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1. Introduction:
Generally, groundwater is usually of excellent quality. Being naturally filtered in their passage
through the ground, they are usually clear, colorless, and free from microbial contamination and
require minimal treatment. Day by day, the number of soluble pollutant chemicals from urban,
industrial and agricultural activities and practices are increasing. These chemicals are not completely
removed by filtration as groundwater passes through the aquifer and some pose a threat to human
health. The water quality in many groundwater wells and springs in the West Bank and Gaza strip has
deteriorated during the last decades as a result of increasing agriculture chemicals (i.e. fertilizers,
herbicides and pesticides) and wastewater from urban and industrial areas.
Groundwater pollution sources could be point source or diffuse source (Robins, 1998).Disposal of
oils, solvents, chemical waste, leachate from waste disposal sites, herbicide use, could be some of the
point sources of pollution, where as roads and wastewater wadies are line sources of pollution. Nitrate
from agricultural practices and agriculture pesticides and urban pollution from leaking sewers, drains
etc are also diffuse sources of pollutions.
Given the importance of groundwater as a source of drinking water for so many communities and
individuals and the cost and difficulty of cleaning it up, the best way to guarantee continued supplies
of clean groundwater is to prevent it from contamination. Contaminant prevention can give only
protection to sustainable fresh groundwater supplies. However, knowledge about the degree of
vulnerability of the aquifers is indispensable to provide protection from contamination. Therefore,
groundwater vulnerability maps are an essential groundwater protection schemes and a valuable tool
in environmental management.
2. Objective
The remediation of contaminated aquifers is an extremely costly and high-level operation, in some
cases the aquifers may be irreversibly damaged. Therefore, preventing groundwater from
contamination by controlling inputs of pollutants in susceptible recharge areas will lead to protect and
improve the groundwater quality. However, this can be done by a comprehensive, clear and practical
vulnerability and hazard assessment and mapping of the study area. The objective of the current study
is then to produce vulnerability, hazard and risk maps for the protection of the Western Mountain
Aquifer Basin (WMAB) within the area of Yatta Municipality which can help:



To assess and rank the potential hazards to groundwater pollution so as to set priorities for
groundwater protection activities.
To identify and classify vulnerable and non vulnerable areas to groundwater contamination so
as to provide zoning of the groundwater protection.
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Based on the hazard and vulnerability maps, the study area will be classified according to
level of contamination risk so as to provide zoning of the groundwater protection.
To provide information for the groundwater resources management of the basin in the Yatta
area.

3. Groundwater vulnerability assessment concept
Robins (1998) described the term vulnerability in relation to groundwater as the intrinsic geological
and hydrogeological characteristics that determine the ease with which groundwater may be
contaminated by human activities. Prior to this definition (Vrba & Zaporezec, 1994) defined similarly
as, the concept of groundwater vulnerability is based on the assumption that the physical environment
provides some natural protection to groundwater against human impacts, especially with regard to
contaminants entering the subsurface environment. The aim of vulnerability assessment as it is
described by Bachmat and Collin (1987) is providing preliminary information and criteria for decision
making concerning management of water resources and land use as related to groundwater quality
control.
Basically there are two vulnerability assessment approaches; qualitative and quantitative approaches
depending on local conditions and available data. Each of these approaches requires that adequate
data be available on factors that affect groundwater vulnerability, such as soil properties, hydraulic
properties, precipitation patterns, depth to groundwater, and use and land cover, and other
characteristics of the area to be assessed. Different types and amounts of data are necessary depending
on the specific assessment method used. The product of most vulnerability assessments to date has
been a map depicting areas of relative vulnerability.
4. Methodology
4.1. Vulnerability assessment
Thus the preparation of aquifer vulnerability map is a key consideration and becomes a forecasting
tool. Via the planning processes, it also acts as a prevention tool and an identifier of action priority
list. Vulnerability mapping has been carried out in many countries in recent years and examination of
these maps and descriptions of vulnerability in the scientific literature shows considerable variation
from different perspectives