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Site Description
Ownership of land plot (cadastre), 
Present land use (aerial photographs, field surveys), 
Land use history (time series analysis of aerial photographs, questioning), 
Distance and relative location to nearest surface water feature, 
Distance and relative location to flood-pone areas (mapping of flood-prone 
area),
Distance and relative location to water supply utilities, 
Distance and relative location to groundwater protection zones, 
Distance and relative location to nature/landscape preservation areas, 
Distance and relative location to cultivated areas, 
Distance and relative location to built-up area, 
Assessment of existing and planned groundwater abstraction facilities and 
abstracted amounts, 
Other existing or planned land uses which could be affected. 

Substances
Type and amount of substances (questionnaire), 
Which substances were handled/processed/deposited where (historic records, 
questioning) ?
When/over which time period were the substances handled/processed/
deposited (historic records, questioning) ? 

Infiltration Conditions
Present situation (is an infiltration of the hazardous substances possible or 
not),
Which technical facilities are in place to reduce infiltration of the hazardous 
substances ? 
Groundwater recharge rate (field survey, official meteorological records),
Is a drainage system in place and where is the drained water treated/disposed 
of ? 
Are technical barriers hindering infiltration ? 

Pathway
Are geological barriers hindering infiltration (geological map, boreholes) ? 
Description of geological/hydrogeological situation (records of groundwater 
wells, pumping tests, groundwater studies, geophysical investigations, etc.), 
Groundwater contamination observed or not (monitoring wells) ? 
Description of hydrological conditions (hydrological/meteorological data), 
Determination of possible pathways: surface water – groundwater and 
groundwater – surface water interactions, 
Description of soils (soil maps), 
Soil contamination observed or not ? 

(Remark: Chemical data (air, soil, groundwater) have to be acquired following certain 
quality procedures (VITALE, 1997))
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Exposure Assessment
Which doses of a certain substance a target (human being) could be exposed
to by the hazard ? 
Which are the human health risks associated with a certain substance (US 
NCEA homepage (see below; ELLIOTT, 1994)? 

The risk assessment, based on these data, should answer the following questions:

Which is the emission path ? 
Which resources are endangered (soil, surface water, groundwater, air) ? 
Which substances cause a risk ? 
Which concentrations of critical substances are to be expected where and 
when (prognosis of contaminant spreading) ?
Which impact on the environment is to be expected ? 
Have human beings already been affected ?
Which are the possible risks for human health (human toxicity) or the 
environment (ecotoxicity) ? 
Is the number and location of observation wells sufficient (present 
situation/groundwater quality must be documented) ? 
Which further measures have to be implemented to counter/monitor a 
contamination risk (which target is to be protected by which means) ? 

For further reading the guideline established by EPA (1997) is recommended as well 
as the EPA homepages of the Superfund Risk Assessment
(http://www.epa.gov/superfund/programs/risk/index.htm) and of the National Center
for Environmental Assessment (http://cfpub1.epa.gv/ncea/cfm/nceahome.cfm), which 
both contain a vast amount of information pertaining to risk assessment.
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Annex 1: German Concept of Groundwater Vulnerability Mapping 

Concept for the determination of the effectiveness of the rock and superficial
cover above the topmost aquifer as a protective barrier against groundwater
pollution  [translated by BGR from HOELTING et al., 1995]

1. Introduction

When assessing the vulnerability of the groundwater to contamination, the protective
effect of the cover of rocks and superficial deposits above the topmost aquifer in of
decisive importance. This in true when considering the impact of agriculture 
(fertilizers, pesticides) and when assessing potential waste disposal sites,
abandoned hazardous sites etc. Determination of the protective effectiveness of the 
rock or superficial cover above an aquifer is carried out to assess the risks to 
groundwater by pollutants migrating through the soil and rock cover into the 
groundwater, und to represent the degree of risk on a map. 

The protective effectiveness or filtering effect of the rock and soil cover depends an
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. Moreover, it 
should be borne in mind that the numerous substances that may pollute groundwater
show differing migration, sorption and degradation behavior underground, about 
which little is known. 

In principle, it would be necessary to develop special assessment methods for all of 
these pollutants or at least for the main pollutant groups, depending on their behavior
in the ground, and then compile the corresponding hazard maps. 

In order to provide a practical method for the qualitative determination of the 
protective effectiveness of the rock und soil cover above an aquifer in spite of these 
problems, assessment scheme was developed. Although it involves considerable
simplification, it provides valuable information related to many of the pending
problems. Starting from assessments at point sites on the basis of existing data and 
without any costly determination of further parameters, the method allows the 
protective effectiveness of the rock and soil cover above an aquifer to be assessed
over large areas. Thus, in many individual cases, time-consuming, detailed 
investigations and/or mapping can be avoided.

Maps showing the protective effectiveness of the rock and soil cover above an 
aquifer represent a valuable tool for the remediation of contaminated catchment 
areas for potable groundwater. This is due to the fact that they show areas where 
changing the land-use or removing sources of contamination can lead to a 
comparatively rapid diminution of pollutant input and thus and thus an improvement 
of groundwater quality. Additionally, such naps provide useful information for
assessing the effects of water pollutants originating from point sources. 
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2. Basic aspects 

During the passage of percolating water through the rock and soil cover above the 
topmost aquifer, pollutants in the water may be subject to mechanical,
physicochemical, and microbial processes leading to their degradation. The 
effectiveness of these processes is mainly determined by the residence time of the 
percolating water in the rock and soil cover. The longer the residence time, the longer
the degradation and sorption processes can be effective and thus reduce the input of 
pollutants into the groundwater. In the most favorable case, contamination does not 
even reach the groundwater, even in the long term. 

The cover dealt with in this paper comprises the rock and superficial deposits above 
the uppermost, interconnected, generally laterally extensive aquifer system that can 
be used far groundwater development. 

The residence time of the percolating water in the rock and soil cover is mainly 
determined by three factors: 

- the thickness of the rock and soil cover, 
- the permeability of the rock and soil cover, which depends on the 

pedological constitution and/or lithology, 
- the percolation rate. 

When assessing protective effectiveness, the soils and the lower part of the cover
below the soil are considered separately. These two zones are linked by the amount 
of water, which passes the lower boundary of the rooting zone. 

For soils, the effective field capacity (eFC) is taken as a measure of the capacity of a 
soil to store plant-available water. The residence time of the percolating water in the
soil, and thus also the evapotranspiration and groundwater recharge, are 
considerably affected by this parameter. The effective field capacity of a soil depends
mainly on grain size, degree of compaction and humus content and is generally
determined for the profile down to the effective rooting depth (AG BODENKUNDE, 
1982) [The handbook on pedological mapping generally used in Germany, third
edition 1982]. 

The residence time of percolating water below the soil, i.e. in the rock and superficial 
deposits covering the aquifer, depends not only on the percolation rate but also on 
the geohydraulic rock properties. Due to their fundamentally different geohydraulic
properties, unconsolidated sediment and solid rock are assessed on the basis of
different criteria.

In unconsolidated deposits below the soil it is mainly the fine-grained sediments or 
sediment components that reduce the permeability and thus reduce the percolation 
velocity. The cation exchange capacity, upon which sorption depends, increases
from sand via silt to clay. A decrease in the percentage of clay and/or silt, however, 
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causes a decrease in the residence time and cation exchange capacity and is
equivalent to a decrease in the protective effectiveness. 

Determination of the permeability of unconsolidated rock on the basis of a lithological
description, or figures for the percolation velocity or residence time, especially in the 
case of coarse-grained material, is rather reliable. For the purpose of keeping the 
assessment scheme consistent, a method of determination analogous to that used
for soil, i.e. via the effective field capacity, would be desirable. Since, however, if this 
method were used, complex model calculations would be necessary, problems would 
occur in the case of non-log-normal grain-size distributions, and the cation exchange
capacity would have to be taken into consideration, a simpler way is chosen here. 
This does not involve any significant loss of essential information. Due to its ease of 
estimation, the cation exchange capacity can function as an approximate measure of
the residence time and, at the same time, appropriately, measure of the protective
effectiveness of unconsolidated deposits below the soil. Coarse elastic sediments, 
which have no cation exchange capacity worth mentioning, and unconsolidated rocks 
for which the close relationship between cation exchange capacity and residence
time mentioned above is hardly valid (e. g. peat, sapropel), are accommodated in the 
system in a way which takes account of the shorter residence time of percolating 
water in these sediments (see Table 1-3).

A different assessment scheme is used for solid rocks, since water moves mainly
along joints and/or karst cavities; for this reason, the percolation velocity is generally
high, and, due to the comparatively small contact area, the cation exchange capacity
is likely to be correspondingly low. Thus it must be concluded that the properties of 
solid rocks are altogether less favorable with regard to protecting an underlying
aquifer from contamination, even when the permeability is low. Decisive for the 
assessment of the protective effectiveness of these rocks are primarily the rock
properties that determine its permeability. 

Due to the relatively low protective effectiveness of solid rocks, primary importance 
must be assigned to the protection provided by a possible weathering zone and 
Quaternary cover. Therefore, strongly and deeply weathered zones must be 
assessed using criteria normally applied to unconsolidated rock. 

The percolation rate, i.e. the amount of water infiltrating the ground per unit time, 
affects the movement and thus the residence time of the percolating water, both in 
the soil and in the lower parts of the rock cover above the aquifer. A high percolation
rate means more rapid downward movement of water (possibly contaminated) and 
thus a lower protective effectiveness. 

Moreover, it must be considered that, in the curse of the sorption and exchange 
processes in the lower parts of the rock cover above the aquifer, the potential of the 
cover to retain and/or degrade pollutants is gradually reduced. This is due to the fact 
that here, in contrast to the soil zone, which contains the normal assemblage of 
organisms, the absorption capacity is not regenerated. Therefore, in the case of a 
persistently large input of pollutants, it must be expected that in the long run the 
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protective effectiveness of the lower part of the reek cover will be reduced, possibly
to zero. 

As the long-term maintenance of this "purifying potential" is of fundamental
importance for groundwater protection, large quantities of percolating water and/or a 
high groundwater recharge rate must be regarded as having a negative effect on the 
protective effectiveness of the cover above an aquifer. It is true that a high
percolation rate tends to dilute any pollutants in the water; however, the total amount 
of pollutants leached from the ground is higher than when the groundwater recharge 
rate is low. This means that the reactive and/or absorptive components in the 
substrate are more rapidly "used up". 

The protective effectiveness of the soil and rock cover above groundwater aquifers is
assessed on the basis of the assumption that the sole source of the percolating water 
is rainfall. In the case of high input of pollutants from a point source, e.g. a spillage of 
a toxic chemical, this is not strictly true, and in this case specific studies on the
pollutants themselves and the amounts involved are necessary. 

Perched aquifer systems may delay or even prevent downward transport of 
pollutants. Moreover, artesian conditions make it almost impossible for contaminated 
water to percolate downwards into the aquifer. Local hydrogeological conditions,
such as these, which provide additional protection for the main aquifer, will be 
considered in the final assessment by assigning extra points in the grading. 

The protective effectiveness of the soil and rock cover above an aquifer, is assessed 
on the basis of a point system, a large number of points denoting a high protective 
effectiveness. The assignment of points to the different parameters and the 
protection-effectiveness classes are partly based on the system compiled by the 
Working Group "Criteria for the assessment of the soil and rock cover above an 
aquifer within the framework of the soil in formation system". The assessment of the 
different parameters is explained below. 

3. Assessment of the parameters

3.1 Soil

Parameter 1: Effective field capacity (eFC)  (number of points = S)

The effective field capacity [mm/dm] is determined for each individual soil horizon by 
field and laboratory measurements or is derived using standard tables in the
Pedological Mapping Handbook (AG BODENKUNDE 1982). The eFC is then
multiplied by the thickness of the horizon in decimeters [dm]. To simplify the
calculation, the rooting depth is assumed to be constant at 10 dm. The total effective 
field capacity of a soil ( eFC) is obtained by addition of the effective-field-capacity
values calculated for each horizon down to 1 m depth (or to the water table if < 1 m 
below ground surface). For shallow soils, the effective field capacity of the substrate 
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below the actual soil zone is assessed down to a depth of 1 m and included in the 
calculation.

The total effective field capacity is subdivided into 6 classes as in the Pedological 
Mapping Handbook. Each of these classes is given a number of points, a large 
number corresponding to a comparatively long residence time of the percolating
water (Table 1-1).

Table 1-1: Assessment of soils on the basis of effective field capacity for the GLA-Method 
( eFC) (number of points = S) 

eFC  [mm] S
down to 1.0 m depth 

> 250 750
> 200 - 250 500
> 140 - 200 250
> 90 - 140 125
> 50 - 90 50

< 50 10

In the calculations on the basis of the effective field capacity referred to here,
comparatively unfavorable assessment is made of argillaceous soils. However, this 
feature of the classification is justified because the soils often show regular
desiccation cracks, which tend to accelerate the downward migration of pollutants. 

Within this scheme, the protective effectiveness of the soil in general is assessed 
rather unfavorably in order to take into consideration the effect of macro-pores, which 
give rise to considerable small-scale variations. 

Parameter 2: Percolation rate (factor W)

As far as possible, the available data on the annual groundwater recharge from 
rainfall is used to determine the percolation factor W (Table 1-2). If this data is not 
available, a comparable figure is determined by taking the difference between the 
annual rainfall (N) and the potential evapotranspiration (ETPpot.). Due to the lack of 
initial data, the effect of the slope cannot normally be taken into consideration, which 
means that the calculation is done on the basis of an almost horizontal ground 
surface.
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Table 1-2: Percolation rates and the corresponding factor (W) used in the GLA-Method 
(based on the actual groundwater recharge (GWR) or an alternative figure given 
by N - ETPpot.)

GWR [mm/a]* N - ETPpot. (mm/a]* factor W 
< 100 1.75

> 100 - 200 < 100 1.5
> 200 - 300 > 100 - 200 1.25
> 300 - 400 > 200 - 300 1.0

> 400 > 300 - 400 0.75
> 400 0.5

*If the data is available, the actual groundwater recharge rate should be used 

3.2 Rock cover above the uppermost aquifer, below the soil 

The protective effectiveness of the rock cover above the uppermost aquifer and 
below the soil, i.e. from a standard depth of 1 m below ground surface down to the 
water table (in the case of a confined aquifer down to the top of the aquifer), is 
calculated for each bed individually. The points for all the beds in the section are then 
added up. The protective effectiveness of the rock cover below the soil depends on
various parameters, which are assessed as follows: 

Parameter 3: Rock type (number of points = R)

Due to their fundamentally different geohydraulic rock properties, unconsolidated and
consolidated rocks are assessed separately. 

In the case of unconsolidated rocks, the residence time is derived via the cation 
exchange capacity (CEC), since both these factors depend directly on the proportion 
of fine-grained material present. The cation exchange capacity is more easily 
quantifiable because it can be obtained from standard lithological tables. To 
incorporate coarse material, which has a negligible cation exchange capacity, in the 
system, its residence time, which is invariably low, has been estimated. 

The proportions of clay and silt contained in different soil types are given in weight
percent in Table 11 and Figure 3 in AG BODENKUNDE (1982). On the basis of 
literature data, the cation exchange capacity of clay is taken as 60 cmolc /kg and that 
of silt as 10 cmolc /kg. Using these figures, a mean cation exchange capacity was
calculated for different types of unconsolidated rock (100 g) and converted into molc
/m3, assuming an average dry density of 1.5 g/cm3. The number of points (Ru) was 
then estimated on the basis of the cation exchange capacity for each of the different 
types of unconsolidated rock. These are listed in Table 1-3.
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Table 1-3: Assessment of unconsolidated rocks for the GLA-Method
(number of points = Ru).

Type of a unconsolidated rock Ru = no. of points per meter bed thickness
clay 500
loamy clay, slightly silty clay 400
slightly sandy clay 350
silty clay, clayey silty loam 320
clayey loam 300
very silty clay, sandy clay 270
very loamy silt 250
slightly clayey loam, clayey, 
silty loam 

240

very clayey silt, silty loam 220
very sandy clay, sandy silty
loam, slightly sandy loam, loamy 
silt, clayey silt 

200

sandy loam, slightly loamy silt 180
slightly loamy silt, sandy loamy
silt, silt, slightly sandy loam

160

very clayey sand, clayey sand, loamy 
silty sand 

140

sandy silt, very loamy sand 120
loamy sand, very silty sand 90
slightly clayey sand, silty 
sand, sandy clayey gravel

75

slightly loamy sand, sandy
silty gravel 

60

slightly silty send, slightly
silty sand with gravel 

50

sand 25
sand with gravel, sandy gravel 10
gravel, gravel and breccia 5
unconsolidated volcanic material 200
peat 400
sapropel 300

If the rock contains visible amounts of organic matter, the number of points is 
increased by 75 per meter thickness (not applicable to peat and sapropel). 

If the content of organic matter is visibly elevated, 75 points are added per meter 
thickness. In the cases of peat, consolidated volcanic material and sapropel, as with 
the coarser material mentioned above, there is limited correlation between cation 
exchange capacity and residence time; thus a large number of points are given to 
reflect the comparatively high percolation velocity. 

Owing to the presence of deep desiccation cracks, clay- and silt-rich superficial 
deposits up to 3 m thick resting on permeable bedrock containing no groundwater
are treated as moderately jointed claystone (Table 1-4).
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Solid rocks, in spite of their mostly very low intrinsic permeability, often show high
permeability due to jointing and/or karstification, and thus comparatively short 
residence times for percolating water. Therefore, the umber of points (Rs) is 
determined as the product of a figure (O) for the rock type that reflects the low 
intrinsic permeability of the rock, and a factor (F) reflecting the presence of joints, 
karst cavities, etc. (Table 1-4).

The numbers of points given in Table 1-4 apply to consolidated rocks which are only 
slightly weathered. Thoroughly weathered rocks should be assessed as if they were
unconsolidated rocks (Table 1-3).

Parameter 4: Thickness of the soil and rock cover above the aquifer (factor T)

The distance covered by percolating water (assuming vertical percolation), i.e. the 
thickness of the soil and rock above the topmost aquifer, affects the residence time 
and thus the time that percolating water is exposed to mechanical, physico-chemical, 
and microbial processes. In assessing the protective effectiveness, the thickness of
each bed in meters is used as a factor in the calculation. 

Table 1-4: Assessment of consolidated rocks for the GLA-Method
(number of points (Rs) = product of points for rock type (0) and factor for joints, 
karst cavities, etc. (F), i.e. Rs = O x F).

Rock type O Structure F
claystone, slate,
marlstone,
siltstone

20 non-jointed 25.0

sandstone, quartzite, 
volcanic rock, plutonic rock,
metamorphic rock 

15 slightly jointed 4.0

porous sandstone, porous volcanic 
rock (e. g. tuff)

10 moderately jointed,
slightly karstic

1.0

conglomerate, breccia, limestone,
tuffaceous limestone, dolomitic rock, 
gypsum rock

5 moderately karstic 0.5

strongly jointed,
fractured or strongly 
karstic

0.3

not known 1.0

Local conditions that may provide additional protection to the main aquifer are taken
account of using standard point bonuses as follows: 
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Parameter 5: Perched aquifer systems (number of bonus points Q)

A perched aquifer may prevent the migration of pollutants to greater depths and/or 
may prevent or delay contamination of the main aquifer system. This protection is 
most effective where natural springs occur. 

A bonus (Q) of 500 points is added for each perched aquifer with springs.

Parameter 6: Hydraulic pressure conditions (number of bonus points HP)

The hydraulic pressure conditions depend, among other things, on the lithology of the
soil and rock cover above the aquifer, which has already been taken account of by
the points awarded for each rock type. However, permanent artesian conditions are 
particularly effective as a natural protection against percolation of contaminated 
water into the aquifer. Therefore, a bonus (HP) of 1500 points is given in this case. 

6. Determination of the overall protective effectiveness 

To determine the overall protective effectiveness (Pt) of the soil and rock cover above
the topmost aquifer, the following procedure is used: initially, the protective 
efficiencies of the soil (P1) and the rock cover (Ps) are calculated separately. 

Soil cover (P1)
The number of points (S) given for the effective field capacity (eFC) of the soil from 
Table 1-1 is multiplied by factor W, which represents the percolation rate (see Table
1-2).

P1 = S x W 

Rock cover (P2)

Each individual bed in the rock cover below the soil (below one meter depth) and 
above the aquifer is assessed separately: in the case of unconsolidated rock (no. of 
points = Ru) using Table 1-3 and in the case of solid rock (no. of points = Rs) using 
Table 5; the number of points is then multiplied by the stratigraphic thickness in 
meters (factor T). The sum of all the points for the individual rock units, i.e. the entire 
section from 1 m below the surface to the water table (to the top of the aquifer in the 
case of a confined aquifer) gives a figure representing the protective effectiveness of 
the rock cover below the soil. This figure, as in the case of the soil cover, is multiplied
by factor W (from Table 1-2), which represents the percolation rate. 

If applicable, bonus(es) is (are) then added for each perched aquifer with springs 
(bonus Q) and/or artesian conditions (bonus HP).
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The number of points (P2) representing the protective effectiveness of the rock cover
below the soil is calculated as follows 

P2 =  W * (R1T1 + R2T2 + .... + RnTn) + Q + HP 
The protective effectiveness coefficient (Pt) for the entire soil and rock cover above 
the aquifer is the sum of P1 and P2.

Pt =  P1 + P2

In Table 1-5, five classes of protective effectiveness are shown, based on the above 
coefficient, and for which the ranges of the residence times of percolating water in
the soil and rock cover above the aquifer are given. 

Table 1-5: Classes of overall protective effectiveness for the GLA-Method. 

Overall protective
effectiveness

total no. of points Pt approximate residence 
time of percolating water in 

the soil and rock cover 
above the aquifer 

very high > 4000 > 25 year 
high > 2000-4000 10-25 years 

moderate > 1000-2000 3-10 years 
low 500-1000 several months to about 3

years
very low 500 a few days to about 1 year, in 

karstic rock often less 
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5. Examples

In examples 1 to 4 the following assumptions are made: 

- soil containing 2 X of organic matter and having a effective average 
density (referred to as Ld 3 in AG BODENKUNDE 1982) 

- N – ETPpot. = 250 mm/a 
- no perched mater table present 
- topmost aquifer unconfined 

Example 1:

Total thickness of soil and rock cover above aquifer = 6 m. 

- O,8 m topsoil, sandy with gravel 
- 2,0 m slightly silty sand with gravel 
- 3,0 m sandy gravel 
- 4,0 m sand
- 6.0 m sandy gravel 

  points * W
S =  10 = 10 x 1,0 = P1
Ru1*T =  50 * 1,0 
Ru2*T =  10 * 1,0 
Ru3*T =  25 x 1,0Jt 
Ru4*T =  10 x 2,0

105 * 1,0 = P2

Pt = P1 + P2 = 115 points 

Protective effectiveness very low. 

Example 2:

Total thickness of soil and rock cover above aquifer = 16 m. 
- 1,1 m topsoil, silty loam 
- 5,0 m silty clay 
- 15,0 m slightly silty clay 
- 16,0 m slightly silty sand with gravel 

  points x W
S = 500 = 500 x 1,0 = P1
Ru1*T =  320 x 4,0 = 1280 
Ru2*T =  400 x 10,0 = 4000 
Ru3*T =  50 x 1,0 = 50

5330 * 1,0 = P2
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Pt = P1 + P2 = 5830 points 

Protective effectiveness very high. 

Example 3:

Total thickness of soil and rack cover above aquifer 50 m. 

- 1,2 m topsoil, silty loam 
- 2,2 m loamy silty sand 
- 50.0 m strongly karstic limestone 

  points * W
S = 500 = 500 * 1,0 = P1
Ru*T =  140 x 1,2 = 168 
Rs*T =  (5 x 0,2) x 47,8 = 72

` 240 x 1,0 = P2

Pt = P1 + P2 = 740 points 

Protective effectiveness Iow. 

Example 4:

Total thickness of soil and rock cover above aquifer m 70 m. 

- 1,2 m topsoil, silty loam 
- 40,0 m sandy silty gravel 
- 60,0 m conglomerate
- 70,0 m sandy gravel 

  points x W
S = 500 = 500 x 1,0 = P1
Ru1*T =  60 x 39,0 = 2340 
Rs*T =  (5 x 1,0) x 20,0 = 100 
Ru2*T =  10 x 10,0 = 100

2540 * 1,0 = P2

Pt = P1 + P2 = 3040 points 

Protective effectiveness high. 

Example 5:

Assumptions as in examples 1 to 4, but N – ETPpot. = 350 mm/a, 
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total thickness of soil and rock cover above aquifer = 80 m. 

- 0,8 m topsoil, sandy with gravel 
- 2,4 m sandstone, strongly weathered (equal to sand with gravel) 
- 5,5 m claystone, strongly weathered (equal to silty clay) 
- 11,0 m claystone, slightly jointed 
- 80,0 m sandstone, moderately jointed, with intercalations of moderately 

jointed claystones and siltstones totaling 18,0 m thickness 

  points x W
S = 10 = 10 x 0,75 = P1
Rs1*T =  10 x 1,4 = 14 
Rs2*T =  400 x 3,1 = 1240 
Rs3*T =  (20 x 4,0) x 5,5 = 440 
Rs4*T =  (15 x 1,0) x 51 = 765 

+  (20 x 1,0) x 18 = 360
2819 x 0,75 = P2

   2114 = P2

Pt = P1 + P2 = 2122 points 

Protective effectiveness high. 

Example 6:

Assumptions as in examples 1 to 4, but perched aquifer with springs present; total
thickness of soil and rock cover above aquifer = 10 m. 

- 1,1 m topsoil, sandy 
- 2,5 m slightly silty sand 
- 3,5 m sandy gravel, 3,0 to 3,5 m water bearing 
_ 4,5 m clay
- 10,0 m slightly silty sand 

points x W
S = 10 10 x 1,0 = P1
Ru1*T =  50 x 1,5 = 75
Ru2*T =  10 x 1,0 = 10
Ru3*T =  500 x 1,0 = 500
Ru4*T =  50 x 5,5 = 275

860 x 1,0 
bonus HP + 500

= 1360 = P2

Pt = P1 + P2 = 1370 points 
Protective effectiveness moderate. 
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Example 7:

Assumptions as in examples 1 to 4, but N – ETP pot. < 100 mm/a and confined 
aquifer, total thickness of soil and rock above aquifer = 5,0 m. 

- 0,8 m topsoil, sandy with gravel 
- 4,0 m sandy clayey gravel 
- 5,0 m very silty clay 

  points x W
S = 10 = 10 x 1,5 = P1
Ru1*T =  75 x 3,0 = 225 
Ru2*T =  270 x 1,0 = 270

495 x 1,5 = 723 
 bonus HP  + 1500
    2243 = P2

Pt = P1 + P2 = 2258 points 

Protective effectiveness high. 

6. Plausibility test 

To test whether the points assigned to the various rock types and the suggested 
calculation methods lead to plausible results, comparisons are made of the protective
effectiveness of lithologically different rock types. 

a) The protective effectiveness of 1.0 m clay corresponds to that of 

1,6 m silty clay 
1,9 m very silty clay; sandy clay 
2,3 m very clayey silt; silty loam 
2,5 m very sandy clay
3,2 m slightly clayey silt; silt; very sandy loam
3,6 m clayey sand; loamy silty sand 
5,6 m very silty sand 
7 m slightly clayey sand; sandy clayey gravel 
8 m sandy silty gravel 
10 m slightly silty sand 
20 m sand 
50 m sand with gravel; sandy gravel 
100 m gravel, gravel with breccia 

b) comparison of the protective effectiveness of different rock types, each rock type is
assumed to be 10 m thick. The soil cover is neglected.
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Unconsolidated rock Points Protective effectiveness 
50 very low

sand with gravel 100
250

slightly silty sand with gravel low
silty sandy gravel 600
slightly clayey sand 750
very silty sand 900
sandy silt 1200 moderate

1600
very sandy clay, clayey silt 2000

2200
very silty clay, sandy clay 

3500
very high 

clay 5000

gravel

sand
500

silt
high

very clayey silt
2700

silty clay 3200
slightly sandy clay 
loamy clay, slightly silty clay 4000

Solid rock Points Protective effectiveness 
limestone, strongly karstic 15 very low 
sandstone, porous, strongly jointed 30
sandstone, strongly jointed 45
claystone, strongly jointed 60
sandstone, porous, 
moderately jointed

100

sandstone, moderately jointed
claystone, moderately jointed 200
limestone, slightly jointed 200
sandstone, slightly jointed 600 low
claystone, slightly jointed 800

750

c) As in b) but thickness of each rock type is assumed to be 25 m 

Unconsolidated rock Points Protective effectiveness 
gravel 125 very low
sand with gravel 250
sand 625 low
slightly silty sand with gravel 1250 moderate
silty sandy gravel 1500
slightly clayey sand 1875
very silty sand 2250 high
silt 4000 very high
very sandy clay, clayey silt 5000
very clayey silt 5500
clay >10000
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Solid rock Points Protective effectiveness 
limestone, strongly karstic 38 very low 
sandstone, porous, strongly jointed 75
sandstone, strongly jointed 113
claystone, strongly jointed 150
sandstone, moderately jointed 375
claystone, moderately jointed 500
limestone, slightly jointed 500
sandstone, porous, slightly jointed 1000 low
sandstone, slightly jointed 1500
claystone, slightly jointed 2000 moderate
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Annex 2: Description of the Evaluation Process for Preparing a 
Groundwater Vulnerability Map 

Map of the Surat Thani Area (Example from Southern Thailand; MARGANE, 2001) 

(Remark: In this case the effective field capacity of the soil was not available, so that
parameter P1 was integrated into P2. The distribution of the groundwater recharge rate is 
homogeneous, so that the preparation could be done by calculating the P2 values for each 
known point (borehole) and then delineating the vulnerability classes. This method is much 
easier than the application of the original GLA-Method or PI-Method because it does no 
require the use of Arc/Info or a similar GIS system.).

All relevant data were stored in the hydrogeological database HYDRA. From there they were 
exported to EXCEL spreadsheets. The data from the geological boreholes were extracted 
from the program GeODin, were all boreholes were entered for graphical presentation and 
the preparation of cross sections. The following data fields were needed: 

 Well no.,
 E-coordinate,
 N-coordinate, 

lithological description (with: depth, detailed information about the main and auxiliary 
components of each layer), 
depth of screens,
yield and drawdown at pumptest (or specific well capacity). 

Based on this information the thickness of each layer was calculated. For every layer the 
vulnerability rating was calculated by using a lookup table for assigning standard vulnerability 
values to the lithology (defined as key codes in GeODin and HYDRA) and multiplying them 
with the actual thickness of the layer. 

Based on the information about lithology, screen depth and specific well capacity, it was then 
manually sorted out which layer(s) constitute(s) the main aquifer. In the case of a confined
aquifer the protective effectiveness is the rating of the overlying layer of low permeable rocks 
or sediments above the aquifer. In the case of an unconfined aquifer the protective
effectiveness is the rating of the overlying layers down to the depth of groundwater (water 
level). The values were calculated accordingly.

Guideline for Groundwater Vulnerability Mapping.doc Page  76 



Technical Cooperation Project Management, Protection and Sustainable Use of Groundwater and Soil 
Resources in the Arab Region
Guideline for Groundwater Vulnerability Mapping and Risk Assessment for the Susceptibility of
Groundwater Resources to Contamination

Figure 2-1: Calculation of thickness of layer and marking the main aquifer 

Figure 2-2: Assigning the standard protective effectiveness rating for a layer and multiplying
it with the thickness of the layer 
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Figure 2-3: Assigning the final protective effectiveness rating for a well 

The values were marked with “>” if required and the displayed in the program SURFER. For 
areas which are sufficiently covered with data, the kriging method could be applied and the 
lines then afterwards be adjusted according to the geology. This method was used e.g. for 
drawing the groundwater vulnerability map of the Chiang Mai – Lamphun basin. However, in 
the Surat Thani Greater City area this was not the case. In this case the symbols for the 4 
different classes were (low, moderate, high and very high, with different symbols for 
groundwater wells and geological boreholes) were plotted out together with the labels (the
labels with the information “>” have to be stored in a separate column because SURFER 
does not recognize values with “>”), the geological boundaries and the hydrographical net. In 
the case of the Surat Thani Greater City area the geological boreholes indicate only that the 
protective effectiveness must be higher than this value. On the plot the classes were 
delineated by hand using all the above-mentioned information. 
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Figure 2-4: Delineation of vulnerability classes using borehole information, 
topography and geology 
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Annex 3: Groundwater Vulnerability Mapping in Karst Areas – The 
EPIK Method

(from SAEFL, 2000) 
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Annex 4: Restrictions for Potentially Contaminating Activities and 
Facilities in Groundwater Protection Zones

Source: MARGANE & SUNNA (2002): Guideline for the Delineation of Groundwater 
Protection Zones in Jordan

Commercial Land Uses 

Land use/Activity Zone I Zone II Zone IIIA Zone IIIB 
Construction or extension 
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)

incompatible incompatible incompatible incompatible

Handling of substances
contaminating water 

incompatible incompatible incompatible4 incompatible4

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

incompatible incompatible incompatible incompatible

Aircraft servicing incompatible incompatible incompatible incompatible
Airports or landing 
grounds for aircrafts
(including helicopters)

incompatible incompatible incompatible incompatible

Amusement centers incompatible incompatible incompatible6 compatible
Automotive businesses incompatible incompatible incompatible compatible
Boat servicing incompatible incompatible incompatible compatible
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Land use/Activity Zone I Zone II Zone IIIA Zone IIIB 
Dry cleaning premises incompatible incompatible incompatible compatible
Farm supply centers incompatible incompatible incompatible6 compatible
Garden centers incompatible incompatible incompatible6 compatible
Laboratories (analytical, 
photographic)

incompatible incompatible incompatible compatible

Market halls incompatible incompatible incompatible6 compatible
Mechanical servicing incompatible incompatible incompatible6 compatible
Pesticide operator depots incompatible incompatible incompatible compatible
Restaurants and taverns incompatible incompatible incompatible6 compatible
Shops and shopping 
centers

incompatible incompatible incompatible6 compatible

Transport & municipal 
works depots

incompatible incompatible incompatible compatible

Vehicle wrecking and 
machinery

incompatible incompatible incompatible incompatible

Used tire storage / 
processing / disposal 
facilities

incompatible incompatible incompatible incompatible

Warehouses incompatible incompatible incompatible6 compatible

Industrial Land Uses

Land use/Activity Zone I Zone II Zone IIIA Zone IIIB 
Heavy Industry incompatible incompatible incompatible incompatible
Light or general Industry incompatible incompatible incompatible incompatible
Petroleum refineries incompatible incompatible incompatible incompatible
Chemical manufacture / 
formulation

incompatible incompatible incompatible incompatible

Dye works and tanneries incompatible incompatible incompatible incompatible
Metal production /finishing incompatible incompatible incompatible incompatible
Concrete / Cement 
production

incompatible incompatible incompatible compatible

Urban Land Uses

Land use/Activity Zone I Zone II Zone IIIA Zone IIIB 
Buildings incompatible incompatible incompatible6 compatible
Development zones incompatible incompatible incompatible compatible
Development and 
extensions of cemeteries
for earth sepulture

incompatible incompatible incompatible compatible

Development and 
extensions of cemeteries
for urn sepulture 

incompatible incompatible compatible compatible

Hospitals, health centers incompatible incompatible incompatible compatible
Veterinary, dental centers incompatible incompatible incompatible compatible
Prisons incompatible incompatible incompatible6 compatible
Drinking water treatment 
plants

incompatible compatible6 compatible6 compatible
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Land use/Activity Zone I Zone II Zone IIIA Zone IIIB 
Markets, trade fairs, 
festivals and other similar
gatherings outside
appropriate facilities

incompatible incompatible incompatible compatible

Energy Generation and Electricity Conveyance Systems

Land use/Activity Zone I Zone II Zone IIIA Zone IIIB 
Power plants Incompatible incompatible incompatible incompatible7

Transformers and 
electricity lines holding 
cooling or insulating fluids
possibly contaminating
water

incompatible incompatible incompatible5 incompatible8

Land Uses related to Exploration, Mining and Mineral Processing 

Land use/Activity Zone I Zone II Zone IIIA Zone IIIB 
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 incompatible8

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 I Zone II Zone IIIA Zone IIIB 
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

incompatible incompatible incompatible compatible

Installation and extension
of liquid manure
containers, solid manure
sites or silos

incompatible incompatible incompatible compatible

Animal sale yards and 
stockyard

incompatible incompatible incompatible compatible

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 I Zone II Zone IIIA Zone IIIB 
Application of fertilizers incompatible incompatible incompatible incompatible2

Application of pesticides incompatible incompatible incompatible incompatible
Application of pesticides
employing air-borne
distribution methods 

incompatible incompatible incompatible incompatible

Application of liquid or 
solid manure or silage 
seepage on waste land 

incompatible incompatible incompatible incompatible

Application of liquid or 
solid manure or silage 

incompatible incompatible compatible compatible

Storage of liquid or solid
manure or soluble fertilizer 
outside permanently
sealed sites and silage 
production outside
permanent silos 

incompatible incompatible incompatible incompatible3

Deforestation, plowing of
legume-grass meadows 
and fallow 

incompatible incompatible incompatible incompatible

Spray irrigation in excess 
of field capacity

incompatible incompatible incompatible incompatible

Broad land cropping i.e.
non-irrigated

incompatible incompatible compatible compatible

Orchards incompatible incompatible compatible compatible
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Land use/Activity Zone I Zone II Zone IIIA Zone IIIB 
Horticulture incompatible incompatible compatible compatible
Floriculture incompatible incompatible incompatible compatible
Nurseries (potted plants) incompatible incompatible incompatible compatible
Silviculture (tree farming) incompatible incompatible incompatible compatible
Soil amendment (clean 
sand, loam, clay, eat) 

incompatible incompatible compatible compatible

Soil amendment (industry 
byproducts & biosolids)

incompatible incompatible incompatible compatible

Viticulture (wine & table 
grapes)

incompatible incompatible incompatible compatible

Agricultural Land Uses – Processing Facilities 

Land use/Activity Zone I Zone II Zone IIIA Zone IIIB 
Animal product rendering
works

incompatible incompatible incompatible compatible

Abattoirs incompatible incompatible incompatible compatible
Dairy product factories incompatible incompatible incompatible compatible
Manure stockpiling / 
processing facilities

incompatible incompatible incompatible compatible

Tanneries incompatible incompatible incompatible incompatible
Wool-scourers incompatible incompatible incompatible compatible
Vegetable / food
processing

incompatible incompatible incompatible incompatible

Breweries incompatible incompatible incompatible incompatible
Composting / soil blending 
commercial

incompatible incompatible incompatible compatible

Forestry product 
processing- pulp & paper, 
timber reservation, or 
wood fiber works 

incompatible incompatible incompatible compatible

Wineries incompatible incompatible incompatible incompatible

Waste Water Facilities 

Land use/Activity Zone I Zone II Zone IIIA Zone IIIB 
Sewers (gravity) incompatible incompatible incompatible1 incompatible1

Sewers (pressure mains) incompatible incompatible incompatible1 incompatible1

Sewage pump stations incompatible incompatible incompatible incompatible1

Wastewater treatment 
plants

incompatible incompatible incompatible incompatible1

Wastewater application to
land

incompatible incompatible incompatible incompatible

Transportation of sewage 
or waste water 

incompatible incompatible compatible compatible

Installation or extension of 
sewage, waste water or 
storm water drains 

incompatible incompatible incompatible1 incompatible1

Discharge of waste water incompatible incompatible incompatible incompatible
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Land use/Activity Zone I Zone II Zone IIIA Zone IIIB 
(other than treated 
precipitation) into surface 
water, flowing into Zone II
Discharge of waste water 
(other than treated 
precipitation) into surface 
water, not flowing into 
Zone II 

incompatible incompatible compatible compatible

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 I Zone II Zone IIIA Zone IIIB 
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 I Zone II Zone IIIA Zone IIIB 
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 incompatible incompatible incompatible incompatible
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Land use/Activity Zone I Zone II Zone IIIA Zone IIIB 
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

incompatible incompatible incompatible incompatible

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 incompatible9 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 incompatible9 compatible

Underground storage 
tanks for toxic / hazardous
substances

incompatible incompatible incompatible incompatible

Storage of fuel oil and 
diesel fuel 

incompatible incompatible incompatible9 compatible

Storage of liquid gas incompatible incompatible compatible compatible
Pipelines carrying fluids 
which may contaminate
water

incompatible incompatible incompatible incompatible

Facilities related to Transportation by Automobiles (e.g. Tunnels, Petrol 
Stations, Car Parks, etc.) 

Land use/Activity Zone I Zone II Zone IIIA Zone IIIB 
Roads and other similar
facilities for transportation 
(except for trails) 

incompatible incompatible compatible compatible

Changes of facilities for incompatible incompatible compatible compatible
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Land use/Activity Zone I Zone II Zone IIIA Zone IIIB 
transportation, unless 
made to improve the 
protection of groundwater 
Release of storm water 
from roads or other 
transportation systems to 
the ground 

incompatible incompatible incompatible12 incompatible12

Transportation of 
substances possibly 
contaminating
groundwater or radioactive 
substances

incompatible incompatible compatible compatible

Use of pesticides for 
vegetation control on 
transportation systems, 
unless groundwater is 
protected

incompatible incompatible incompatible compatible

Transportation systems incompatible incompatible incompatible10 compatible
Gasoline stations incompatible incompatible incompatible9 compatible
Service stations incompatible incompatible incompatible8 compatible
Vehicle parking 
(commercial)

incompatible incompatible incompatible6 compatible

Roads in tunnels incompatible incompatible incompatible6 compatible
Unpaved roads or tracks 
for agricultural use only 

incompatible compatible compatible compatible

Unpaved roads or tracks 
for forestry only 

incompatible compatible compatible compatible

Construction Sites, Constructions of Buildings and Facilities above the Land 
Surface and Construction Changes thereof 

Land use/Activity Zone I Zone II Zone IIIA Zone IIIB 
Construction and 
extension of buildings 
such as for commercial
and agricultural use and
changes in the use of 
buildings and structures

incompatible incompatible incompatible6 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 

incompatible incompatible incompatible compatible
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Land use/Activity Zone I Zone II Zone IIIA Zone IIIB 
engineering excavations 
Laying of buried utility 
lines and civil engineering
excavations

incompatible incompatible incompatible11 compatible

Drilling operations incompatible incompatible incompatible compatible
Development and 
extension of artificial
bodies of water

incompatible incompatible incompatible compatible

Activities related to Geothermal Energy (such as Drillings, Injection Facilities, 
etc.)

Land use/Activity Zone I Zone II Zone IIIA Zone IIIB 
Production of geothermal
energy

incompatible incompatible incompatible incompatible

Drilling of geothermal
boreholes

incompatible incompatible incompatible incompatible

Groundwater use for 
heating or cooling 
purposes (with abstraction
and injection facilities)

incompatible incompatible incompatible incompatible

Underground Constructions 

Land use/Activity Zone I Zone II Zone IIIA Zone IIIB 
Development of 
underground facilities for
storage of substances 
contaminating water

incompatible incompatible incompatible incompatible

Recreational and Sports Facilities, Tourism Facilities 

Land use/Activity Zone I Zone II Zone IIIA Zone IIIB 
Equestrian centers incompatible incompatible incompatible compatible
Golf courses incompatible incompatible incompatible incompatible
Permanent motor racing
facilities

incompatible incompatible incompatible incompatible

Motor racing incompatible incompatible incompatible compatible
Swimming pools incompatible incompatible compatible compatible
Recreational parks -
irrigated

incompatible incompatible compatible compatible

Rifle ranges incompatible incompatible incompatible incompatible
Caravan parks incompatible incompatible compatible compatible
Motels, hotels, lodging
houses, hostels, resorts

incompatible incompatible incompatible compatible

Clubs-sporting or 
recreation

incompatible incompatible compatible compatible
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Educational and Research Land Uses

Land use/Activity Zone I Zone II Zone IIIA Zone IIIB 
Community education 
centers

incompatible incompatible incompatible6 compatible

Primary / Secondary
schools

incompatible incompatible incompatible6 compatible

Scientific research
institutes

incompatible incompatible incompatible6 compatible

Tertiary Education 
Facilities

incompatible incompatible incompatible6 compatible

Military Sites and Shooting Ranges 

Land use/Activity Zone I Zone II Zone IIIA Zone IIIB 
Military training camps and
casernes

incompatible incompatible incompatible incompatible6

Military airfields incompatible incompatible incompatible incompatible
Military storage facilities of 
substances hazardous to
groundwater

incompatible incompatible incompatible incompatible

Military shooting ranges incompatible incompatible incompatible incompatible

Notes:

1 unless checked for defects at regular intervals
2 unless in keeping with good agricultural practices as regards timing and quantities
3 excepting silage-making under plastic sheeting on tight base plates surrounded by retention 
basins
4 except for minor quantities for residential use, storage of fuel oil for residential use and
storage of diesel fuel for farming operations 
5 except for above ground lines or installations
6 unless sewage and waste water other than uncontaminated precipitation are completely and 
safely piped outside
7 unless gas-fired
8 unless substances used are not hazardous to groundwater or technical loss of substances
cannot occur
9 unless technical loss of substances is proven not to occur (checks on regular basis) 
10 unless sewage and waste water other than uncontaminated precipitation are completely 
and safely piped outside
11 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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Annex 5: 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

Guideline for Groundwater Vulnerability Mapping.doc Page  147 



Technical Cooperation Project Management, Protection and Sustainable Use of Groundwater and Soil Resources in the A
Guideline for Groundwater Vulnerability Mapping and Risk Assessment for the Susceptibility of Groundwater Resources to

Annex 6: Input Form of ACCESS Database Hazards to Groundwater
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Annex 7: Index of Potential Sources of Drinking Water Contamination
(Potential Source and Possibly Associated Contaminant) 

POTENTIAL SOURCE CONTAMINANT
Commercial / Industrial
Above-ground storage tanks Arsenic, Barium, Benzene, Cadmium, 1,4-Dichlorobenzene or P-Dichlorobenzene, cis 1,2-Dichloroethylene, tra

Dichloroethylene, Dichloromethane or Methylene Chloride, Lead, Trichloroethylene (TCE), Tetrachloroethylene
(Perc)

Automobile, Body Shops/Repair
Shops

Arsenic, Barium, Benzene, Cadmium, Chlorobenzene, Copper, cis 1,2-Dichloroethylene, trans 1,2-Dichloroethy
Dichlorobenzene or P-Dichlorobenzene, Lead, Fluoride, 1,1,1-Trichloroethane or Methyl Chloroform, Dichlorom
Chloride, Tetrachloroethylene or Perchlorethylene (Perc), Trichloroethylene (TCE), Xylene (Mixed Isomers)

Boat Repair/Refinishing/Marinas Benzene, Cadmium, cis 1,2-Dichloroethylene, Coliform, Cryptosporidium, Dichloromethane or Methylene Chlori
Lead, Mercury, Nitrate, Nitrite, trans 1,2-Dichloroethylene, Tetrachloroethylene or Perchlorethylene (Perc), Tric
Vinyl Chloride, Viruses

Cement/Concrete Plants Barium, Benzene, Dichloromethane or Methylene Chloride, Ethylbenzene, Lead, Styrene, Tetrachloroethylene o
(Perc), Toluene, Xylene (Mixed Isomers)

Chemical/Petroleum Processing Acrylamide, Arsenic, Atrazine, Alachlor, Aluminum (Fume or Dust), Barium, Benzene, Cadmium, Carbofuran, C
Chlorobenzene, Copper, Cyanide, 2,4-D, 1,2-Dibromoethane or Ethylene Dibromide (EDB), 1,2-Dichlorobenzen
Dichlorobenzene, 1,4-Dichlorobenzene or P-Dichlorobenzene, 1,1-Dichloroethylene or Vinylidene Chloride, cis 
Dichloromethane or Methylene Chloride, Di(2-ethylhexyl) adipate, Di(2-ethylhexyl) phthlate, 1,2-Dichloroethane 
Dioxin, Endrin, Epichlorohydrin, Ethylbenzene, Hexachlorobenzene, Hexachlorocyclopentadiene, Lead, Mercury
Methoxychlor,Polychlorinated Biphenyls, Selenium, Styrene, Sulfate, Tetrachloroethylene or Perchlorethylene (
Trichlorobenzene, 1,1,1-Trichloroethane or Methyl Chloroform, Trichloroethylene (TCE), Vinyl Chloride, Xylene 
(Fume or Dust) 

Construction/Demolition Arsenic, Asbestos, Benzene, Cadmium, Chloride, Copper,Cyanide, cis 1,2-Dichloroethylene, trans 1,2-Dichloro
Dichloromethane or Methylene Chloride, Fluorides, Lead, Selenium, Tetrachloroethylene or Perchlorethylene (P
Trichloroethane or Methyl Chloroform, Trichloroethylene (TCE), Turbidity, Xylene (Mixed Isomers), Zinc (Fume 

Dry Cleaners/Dry Cleaning Tetrachloroethylene or Perchlorethylene (Perc), 1,1,1-Trichloroethane or Methyl Chloroform, 1,1,2-Trichloroetha
Dry Goods Manufacturing Barium, Benzene, Cadmium, Copper, Dichloromethane or Methylene Chloride, Di(2-ethylhexyl) phthlate, Lead, 

or Methyl Chloroform, Polychlorinated Biphenyls, Tetrachloroethylene or Perchlorethylene (Perc), Toluene, Tric
Xylene (Mixed Isomers)

Electrical/Electronic Manufacturing Aluminum (Fume or Dust), Antimony, Arsenic, Barium, Benzene, Cadmium, Chlorobenzene, Copper, Cyanide, 
1,2-Dichlorobenzene or O-Dichlorobenzene, 1,2-Dichloroethane or Ethylene Dichloride, cis 1,2-Dichloroethylene
Dichloroethylene, Dichloromethane or Methylene Chloride, Di(2-ethylhexyl) phthlate, Ethylbenzene, Lead, Merc
Biphenyls, Selenium, Styrene, Sulfate, Tetrachloroethylene or Perchlorethylene (Perc), 1,1,1-Trichloroethane or
1,1,2-Trichloroethane, Trichloroethylene (TCE), Thallium, Toluene, Vinyl Chloride, Xylene (Mixed Isomers), Zinc

Fleet/Trucking/ Bus Terminals Arsenic, Acrylamide, Barium, Benzene, Benzo(a)pyrene, Cadmium, Chlorobenzene, Cyanide, Carbon Tetrachlo
Dichlorobenzene or O-Dichlorobenzene, 1,4-Dichlorobenzene or P-Dichlorobenzene, 1,2-Dichloroethane or Eth
1,2-Dichloroethylene, trans 1,2-Dichloroethylene, Dichloromethane or Methylene Chloride, Di(2-ethylhexyl) phth
Heptachlor (and Epoxide), Lead, Mercury, Methoxychlor, Pentachlorophenol, Propylene Dichloride or 1,2-Dichlo
Styrene, Toxaphene, Tetrachloroethylene or Perchlorethylene (Perc), Toluene, 1,1,1-Trichloroethane or Methyl 
Trichloroethylene (TCE), Vinyl Chloride, Xylene (Mixed Isomers)
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POTENTIAL SOURCE CONTAMINANT
Food Processing Arsenic, Benzene, Cadmium, Copper, Carbon Tetrachloride, Dichloromethane or Methylene Chloride, Lead, Me

Tetrachloroethylene or Perchlorethylene (Perc), Toluene, 1,1,1-Trichloroethane or Methyl Chloroform, Trichloro
(Mixed Isomers)

Funeral Services/Taxidermy Glyphosate, Dichloromethane or Methylene Chloride, Nitrate, Nitrite, Total Coliforms, Viruses 
Furniture Repair/Manufacturing Barium, 1,2-Dichloroethane or Ethylene Dichloride, Dichloromethane or Methylene Chloride, Ethylbenzene, Lea

Trichloroethylene (TCE) 
Gas Stations (see also above 
ground/underground storage tanks,
motor-vehicle drainage wells)

cis 1,2-Dichloroethylene, trans 1,2-Dichloroethylene, Dichloromethane or Methylene Chloride, Tetrachloroethyle
(Perc), Trichloroethylene (TCE)

Graveyards/Cemetaries Dalapon, Lindane, Nitrate, Nitrite, Total Coliforms, Viruses.
Hardware/Lumber/Parts Stores Aluminum (Fume or Dust), Barium, Benzene, Cadmium, Chlorobenzene, Copper, Dichloromethane or Methylen

ethylhexyl)adipate, Di(2-ethylhexyl) phthlate, 1,4-Dichlorobenzene or P-Dichlorobenzene, Ethylbenzene, Lead, 
Tetrachloroethylene or Perchlorethylene (Perc), 1,1,1-Trichloroethane or Methyl Chloroform, Trichloroethylene (
(Mixed Isomers)

Historic Waste Dumps/Landfills Atrazine, Alachlor, Carbofuran, cis 1,2-Dichloroethylene, trans 1,2-Dichloroethylene, Diquat, Dalapon, Glyphosa
Methylene Chloride, Nitrate, Nitrite, Oxamyl (Vydate), Sulfate, Simazine, Tetrachloroethylene or Perchlorethylen
Trichloroethylene(TCE)

Home Manufacturing Arsenic, Barium, Benzene, Cadmium, Chlorobenzene, Copper, Carbon Tetrachloride, 1,2-Dichlorobenzene or O
1,2-Dichloroethylene, trans 1,2-Dichloroethylene, Dichloromethane or Methylene Chloride, Di(2-ethylhexyl) phth
Lead, Mercury, Selenium, Styrene, Tetrachloroethylene or Perchlorethylene (Perc), 1,1,1-Trichloroethane or Me
Trichloroethylene (TCE), Toluene, Turbidity, Xylene (Mixed Isomers)

Industrial Waste Disposal Wells (see 
UIC for more information on 
concerns, and locations)

Acrylamide, Arsenic, Atrazine, Alachlor, Aluminum (Fume or Dust), Ammonia, Barium, Benzene, Cadmium, Car
Tetrachloride, Chlorobenzene, Copper, Cyanide, 2,4-D, 1,2-Dibromoethane or Ethylene Dibromide (EDB), 1,2-D
Dichlorobenzene, 1,4-Dichlorobenzene or p-Dichlorobenzene, 1,1-Dichloroethylene or Vinylidene Chloride, cis 
Dichloromethane or Methylene Chloride, Di(2-ethylhexyl) adipate, Di(2-ethylhexyl) phthlate, 1,2-Dichloroethane 
Dioxin, Endrin, Epichlorohydrin, Hexachlorobenzene, Hexachlorocyclopentadiene, Lead, Mercury, Methoxychlo
Polychlorinated Biphenyls, Selenium, Styrene, Sulfate, Tetrachloroethylene or Perchlorethylene (Perc), Toluene
Trichlorobenzene, 1,1,1-Trichloroethane or Methyl Chloroform, Trichloroethylene (TCE), Vinyl Chloride, Xylene 
(Fume or Dust) 

Junk/Scrap/Salvage Yards Barium, Benzene, Copper, Dalapon, cis 1,2-Dichloroethylene, Diquat, Glyphosate, Lead, Polychlorinated Biphe
Trichloroethylene (TCE), Tetrachloroethylene or Perchlorethylene (Perc)

Machine Shops Arsenic, Aluminum (Fume or Dust), Barium, Benzene, Boric Acid, Cadmium, Chlorobenzene, Copper, Cyanide,
2,4-D, 1,4-Dichlorobenzene or P-Dichlorobenzene, 1,2-Dichloroethane or Ethylene Dichloride, 1,1-Dichloroethy
Chloride, cis 1,2-Dichloroethylene, trans 1,2-Dichloroethylene, Dichloromethane or Methylene Chloride, Di(2-eth
Ethylbenzene, Fluoride, Hexachlorobenzene, Lead, Mercury, Polychlorinated Biphenyls, Pentachlorophenol, Se
Tetrachloroethylene or Perchlorethylene (Perc), Toluene, 1,1,1-Trichloroethane or Methyl Chloroform, 1,1,2-Tric
Trichloroethylene (TCE), Xylene (Mixed Isomers), Zinc (Fume or Dust)

Medical/Vet Offices Arsenic, Acrylamide, Barium, Benzene, Cadmium, Copper, Cyanide, Carbon Tetrachloride, Dichloromethane or
1,2-Dichloroethane or Ethylene Dichloride, Lead, Mercury, Methoxychlor, 1,1,1-Trichloroethane or Methyl Chlor
Selenium, Silver, Tetrachloroethylene or Perchlorethylene (Perc), 2,4,5-TP (Silvex), Thallium, Xylene (Mixed Iso

Metal Plating/Finishing/Fabricating Antimony, Aluminum (Fume or Dust), Arsenic, Barium, Benzene, Cadmium, Carbon Tetrachloride, Chlorobenze
Copper, Cyanide, 1,4-Dichlorobenzene or P-Dichlorobenzene, cis 1,2-Dichloroethylene, trans 1,2-Dichloroethyle
or Methylene Chloride, Di(2-ethylhexyl) adipate, Ethylbenzene,Lead, Mercury, Polychlorinated Biphenyls, Penta
Selenium, Styrene, Sulfate, Tetrachloroethylene or Perchlorethylene (Perc), , Thallium, Toluene, 1,1,1-Trichloro
Chloroform, 1,1,2-Trichloroethane, Trichloroethylene(TCE), Vinyl Chloride, Xylene (Mixed Isomers), Zinc (Fume
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POTENTIAL SOURCE CONTAMINANT
Military Installations Arsenic, Barium, Benzene, Cadmium, Chlorobenzene, 1,2-Dichlorobenzene or O-Dichlorobenzene, 1,2-Dichloro

Dichloride, cis 1,2-Dichloroethylene, trans 1,2-Dichloroethylene, Dichloromethane or Methylene Chloride, Hexac
Mercury, Methoxychlor, 1,1,1-Trichloroethane or Methyl Chloroform, Radionuclides, Selenium, Tetrachloroethyl
Perchlorethylene (Perc), , Toluene, Trichloroethylene (TCE)

Mines/Gravel Pits Lead, Selenium, Sulfate, Tetrachloroethylene or Perchlorethylene (Perc), 1,1,1-Trichloroethane or Methyl Chlor
Motor Pools cis 1,2-Dichloroethylene, trans 1,2-Dichloroethylene, Dichloromethane or Methylene Chloride,
Motor Vehicle Waste Disposal Wells 
(gas stations, repair shops) See UIC
for more on concerns for these 
sources
http://www.epa.gov/safewater/uic/cv-
fs.html

Arsenic, Barium, Benzene, Cadmium, Chlorobenzene, Copper, cis 1,2-Dichloroethylene, trans 1,2-Dichloroethy
Dichlorobenzene or P-Dichlorobenzene, Lead, Fluoride, 1,1,1-Trichloroethane or Methyl Chloroform, Dichlorom
Chloride, Tetrachloroethylene or Perchlorethylene (Perc), Trichloroethylene (TCE), Xylene (Mixed Isomers)

Office Building/Complex Barium, Benzene, Cadmium, Copper, 2,4-D, Diazinon, 1,2-Dichlorobenzene or O-Dichlorobenzene, Dichlorome
Chloride, Diquat, 1,2-Dichloroethane or Ethylene Dichloride, Ethylbenzene, Glyphosate, Lead, Mercury, Seleniu
Tetrachloroethylene or Perchlorethylene (Perc), 1,1,1-Trichloroethane or Methyl Chloroform, Trichloroethylene (
Xylene (Mixed Isomers)

Photo Processing/Printing Acrylamide, Aluminum (Fume or Dust), Arsenic, Barium, Benzene, Cadmium, Carbon Tetrachloride, Chlorobenz
1,1-Dichloroethylene or Vinylidene Chloride, cis 1,2-Dichloroethylene, trans 1,2-Dichloroethylene, Dichlorometh
Chloride, Di(2-ethylhexyl) phthlate, 1,2-Dichlorobenzene or O-Dichlorobenzene, 1,4-Dichlorobenzene or P-Dich
Dichloroethane or Ethylene Dichloride, 1,2-Dibromoethane or Ethylene Dibromide (EDB), Heptachlor epoxide, H
Lead, Lindane, Mercury, Methoxychlor, Propylene Dichloride or 1,2-Dichloropropane, Selenium, Styrene, Tetrac
Perchlorethylene (Perc), 1,1,1-Trichloroethane or Methyl Chloroform, Toluene, 1,1,2-Trichloroethane, Trichloroe
Chloride, Xylene (Mixed Isomers), Zinc (Fume or Dust)

Synthetic / Plastics Production Antimony, Arsenic, Barium, Benzene, Cadmium, Carbon Tetrachloride, Chlorobenzene, Copper, Cyanide, 1,2-D
Dichlorobenzene, 1,4-Dichlorobenzene or P-Dichlorobenzene, 1,2-Dichloroethane or Ethylene Dichloride, cis 1,
trans 1,2-Dichloroethylene, Dichloromethane or Methylene Chloride, Di(2-ethylhexyl) adipate, Di(2-ethylhexyl) p
Hexachlorobenzene, Lead, Mercury, Methyl Chloroform or 1,1,1-Trichloroethane, Pentachlorophenol, Selenium
Tetrachloroethylene or Perchlorethylene (Perk), Toluene,, Trichloroethylene (TCE), Vinyl Chloride, Xylene (Mixe
(Fume or Dust)

RV/Mini Storage Arsenic, Barium, Cyanide, 2,4-D, Endrin, Lead, Methoxychlor
Railroad Yards/Maintenance/Fueling
Areas

Atrazine, Barium, Benzene, Cadmium, Dalapon, 1,4-Dichlorobenzene or P-Dichlorobenzene, cis 1,2-Dichloroet
Dichloroethylene, Dichloromethane or Methylene Chloride, Lead, Mercury, Tetrachloroethylene or Perchlorethy
Trichloroethylene (TCE).

Research Laboratories Arsenic, Barium, Benzene, Beryllium Powder, Cadmium, Carbon Tetrachloride, Chlorobenzene, Cyanide, 1,2-D
Ethylene Dichloride, 1,1-Dichloroethylene or Vinylidene Chloride, cis 1,2-Dichloroethylene, trans 1,2-Dichloroeth
Dichloromethane or Methylene Chloride, Endrin, Lead, Mercury, Polychlorinated Biphenyls, Selenium, Tetrachlo
Perchlorethylene (Perc), Thallium, Thiosulfates, Toluene, 1,1,1-Trichloroethane or Methyl Chloroform, Trichloro
Chloride, Xylene (Mixed Isomers)

Retail Operations Arsenic, Barium, Benzene, Cadmium, 2,4-D, 1,2-Dichloroethane or Ethylene Dichloride, Lead, Mercury, Styrene
or Perchlorethylene (Perc), Toluene, 1,1,1-Trichloroethane, Vinyl Chloride

Underground Storage Tanks Arsenic, Barium, Benzene, Cadmium, 1,4-Dichlorobenzene or P-Dichlorobenzene, cis 1,2-Dichloroethylene, tra
Dichloroethylene, Dichloromethane or Methylene Chloride, Lead, Tetrachloroethylene or Perchlorethylene (Perc
(TCE).

Wood Preserving/Treating cis 1,2-Dichloroethylene, trans 1,2-Dichloroethylene, Lead, Sulfate 
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POTENTIAL SOURCE CONTAMINANT
Wood/Pulp/Paper Processing Arsenic, Barium, Benzene, Cadmium, Carbon Tetrachloride, Copper, Dichloromethane or Methylene Chloride, D

Dichloroethane or Ethylene Dichloride, Ethylbenzene, Lead, Mercury, Polychlorinated Biphenyls, Selenium, Sty
Tetrachloroethylene or Perchlorethylene (Perc), Trichloroethylene (TCE), Toluene, 1,1,1-Trichloroethane or Met
(Mixed Isomers)

Residential / Municipal 
Airports (Maintenance/Fueling
Areas)

Arsenic, Barium, Benzene, Cadmium, Carbon Tetrachloride, cis 1,2- Dichloroethylene, Dichloromethane or Met
Ethylbenzene, Lead, Mercury, Selenium, Tetrachloroethylene or Perchlorethylene (Perc), 1,1,1-Trichloroethane
Trichloroethylene (TCE), Xylene (Mixed Isomers)

Apartments and Condominiums Atrazine, Alachlor, Coliform, Cryptosporidium, Dalapon, Diquat, Giardia Lambia, Glyphosate, Nitrate, Nitrite, 
Picloram,Sulfate,Simazine, Vinyl Chloride, Viruses 

Camp Grounds/RV Parks Benomyl, Coliform, Cryptosporidium, Diquat, Dalapon, Giardia Lambia, Glyphosate, Isopropanol, Nitrate, Nitrite
Picloram,Sulfate,Simazine, Turbidity, Vinyl Chloride, Viruses 

Cesspools - Large Capacity (see 
UIC for more information)

Atrazine, Alachlor, Carbofuran, Coliform, Cryptosporidium, Diquat, Dalapon, Giardia Lambia, Glyphosate, Nitrat
(Vydate), Picloram,Sulfate,Simazine, Vinyl Chloride, Viruses 

Drinking Water Treatment Facilities Atrazine, Benzene, Cadmium, Cyanide, Fluoride, Lead, Polychlorinated Biphenyls, Toluene, Total Trihalometha
Trichloroethane or Methyl Chloroform

Gas Pipelines cis 1,2-Dichloroethylene, trans 1,2-Dichloroethylene, Dichloromethane or Methylene Chloride, Tetrachloroethyle
(Perc), Trichloroethylene or TCE

Golf Courses and Urban Parks Arsenic, Atrazine, Benzene, Chlorobenzene, Carbofuran, 2,4-D, Diquat, Dalapon, Glyphosate, Lead, Methoxych
Picloram, Simazine, Turbidity

Housing developments Atrazine, Alachlor, Coliform, Cryptosporidium, Carbofuran, Diquat, Dalapon, Giardia Lambia, Glyphosate, Dichlo
Methylene Chloride, Nitrate, Nitrite, Picloram, Simazine, Trichloroethylene (TCE), Turbidity, Vinyl Chloride, Virus

Landfills/Dumps Arsenic, Atrazine, Alachlor, Barium, Benzene, Cadmium, Carbofuran, cis 1,2 Dichloroethylene, Diquat, Glyphos
Mercury, 1,1,1-Trichloroethane or Methyl Chloroform, Dichloromethane or Methylene Chloride, Nitrate, Nitrite, P
Simazine, Trichloroethylene (TCE)

Public Buildings (e.g., schools, town
halls, fire stations, police stations) 
and Civic Organizations

Arsenic, Acrylamide, Barium, Benzene, Beryllium Powder, Cadmium, Carbon Tetrachloride, Chlorobenzene, Cy
Dichlorobenzene or O-Dichlorobenzene, 1,4-Dichlorobenzene or P-Dichlorobenzene, Dichloromethane or Meth
ethylhexyl) phthlate, 1,2-Dichloroethane or Ethylene Dichloride, Endothall, Endrin, 1,2-Dibromoethane or Ethyle
Lead, Lindane, Mercury, Methoxychlor, Selenium, Toluene, 1,1,1-Trichloroethane or Methyl Chloroform, Trichlo
Chloride, Xylene (Mixed Isomers)

Septic Systems Atrazine, Alachlor, Carbofuran, Coliform, Cryptosporidium, Diquat, Dalapon, Giardia Lambia, Glyphosate, Nitrat
(Vydate), Picloram, Sulfate, Simazine, Vinyl Chloride, Viruses 

Sewer Lines Coliform, Cryptosporidium, Diquat, Dalapon, Giardia Lambia, Glyphosate, Nitrate, Nitrite, Oxamyl (Vydate), Picl
Vinyl Chloride, Viruses 

Stormwater infiltration 
basins/injection into wells (UIC
Class V), runoff zones

Atrazine, Alachlor, Coliform, Cryptosporidium, Carbofuran, Chlorine, Diquat, Dalapon, Giardia Lambia, Glyphos
or Methylene Chloride, Nitrate, Nitrite, Nitrosamine, Oxamyl (Vydate), Phosphates, Picloram, Simazine, Trichlor
Turbidity, Vinyl Chloride, Viruses

Transportation Corridors (e.g.,
Roads, railroads)

Dalapon, Picloram, Simazine, Sodium, Sodium Chloride, Turbidity

Utility Stations Arsenic, Barium, Benzene, Cadmium, Chlorobenzene, Cyanide, 2,4-D, 1,4-Dichlorobenzene or P-Dichlorobenze
Dichloroethane or Ethylene Dichloride, cis 1,2-Dichloroethylene, trans 1,2-Dichloroethylene, Dichloromethane o
Lead, Mercury, Picloram, Toluene, 1,1,2,2- Tetrachloroethane, Tetrachloroethylene or Perchlorethylene (Perc), 
(TCE), Xylene (Mixed Isomers) 

Waste Transfer /Recycling Coliform, Cryptosporidium, Giardia Lambia, Nitrate, Nitrite, Vinyl Chloride, Viruses 
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POTENTIAL SOURCE CONTAMINANT
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Wastewater Treatment
Facilities/Discharge locations (incl.
land disposal and underground
injection of sludge)

Cadmium, Coliform, Cryptosporidium, cis 1,2-Dichloroethylene, trans 1,2-Dichloroethylene, Dichloromethane or
Fluoride, Giardia Lambia, Lead, Mercury, Nitrate, Nitrite, Tetrachloroethylene or Perchlorethylene (Perc) Seleniu
sulfate,Trichloroethylene (TCE), Vinyl Chloride, Viruses

Agricultural / Rural 
Auction Lots/Boarding Stables Coliform, Cryptosporidium, Giardia Lambia, Nitrate, Nitrite,Sulfate,Viruses 
Animal Feeding Operations/
Confined Animal Feeding 
Operations

Coliform, Cryptosporidium, Giardia Lambia, Nitrate, Nitrite, Sulfate, Turbidity, Viruses

Bird Rookeries/Wildlife feeding 
/migration zones 

Coliform, Cryptosporidium, Giardia Lambia, Nitrate , Nitrite , Sulfate, Turbidity, Viruses

Crops - Irrigated + Non-irrigated Benzene, 2,4-D, Dalapon, Dinoseb, Diquat, Glyphosate, Lindane, Lead, Nitrate, Nitrite , Picloram, Simazine, Tu
Dairy operations Coliform, Cryptosporidium, Giardia Lambia, Nitrate , Nitrite,Sulfate,Turbidity, Viruses
Drainage Wells, Lagoons and Liquid
Waste Disposal - Agricultural

Atrazine, Alachlor, Coliform, Cryptosporidium, Carbofuran, Diquat, Dalapon, Giardia Lambia, Glyphosate, Nitrat
(Vydate), Picloram,Sulfate,Simazine, Vinyl Chloride, Viruses

Managed Forests/Grass Lands Atrazine, Diquat, Glyphosate, Picloram, Simazine, Turbidity
Pesticide/Fertilizer Storage Facilities Atrazine, Alachlor, Carbofuran, Chlordane, 2,4-D, Diquat, Dalapon, 1,2-Dibromo-3-Chloropropane or DBCP, Gly

Nitrite, Oxamyl (Vydate), Picloram, Simazine, 2,4,5-TP (Silvex) 
Rangeland/Grazing lands Coliform, Cryptosporidium, Giardia Lambia, Nitrate, Nitrite, Sulfate, Turbidity, Viruses
Residential Wastewater lagoons Atrazine, Alachlor, Carbofuran, Coliform, Cryptosporidium, Diquat, Dalapon, Giardia Lambia, Glyphosate, Nitrat

(Vydate), Picloram,Sulfate,Simazine, Vinyl Chloride, Viruses 
Rural Homesteads Atrazine, Alachlor, Carbofuran, Coliform, Cryptosporidium, cis 1,2-Dichloroethylene, trans 1,2-Dichloroethylene,

Giardia Lambia, Glyphosate, Nitrate, Nitrite,Oxamyl (Vydate), Picloram, Sulfate, Simazine, Vinyl Chloride, Virus
MISCELLANEOUS SOURCES 
Abandoned drinking water wells
(conduits for contamination)

Atrazine, Alachlor, Coliform, Cryptosporidium, Carbofuran, Diquat, Dalapon, Giardia Lambia, Glyphosate, Dichlo
Methylene Chloride, Nitrate, Nitrite, Oxamyl (Vydate), Picloram, Simazine, Trichloroethylene (TCE), Turbidity, V

Naturally Occurring Arsenic, Asbestos, Barium, Cadmium, Chromium, Coliform, Copper, Cryptosporidium, Fluoride, Giardia Lambia
Manganese, Mercury, Nitrate, Nitrite, Radionuclides, Selenium, Silver, Sulfate, Viruses, Zinc (Fume or Dust) 

Underground Injection Control (UIC)
Wells  CLASS I - deep injection of 
hazardous and non-hazardous
wastes into aquifers separated from
underground sources of drinking 
water

see UIC (link: http://www.epa.gov/safewater/types)

UIC Wells CLASS II deep injection 
wells of fluids associated with oil/gas 
production (for more detailed list of 
sites click here)

see UIC 

UIC Wells CLASS III re-injection of 
water/steam into mineral formations
for mineral extraction

see UIC 

UIC Wells CLASS IV - officially
banned. Inject hazardous or 
radioactive waste into or above 
underground sources of drinking 

see UIC 
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POTENTIAL SOURCE CONTAMINANT
water
UIC Wells Class V (SHALLOW
INJECTION WELLS). Click here for
more information on sources of UIC
Class V wells

see UIC 

Source: US Environmental Protection Agency (http://www.epa.gov/safewater/swp/sources1.html)
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Annex 8: Potential Drinking Water Contaminant Index

(Contaminants, Maximum Allowable Contents and Potential Sources) 

Contaminant Name MCL 1 
(mg/L)

MCLG2 (if 
applicable)
(mg/L)

Potential Source(s)

PRIMARY DRINKING WATER CONTAMINANTS*

Inorganic Contaminants 
Antimony 0.006 0.006 Commercial / Industrial Electrical / Electronic Manufacturing, Fire Retardents, Metal 

Petroleum Processing, Synthetics / Plastics Production 

Arsenic 0.05 None Commercial / Industrial Automobile Body Shops / Repair Shops, Chemical / Petroleu
Demolition, Electrical / Electronic Manufacturing, Fleet / Truc
Processing, Home Manufacturing, Machine Shops, Medical /
Finishing / Fabricating, Military Installations, Photo Processin
Retail Operations, Wood / Pulp / Paper Processing

Residential / Municipal Airports (Maintenance / Fueling Areas), Golf Courses and Pa
Buildings and Civic Organizations, Schools, Utility Stations

Agricultural/Rural Orchards, Hebicides, Erosion of Natural Deposits 
Asbestos 7 million 

fibers per 
Liter

7 million fibers
per Liter 

Commercial / Industrial Construction / Demolition, Erosion of natural deposits

Barium 2 2 Commercial / Industrial Automobile Body Shops / Repair Shops, Cement / Concrete 
Processing, Dry Goods Manufacturing, Electrical / Electronic
Bus Terminals, Furniture Repair / Manufacturing, Hardware /
Manufacturing, Junk / Scrap / Salvage Yards, Machine Shop
Medical / Vet Offices, Metal Plating / Finishing / Fabricating, 
Processing / Printing, Railroad Yards / Maintenance / Fueling
Retail Operations, Synthetics / Plastics Production, Undergro
Paper Processing 

Residential / Municipal Airports (Maintenance / Fueling Areas), Landfills / Dumps, P
Organizations, RV / Mini Storage, Utility Stations, Erosion of

Beryllium Powder 0.004 0.004 Commercial / Industrial Research Laboratories, Metal Plating/Finishing/Fabricating, 
Electrical/Electronic Manufacturing, Aerospace and Defense
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Contaminant Name MCL 1 
(mg/L)

MCLG2 (if 
applicable)
(mg/L)

Potential Source(s)

Residential / Municipal Public Buildings and Civic Organizations, Schools 
Cadmium 0.005 0.005 Commercial / Industrial Automobile Body Shops / Repair Shops, Boat Repair / Refin

Processing, Construction / Demolition, Drinking Water Treat
Electrical / Electronic Manufacturing, Fleet / Trucking / Bus T
Hardware / Lumber / Parts Stores, Home Manufacturing, Ma
Finishing / Fabricating, Military Installations, Office Building /
Printing, Medical / Vet Offices, Railroad Yards / Maintenance
Laboratories, Retail Operations, Synthetics / Plastics Produc
Wood / Pulp / Paper Processing 

Residential / Municipal Airports (Maintenance / Fueling Areas), Landfills / Dumps, P
Organizations, Schools, Utility Stations, Wastewater

Chromium 0.1 0.1 Commercial / Industrial Metal Plating / Finishing / Fabricating, Erosion of natural dep
Copper TT3 1.3 Commercial / Industrial Automobile Body Shops / Repair Shops, Chemical / Petroleu

Demolition, Dry Goods Manufacturing, Electrical / Electronic 
Hardware / Lumber / Parts Stores, Home Manufacturing, Jun
Shops, Medical / Vet Offices, Metal Plating / Finishing / Fabr
Photo Processing / Printing, Synthetics / Plastics Producers,
Pulp / Paper Processing , Erosion of natural deposits

Cyanide 0.2 0.2 Commercial / Industrial Chemical / Petroleum Processing, Construction / Demolition
Manufacturing, Fertilizer Factories, Fleet / Trucking / Bus Te
Vet Offices, Metal Plating / Finishing / Fabricating, Photo Pro
Laboratories, Synthetics / Plastics Producers 

Residential / Municipal Waste Water Treatment, Public Buildings and Civic Organiza
Utility Stations 

Fluoride 4 4 Commercial / Industrial  Construction / Demolition, Fertilizer Factories, Aluminum Fa
Residential/Municipal Drinking Water Treatment additive, Erosion natural deposits

Lead TT 0.015 Commercial / Industrial Automobile Body Shops / Repair Shops, Boat Repair / Refin
Chemical / Petroleum Processing, Construction / Demolition
Electrical / Electronic Manufacturing, Fleet / Trucking / Bus T
Furniture Repair / Manufacturing, Hardware / Lumber / Parts
Scrap / Salvage Yards, Machine Shops, Medical / Vet Office
Fabricating, Military Installations, Mines / Gravel Pits, Office 
Processing / Printing, Railroad Yards / Maintenance / Fueling
Retail Operations, Synthetics / Plastics Producers, Undergro
Distribution Activities, Wood Preserving / Treating, Wood / P
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Contaminant Name MCL 1 
(mg/L)

MCLG2 (if 
applicable)
(mg/L)

Potential Source(s)

Residential / Municipal Airports (Maintenance / Fueling Areas), Drinking Water Pipe
Landfills / Dumps, Public Buildings and Civic Organizations, 
Wastewater, Erosion of natural deposits

Inorganic Mercury 0.002 0.002 Commercial / Industrial Automobile Body Shops / Repair Shops, Boat Repair / Refin
Processing, Electrical / Electronic Manufacturing, Fleet / Tru
Processing, Furniture Repair / Manufacturing, Hardware / Lu
Manufacturing, Machine Shops, Office Building / Complex, P
Vet Offices, Metal Plating / Finishing / Fabricating, Military In
Maintenance / Fueling Areas, Research Laboratories, Retail
Producers, Wood / Pulp / Paper Processing

Residential / Municipal Airports (Maintenance / Fueling Areas), Landfills / Dumps, P
Organizations, RV / Mini Storage, Schools, Utility Stations, W

Agricultural / Rural Crops - Irrigated + Non irrigated, Erosion of Natural Deposits
Nitrate 10 10 Commercial / Industrial Boat Repair / Refinishing, Historic Waste Dumps / Landfills 

Residential / Municipal Apartments and Condominiums, Camp Grounds / RV Parks,
Landfills / Dumps, Septic Systems Waste Transfer / Recyclin

Agricultural / Rural Auction Lots / Boarding Stables, Confined Animal Feeding O
irrigated, Lagoons and Liquid Waste, Pesticide / Fertilizer / P
Homesteads , Erosion of Natural Deposits

Nitrite 1 1 Commercial / Industrial Boat Repair / Refinishing, Historic Waste Dumps / Landfills 
Residential / Municipal Apartments and Condominiums, Camp Grounds / RV Parks,

Landfills / Dumps, Septic Systems, Waste Transfer / Recycli

Agricultural / Rural Auction Lots / Boarding Stables, Confined Animal Feeding O
Waste, Pesticide / Fertilizer / Petroleum Storage Sites, Rura
Non irrigated, Erosion of Natural Deposits

Selenium Commercial / Industrial Chemical / Petroleum Processing, Construction / Demolition
Manufacturing, Fleet / Trucking / Bus Terminals, Furniture R
Manufacturing, Machine Shops, Medical / Vet Offices, Metal
Military Installations, Mines / Gravel Pits, Office Building / Co
Research Laboratories, Synthetics / Plastics Producers, Woo
Erosion of Natural Deposits 

Residential / Municipal Airports (Maintenance / Fueling Areas), Landfills / Dumps, P
Organizations, Schools, Wastewater

Thallium 0.002 0.0005 Commercial / Industrial Electrical / Electronic Manufacturing, Medical / Vet Offices, M
Research Laboratories

Organic Contaminants
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Contaminant Name MCL 1 
(mg/L)

MCLG2 (if 
applicable)
(mg/L)

Potential Source(s)

Acrylamide TT zero Residential/Municipal Drinking Water and Waste Water Treatment
Alachlor 0.002 zero Commercial / Industrial Chemical / Petroleum Processing, Historic Waste Dumps / L

Residential / Municipal Apartments and Condominiums, Housing, Injection Wells, La
Wells

Agricultural / Rural Injection Wells, Lagoons and Liquid Waste, Pesticide / Fertil
Homesteads

Atrazine 0.003 0.003 Commercial / Industrial Chemical / Petroleum Processing, Funeral Services / Gravey
Landfills, Injection Wells, Office Building / Complex, Railroad

Residential / Municipal Apartments and Condominiums, Some Surface Water Drinki
and Parks, Housing, Injection Wells, Landfills / Dumps, Scho
Wells

Agricultural / Rural Injection Wells, Lagoons and Liquid Waste, Managed Forest
Storage Sites, Rural Homesteads

Benzene 0.005 zero Commercial / Industrial Automobile Body Shops / Repair Shops, Boat Repair / Refin
Chemical / Petroleum Processing, Construction / Demolition
Electrical / Electronic Manufacturing, Fleet / Trucking / Bus T
Hardware / Lumber / Parts Stores, Home Manufacturing, Jun
Shops, Medical / Vet Offices, Metal Plating / Finishing / Fabr
Building / Complex, Photo Processing / Printing, Railroad Ya
Research Laboratories, Retail Operations, Synthetic / Plastic
Producers, Underground Storage Tanks, Wholesale Distribu
Processing

Residential / Municipal Airports (Maintenance / Fueling Areas), Drinking Water Trea
Landfills / Dumps, Public Buildings and Civic Organizations, 

Agricultural / Rural Crops - Irrigated + Non irrigated 
Benzo(a)pyrene 0.0002 zero Commercial / Industrial Fleet / Trucking / Bus Terminals 

Carbofuran 0.04 0.04 Commercial / Industrial Chemical / Petroleum Processing, Historic Waste Dumps / L
Residential / Municipal Golf Courses and Parks, Housing, Injection Wells, Landfills /
Agricultural / Rural Injection Wells, Lagoons and Liquid Waste, Pesticide / Fertil

Homesteads, Rice and Alfalfa Fields

Carbon Tetrachloride 0.005 zero Commercial / Industrial Chemical / Petroleum Processing, Electrical / Electronic Man
Terminals, Food Processing, Home Manufacturing, Machine
Plating / Finishing / Fabricating, Photo Processing / Printing,
Plastics Producers, Wood / Pulp / Paper Processing 

Residential / Municipal Airports (Maintenance / Fueling Areas), Public Buildings and
Chlordane 0.002 zero Agricultural / Rural Pesticide / Fertilizer / Petroleum Storage Sites 

Guideline for Groundwater Vulnerability Mapping.doc Page  158 



Technical Cooperation Project Management, Protection and Sustainable Use of Groundwater and Soil Resources in the A
Guideline for Groundwater Vulnerability Mapping and Risk Assessment for the Susceptibility of Groundwater Resources to

Contaminant Name MCL 1 
(mg/L)

MCLG2 (if 
applicable)
(mg/L)

Potential Source(s)

Chlorobenzene 0.1 0.1 Commercial / Industrial Automobile Body Shops / Repair Shops, Chemical / Petroleu
Manufacturing, Fleet / Trucking / Bus Terminals, Hardware / 
Manufacturing, Machine Shops, Metal Plating / Finishing / Fa
Photo Processing / Printing, Research Laboratories, Synthet

Residential / Municipal Golf Courses and Parks, Public Buildings and Civic Organiza
2,4-D 0.07 0.07 Commercial / Industrial Chemical / Petroleum Processing, Fleet / Trucking / Bus Ter

Operations, Office Building / Complex 

Agricultural / Rural Crops - Irrigated + Non irrigated, Pesticide / Fertilizer / Petro
Residential / Municipal Golf Courses and Parks, Public Buildings and Civic Organiza

Utility Stations 

Dalapon 0.2 0.2 Commercial / Industrial Historic Waste Dumps / Landfills, Injection Wells, Junk / Scra
Residential / Municipal Apartments and Condominiums, Camp Grounds / RV Parks,

Systems, Transportation Corridors, Utility Stations, Wells, Go

Agricultural / Rural Crops - Irrigated + Non irrigated, Injection Wells, Lagoons an
/ Petroleum Storage Sites, Rural Homesteads

Di(2-ethylhexyl) adipate 0.4 0.4 Commercial / Industrial Chemical / Petroleum Processing, Hardware / Lumber / Part
Fabricating, Synthetics / Plastics Producers

Di(2-ethylhexyl) phthalate 0.006 zero Commercial / Industrial Chemical / Petroleum Processing, Dry Goods Manufacturing
Manufacturing, Fleet / Trucking / Bus Terminals, Hardware / 
Manufacturing, Machine Shops, Photo Processing / Printing,

Residential / Municipal Public Buildings and Civic Organizations
Dibromochloropropane 0.0002 zero Agricultural / Rural Pesticide / Fertilizer / Petroleum Storage Sites; Soybeans, C

1,2-Dibromoethane or 
Ethylene Dibromide (EDB)

0.00005 zero Commercial / Industrial Chemical / Petroleum Processing, Photo Processing / Printin

Residential / Municipal Public Buildings and Civic Organizations
1,4-Dichlorobenzene or 
P-Dichlorobenzene

0.075 0.075 Commercial / Industrial Automobile Body Shops / Repair Shops, Chemical / Petroleu
Terminals, Hardware / Lumber / Parts Stores, Machine Shop
Fabricating, Photo Processing / Printing, Railroad Yards / Ma
Synthetics / Plastics Producers, Underground Storage Tanks

Guideline for Groundwater Vulnerability Mapping.doc Page  159 



Technical Cooperation Project Management, Protection and Sustainable Use of Groundwater and Soil Resources in the A
Guideline for Groundwater Vulnerability Mapping and Risk Assessment for the Susceptibility of Groundwater Resources to

Contaminant Name MCL 1 
(mg/L)

MCLG2 (if 
applicable)
(mg/L)

Potential Source(s)

Residential / Municipal Public Buildings and Civic Organizations, Schools Utility Sta
Commercial / Industrial1,2-Dichlorobenzene or O-

Dichlorobenzene
0.6 0.6 Chemical / Petroleum Processing, Electrical / Electronic Man

Terminals, Home Manufacturing, Military Installations, Photo
Plastics Production, Office Building / Complex 

Commercial / Industrial1,2-Dichloroethane or 
Ethylene Dichloride

0.005 zero Chemical / Petroleum Processing, Electrical / Electronic Man
Terminals, Furniture Repair / Manufacturing, Machine Shops
Installations, Office Building / Complex, Photo Processing / P
Production, Research Laboratories, Retail Operations

Residential / Municipal Public Buildings and Civic Organizations, Schools, Wood / P
Stations

Residential / Municipal Public Buildings and Civic Organizations, Schools 
Chemical / Petroleum Processing, Machine Shops,Commercial / Industrial1,1-Dichloroethylene or 

Vinylidene Chloride
0.007 0.007

Photo Processing / Printing, Research Laboratories
Commercial / Industrialcis 1,2 - Dichloroethylene 0.07 0.07 Automobile Body Shops / Repair Shops, Chemical / Petroleu

Demolition, Electrical / Electronic Manufacturing, Fleet / Truc
Historic Waste Dumps / Landfills, Home Manufacturing, Injec
Yards, Machine Shops, Metal Plating / Finishing / Fabricating
Photo Processing / Printing, Synthetic / Plastics Production, 
Laboratories, Wood Preserving / Treating

Residential / Municipal Airports (Maintenance / Fueling Areas), Injection Wells, Land
Wastewater

Agricultural / Rural Injection Wells, Rural Homesteads 
trans 1,2 -
Dichloroethylene

Commercial / Industrial Automobile Body Shops / Repair Shops, Chemical / Petroleu
Demolition, Electrical / Electronic Manufacturing, Fleet / Truc
Historic Waste Dumps / Landfills, Home Manufacturing, Injec
Yards, Machine Shops, Metal Plating / Finishing / Fabricating
Photo Processing / Printing, Synthetic / Plastics Production, 
Laboratories, Wood Preserving / Treating

Residential / Municipal Airports (Maintenance / Fueling Areas), Injection Wells, Land
Wastewater

Agricultural / Rural Injection Wells 
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Contaminant Name MCL 1 
(mg/L)

MCLG2 (if 
applicable)
(mg/L)

Potential Source(s)

Dichloromethane or 
Methylene Chloride

0.005 Commercial / Industrialzero Automobile Body Shops / Repair Shops, Cement / Concrete
Processing, Construction / Demolition, Dry Goods Manufactu
Manufacturing, Funeral Services / Graveyards, Fleet / Truck
Processing, Gas Stations, Hardware / Lumber / Parts Stores
Shops, Medical / Vet Offices, Metal Plating / Finishing / Fabr
Pools, Office Building / Complex, Photo Processing / Printing
Fueling Areas, Research Laboratories, Synthetics / Plastics 
Processing

Residential / Municipal Airports (Maintenance / Fueling Areas), Public Buildings and
Agricultural / RuralDinoseb 0.007 0.007 Crops - Irrigated + Non irrigated, Soybeans and vegetables 

Dioxin 3E-08 zero Commercial / Industrial Chemical / Petroleum Processing, Wood / Pulp / Paper Proc
Commercial / IndustrialDiquat 0.02 0.02 Funeral Services / Graveyards, Historic Waste Dumps / Land

Injection Wells, Office Building / Complex

Residential / Municipal Apartments and Condominiums, Housing, Injection Wells, La
Systems, Wells, Camp Grounds / RV Parks, Golf Courses an

Agricultural / Rural Crops - Irrigated + Non irrigated, Injection Wells, Lagoons an
Pesticide / Fertilizer / Petroleum Storage Sites, Rural Homes

Residential / MunicipalEndothall 0.1 0.1 Injection Wells, Public Buildings and Civic Organizations, Sc
Endrin 0.002 0.002 Commercial / Industrial

Residential / Municipal Public Buildings and Civic Organizations, RV / Mini Storage,
Ethylbenzene 0.7 0.7 Cement / Concrete Plants, Chemical / Petroleum Processing

Manufacturing, Furniture Repair / Manufacturing, Hardware /
Manufacturing, Machine Shops, Metal Plating / Finishing / Fa
Synthetics / Plastics Producers, Wood / Pulp / Paper Proces

Residential / Municipal Airports (Maintenance / Fueling Areas)
Glyphosate 0.7 Commercial / Industrial Funeral Services / Graveyards, Historic Waste Dumps / Land

Salvage Yards, Office Building / Complex 

Residential / Municipal

Agricultural / Rural Crops - Irrigated + Non irrigated, Injection Wells, Lagoons an
Pesticide / Fertilizer / Petroleum Storage Sites, Rural Homes

0.0004Heptachlor (and Epoxide) zero Fleet / Trucking / Bus Terminals, Photo Processing / Printing

Chemical / Petroleum Processing, Research Laboratories

Commercial / Industrial

0.7

Apartments and Condominiums, Camp Grounds / RV Parks,
Injection Wells, Landfills / Dumps, Schools, Septic Systems, 

Commercial / Industrial
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Contaminant Name MCL 1 
(mg/L)

MCLG2 (if 
applicable)
(mg/L)

Potential Source(s)

-0.0002
Residential / Municipal Wells

Hexachlorobenzene 0.001 zero Commercial / Industrial Chemical / Petroleum Processing, Machine Shops, Military I
Printing, Synthetics / Plastics Producers

Hexachlorocyclopentadiene 0.05 0.05 Commercial / Industrial Chemical / Petroleum Processing 

Lindane 0.0002 0.0002 Commercial / Industrial Construction / Demolition, Fleet / Trucking / Bus Terminals, P
Residential / Municipal Landfills / Dumps, Public Buildings and Civic Organizations
Agricultural / Rural Crops - Irrigated + Non irrigated 

Methoxychlor 0.04 0.04 Commercial / Industrial Chemical / Petroleum Processing, Fleet / Trucking / Bus Ter
Installations, Photo Processing / Printing 

Residential / Municipal Golf Courses and Parks, Public Buildings and Civic Organiza
Oxamyl (Vydate) 0.2 0.2 Commercial / Industrial Chemical / Petroleum Processing, Historic Waste Dumps / L

Residential / Municipal Apartments and Condominiums, Housing, Injection Wells, La
Wells

Agricultural / Rural Injection Wells, Lagoons and Liquid Waste, Pesticide / Fertil
Homesteads , apple, potato, and tomato farming 

Pentachlorophenol 0.001 zero Commercial / Industrial Fleet / Trucking / Bus Terminals, Food Processing, Machine 
Fabricating, Synthetics / Plastics Producers

Picloram 0.5 0.5 Commercial / Industrial Historic Waste Dumps / Landfills, Injection Wells 
Residential / Municipal Apartments and Condominiums, Camp Grounds / RV Parks,

Injection Wells, Landfills / Dumps, Septic Systems, Transpor
Wells

Agricultural / Rural Crops - Irrigated + Non irrigated, Injection Wells, Lagoons an
Pesticide / Fertilizer / Petroleum Storage Sites, Rural Homes

Polychlorinated Biphenyls 0.0005 zero Commercial / Industrial Chemical / Petroleum Processing, Dry Goods Manufacturing
Manufacturing, Junk / Scrap / Salvage Yards, Machine Shop
Fabricating, Research Laboratories, Wood / Pulp / Paper Pro

Residential / Municipal Drinking Water Treatment
Propylene Dichloride or
1,2-Dichloropropane

0.005 zero Commercial / Industrial Fleet / Trucking / Bus Terminals, Photo Processing / Printing
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Contaminant Name MCL 1 
(mg/L)

MCLG2 (if 
applicable)
(mg/L)

Potential Source(s)

Simazine 0.004 0.004 Commercial / Industrial Historic Waste Dumps / Landfills, Injection Wells, Junk / Scra
Complex

Residential / Municipal Apartments and Condominiums, Camp Grounds / RV Parks,
Injection Wells, Landfills / Dumps, Septic Systems, Transpor
Wells

Agricultural / Rural Crops - Irrigated + Non irrigated, Lagoons and Liquid Waste
Fertilizer / Petroleum Storage Sites, Rural Homesteads

Styrene 0.1 0.1 Commercial / Industrial Cement / Concrete Plants, Chemical / Petroleum Processing
Manufacturing, Fleet / Trucking / Bus Terminals, Home Manu
Plating / Finishing / Fabricating, Photo Processing / Printing,
Plastics Producers, Wholesale Distribution Activities, Wood /

Tetrachloroethylene or 
Perchlorethylene (Perc)

0.005 zero Commercial / Industrial Automobile Body Shops / Repair Shops, Cement / Concrete
Processing, Construction / Demolition, Drinking Water Treat
Dry Goods Manufacturing, Electrical / Electronic Manufactur
Food Processing, Gas Stations, Hardware / Lumber / Parts S
Landfills, Home Manufacturing, Injection Wells, Junk / Scrap
Medical / Vet Offices, Metal Plating / Finishing / Fabricating, 
Pits, Motor Pools, Office Building / Complex, Photo Processi
Maintenance / Fueling Areas, Research Laboratories, Retail
Producers, Wood / Pulp / Paper Processing

Residential / Municipal Airports (Maintenance / Fueling Areas), Injection Wells, Pub
Schools, Utility Stations, Wastewater

Toluene 1 1 Commercial / Industrial Cement / Concrete Plants, Chemical / Petroleum Processing
Goods Manufacturing, Electrical / Electronic Manufacturing, 
Food Processing, Hardware / Lumber / Parts Stores, Home 
Medical / Vet Offices, Metal Plating / Finishing / Fabricating, 
Laboratories, Synthetics / Plastics Producers, Retail Operati
Photo Processing / Printing, Wood / Pulp / Paper Processing

Residential / Municipal Public Buildings and Civic Organizations, Schools, Utility Sta
Total Trihalomethanes 0.1 None Residential / Municipal Drinking Water Treatment

Toxaphene 0.003 zero Commercial / Industrial Fleet / Trucking / Bus Terminals 
2,4,5-TP (Silvex) 0.05 0.05 Commercial / Industrial Medical / Vet Offices

Agricultural / Rural Pesticide / Fertilizer / Petroleum Storage Sites 
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Contaminant Name MCL 1 
(mg/L)

MCLG2 (if 
applicable)
(mg/L)

Potential Source(s)

1,2,4-Trichlorobenzene 0.07 0.07 Commercial / Industrial Chemical / Petroleum Processing 

1,1,2-Trichloroethane 0.005 0.003 Commercial / Industrial Dry Cleaners / Dry Cleaning, Electrical / Electronic Manufact
/ Finishing / Fabricating, Photo Processing / Printing

1,1,1-Trichloroethane or 
Methyl Chloroform

0.2 0.2 Commercial / 
Industrial

Body Shops/Repair Shops, Chemical / Petroleum Processin
Goods Manufacturing, Electrical / Electronic Manufacturing, 
Food Processing, Hardware / Lumber / Parts Stores, Home 
Medical / Vet Offices, Metal Plating / Finishing / Fabricating, 
Pits, Office Building / Complex, Photo Processing / Printing, 
Operations, Wholesale Distribution Activities, Wood / Pulp / 

Residential / Municipal Airports (Maintenance / Fueling Areas), Construction / Demo
Treatment, Landfills / Dumps, Naturally Occurring, Public Bu
Schools

Trichloroethylene or TCE 0.005 zero Commercial / Industrial Automobile Body Shops / Repair Shops, Chemical / Petroleu
Manufacturing, Electrical / Electronic Manufacturing, Fleet / T
Processing, Furniture Repair / Manufacturing, Hardware / Lu
Dumps / Landfills, Home Manufacturing, Injection Wells, Jun
Shops, Metal Plating / Finishing / Fabricating, Military Installa
Complex, Photo Processing / Printing, Railroad Yards / Main
Laboratories, Synthetics / Plastics Producers, Underground 
Processing

Residential / Municipal Airports (Maintenance / Fueling Areas), Injection Wells, Pub
Schools, Utility Stations 

Vinyl Chloride 0.002 zero Commercial / Industrial Boat Repair / Refinishing, Chemical / Petroleum Processing,
Manufacturing, Metal Plating / Finishing / Fabricating, Office 
Processing / Printing, Fleet / Trucking / Bus Terminals, Rese
Operations, Synthetic / Plastics Production

Residential / Municipal Apartments and Condominiums, Camp Grounds / RV Parks 
Organizations, Septic Systems, Waste Transfer / Recycling W

Agricultural / Rural Confined Animal Feeding Operations Lagoons and Liquid W
Automobile Body Shops / Repair Shops, Cement / Concrete
Processing,

Xylene (Mixed Isomers) 10 10 Commercial / Industrial
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Contaminant Name MCL 1 
(mg/L)

MCLG2 (if 
applicable)
(mg/L)

Potential Source(s)

Construction / Demolition, Dry Goods Manufacturing, Electric
Trucking / Bus Terminals, Food Processing, Hardware / Lum
Manufacturing, Machine Shops, Medical / Vet Offices, Metal
Office Building / Complex, Photo Processing / Printing, Rese
Plastics Production, Wood / Pulp / Paper Processing 

Residential / Municipal Airports (Maintenance / Fueling Areas), Public Buildings and
Stations,

Micro-Organisms
Coliform 5.0%4 Zero Commercial / Industrial Boat Repair / Refinishing

Residential / Municipal Apartments and Condominiums, Camp Grounds / RV Parks,
Transfer / Recycling, Wastewater

Agricultural / Rural Auction Lots / Boarding Stables, Confined Animal Feeding O
Waste, Rural Homesteads

Cryptosporidium Commercial / Industrial Boat Repair / Refinishing

Residential / Municipal Apartments and Condominiums, Camp Grounds / RV Parks,
Transfer / Recycling, Wastewater

Agricultural / Rural Auction Lots / Boarding Stables, Confined Animal Feeding O
Liquid Waste Dsiposal Sites, Rural Homesteads, Wildlife fee

Giardia Lambia Commercial / Industrial Boat Repair / Refinishing
Residential / Municipal Apartments and Condominiums, Camp Grounds / RV Parks,

Transfer / Recycling, Wastewater

Agricultural / Rural Auction Lots / Boarding Stables, Confined Animal Feeding O
Waste, Rural Homesteads,

Legionella zero TT All Surface Water 
Viruses TT N/A Commercial / Industrial Waste Water

Residential / Municipal Apartments and Condominiums, Camp Grounds / RV Parks,
Transfer / Recycling, Wastewater

Agricultural / Rural Auction Lots / Boarding Stables, Confined Animal Feeding O
Lagoons and Liquid Waste,  Rural Homesteads, Wildlife mig

Turbidity TT N/A Commercial / Industrial Construction / Demolition, Home Manufacturing, Mines / Gra
Residential / Municipal Camp Grounds / RV Parks, Golf Courses and Parks, Housin

Stormwater discharge sites, Transportation Corridors

Agricultural / Rural Crops - Irrigated + Non irrigated, Managed Forests, Animal g
feedlots,  Dairies
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Contaminant Name MCL 1 
(mg/L)

MCLG2 (if 
applicable)
(mg/L)

Potential Source(s)

Radionuclides
Beta particles and photon 
emitters*

Beta: 4 
millirems
per year; 

none Commercial / Industrial Medical / Vet Offices, Military Installations, Naturally Occurri

Gross Alpha particle
activity

15 pCi/L 
per year; 

none same as above same as above 

Radium 226 & Radium 228 
(combined)

5 pCi/L 
per year 

none same as above same as above 

SECONDARY DRINKING WATER CONTAMINANTS

Contaminant Name MCL
(mg/L)

MCLG2 (if
applicable)
(mg/L)

Potential Source(s)

Aluminum (Fume or Dust)  0.05 to 0.2 Commercial / Industrial Chemical / Petroleum Processing, Electrical / Electronic Man
Parts Stores, Machine Shops, Metal Plating / Finishing / Fab

Chloride  250 Commercial / Industrial Construction / Demolition
Iron  0.3 Commercial / Industrial Historic Waste Dumps / Landfills, Junk / Scrap / Salvage Ya

Residential / Municipal Naturally Occurring
Agricultural / Rural Naturally Occurring

Manganese  0.05 Commercial / Industrial Historic Waste Dumps / Landfills, Junk / Scrap / Salvage Ya
Residential / Municipal Naturally Occurring

Silver  0.1 Commercial / Industrial Medical / Vet Offices, Naturally Occurring
Residential / Municipal Naturally Occurring
Agricultural / Rural Naturally Occurring

Sulfate 250 Commercial / Industrial Chemical / Petroleum Processing, Electrical / Electronic Man
Landfills, Metal Plating / Finishing / Fabricating, Mines / Grav
Injection Wells, Junk / Scrap / Salvage Yards

Residential / Municipal Apartments and Condominiums, Camp Grounds / RV Parks,
Wastewater, Wells, Naturally Occuring

Agricultural / Rural Auction Lots / Boarding Stables, Confined Animal Feeding O
and Liquid Waste, Rural Homesteads, Naturally Occuring
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Contaminant Name MCL 1 
(mg/L)

MCLG2 (if 
applicable)
(mg/L)

Potential Source(s)

Total Dissolved Solids 500

Zinc (Fume or Dust)  5 Commercial / Industrial Chemical / Petroleum Processing, Construction / Demolition
Manufacturing, Machine Shops, Metal Plating / Finishing / Fa
Printing, Synthetic / Plastics Production

Notes:

1MCL - Maximum Contaminant Level; the maximum permissable level of a contaminant in water which is delivered to any user of a public water system
standards.  Listed in Milligrams per Liter (Mg/L) unless otherwise noted.

2MCLG – Maximum Contaminant Level Goal; the maximum level of a contaminant in drinking water at which no known or anticipated adverse effect on 
and which allows for an adequate margin of safety.  MCLGs are non-enforceable public health goals.  Listed in Milligrams per Liter (Mg/L) unless otherw

3TT- Treatment Technique

4 No more than 5.0% of samples should detect total coliforms in one month. Every system that detects total coliform must be analyzed for fecal coliform

Source: US Environmental Protection Agency (http://www.epa.gov/safewater/swp/sources1.html)
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Annex 9: Example for an Application of the GLA-Method in Jordan: The 
Groundwater Vulnerability Map of the Irbid Area, Northern Jordan 

The Groundwater Vulnerability Map of the Irbid Area was established by the
Jordanian-German Technical Cooperation Project Ádvisory Services to the Water 
Authority of Jordan – Groundwater Resources of Northern Jordan’ (MARGANE et al., 
1997, MARGANE et al., 1999, MARGANE et al., 2002). 

The map covers an area of approximately 1,500 km2. The Irbid area is characterized
by sequences of limestone units interbedded with marl units. Rainfall is high in the 
mountainous area, reaching up to 500 mm/a and more, whereas it is low in the
eastern part that becomes increasingly arid (hardly exceeding 150 mm/a). Therefore, 
groundwater recharge highly varies throughout the area.

As can be seen on Figure 9-1, groundwater vulnerability is high or very high in much 
of the outcrop area of the limestone units (B4 aquifer and A7/B2 aquifer). The high
vulnerability in these areas is confirmed by the high level of bacteriological
contamination (especially in the B4 aquifer) and the high nitrate contents. The 
present water supply strongly depends on the Wadi al Arab well field, which is
located around 15 km west of Irbid, near the Jordan Valley. This well field is at risk to
become polluted by sewage water from the city of Irbid and surrounding 
communities. The establishment of a groundwater protection zone for this well field 
and the implementation of land use restrictions is of highest priority. The intention of 
the new Technical Cooperation Project ‘Groundwater Resources Management’ is to 
establish this groundwater protection zone (MARGANE & SUNNA, 2002) and help
implementing the required actions in order to preserve this important groundwater 
resource.

For the establishment of recommendations, the compilation of a map of hazards to 
groundwater (Figure 9-2), using the legend proposed by VRBA & ZAPOROZEC
(1994) and the availability of piezometric maps of all relevant aquifers proved to be
highly valuable.

Guideline for Groundwater Vulnerability Mapping.doc Page  168 



Technical Cooperation Project Management, Protection and Sustainable Use of Groundwater and Soil Resources in the A
Guideline for Groundwater Vulnerability Mapping and Risk Assessment for the Susceptibility of Groundwater Resources to

Guideline for Groundwater Vulnerability Mapping.doc Page  169 

Figure 9-1: Groundwater Vulnerability Map of the Irbid Area, Northern Jordan 
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Figure 9-2: Map of Hazards to Groundwater of the Irbid Area, Northern Jordan 
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Annex 10: Example for an Application of the GLA-Method in Syria: The 
Groundwater Vulnerability Map of the Ghouta Plain, Central Syria

The groundwater vulnerability map of the Ghouta Plain was compiled by the 
Technical Cooperation Project ‘Management, Protection and Sustainable Use of
Groundwater and Soil Resources in the Arab Region’ (HOBLER & RAJAB, 2002). 

Groundwater withdrawal in Damascus and the Ghouta plain contributes essentially to 
the water supply of the city and the surrounding areas. However, rapidly increasing 
water demand, deteriorating groundwater recharge conditions and a succession of
dry years led to severe over-pumping of the aquifers in recent years. Springs and
shallow wells dried up in many areas and the productivity of water wells decreased.
Lack of water now seriously affects agricultural production, especially in the southern
and eastern parts of the area. Furthermore, most of the surface water is heavily
polluted.  Human activities like the disposal of untreated industrial effluents into rivers 
and channels, the use of polluted or insufficiently treated water for irrigation, 
uncontrolled garbage disposal and intensive use of fertilizers and pesticides
endanger the quality of the groundwater. 

Nowadays most of the domestic wastewater of Damascus is pumped to a treatment 
plant in Adra, about 15 - 20 km northeast of the city. From there, the treated 
wastewater is pumped back to the northern and central part of the Ghouta and used 
for irrigation. The problem remains, however, that groundwater withdrawal far 
exceeds the average annual recharge in large parts of the Ghouta and a sustainable
use of the groundwater resources seems impossible without substantial changes in 
the management and protection of the resources. 

Due to the high protective effectiveness of the soils in the Ghouta Plain, 
contamination of the groundwater by heavy metals and organic compounds still 
appears to be rather low in most parts of the study area. But pollution problems are 
increasing and there is a very real risk that some of the scarce water resources are 
being lost for domestic and even agricultural water supply due to pollution problems.
Nitrate contents in the groundwater already by far exceed the permissible values for
drinking water of 40 mg/l in many locations.

Based on the results of vulnerability mapping (Figure 10-1), recommendations for 
reducing the risks of groundwater contamination have been listed. Implementation of 
these recommendations would improve the prospects for a more sustainable use of 
the water resources. In general it can be stated that waste disposal sites and
uncontrolled handling of contaminating substances should be avoided by any means
in areas of high groundwater vulnerability.  Areas less sensitive to pollution can be 
taken into consideration as ‘search areas’ for the identification of suitable locations
for hazardous activities.

Limestones and conglomerates in the adjacent mountain ranges north of the city 
form productive aquifers and their outcrop areas should be seen as high-risk areas. 
The use of abandoned limestone quarries for garbage disposal poses a very serious
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threat to the groundwater and should therefore be stopped immediately (e.g. El Tal 
waste disposal site). 

In the ACSAD – BGR Cooperation Project the evaluation of the groundwater 
vulnerability has been combined with studies of the vulnerability of the soils and the
present status of soil contamination (for details see Vol. 3 of the project reports). In
general, the vulnerability of the Ghouta soils can be classified as relatively low. Areas 
of comparatively higher soil vulnerability have been delineated in the central part of 
the pilot area. In large parts, these areas coincide with areas, where the protective 
effectiveness of the unsaturated zone above the aquifer is low too. In some of these 
areas, e.g. the tannery area at the eastern outskirts of the city, the hazards of
groundwater pollution have to be considered as high. 

Concerns about water pollution and environmental problems are increasing in the 
relevant governmental institutions and the population. Efforts however, to actively
protect the groundwater resources are still insufficient. 
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Figure 10-1: Groundwater Vulnerability Map of the Ghouta Plain, Central Syria 
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Figure 10-2: Map of Hazards to Groundwater of the Ghouta Plain, Central Syria 
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Annex 11: Example for an Application of the DRASTIC-Method in Egypt:
The Groundwater Vulnerability Map of the Western Nile Delta, Northern
Egypt

A groundwater vulnerability of the western Nile Delta area was prepared by the 
Research Institute for Groundwater (RIGW), Egypt, using DRASTIC (KHATER, pers. 
comm.). The DRASTIC method was modified to achieve a result that reflects the 
observed groundwater quality impact.

The hydrogeological conditions are such that some of the DRASTIC parameters do 
not really have an influence on the groundwater vulnerability, such as the topography
(which is generally flat) and the recharge (which, concerning natural recharge, is
distributed evenly throughout the area). Important for the evaluation of groundwater
vulnerability are only the parameters: depth to groundwater, aquifer media, soil
media, clay thickness (representing the impact of the vadose zone) and hydraulic 
conductivity.

In order to obtain a vulnerability map that better reflects the observed groundwater 
quality impact, recorded groundwater pollution events (samples, where one or more 
parameters exceed the drinking water standards) were also taken into consideration. 
Both maps, the one using the ‘classic’ and the one using the ‘modified’ approach, are 
shown in Figures 11-1 and 11-2.
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Figure 11-1: Groundwater Vulnerability Map of the Western Nile Delta, Northern Egypt using 
the Classical DRASTIC Approach
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Figure 11-2: Groundwater Vulnerability Map of the Western Nile Delta, Northern Egypt using 
a Modified DRASTIC Approach 


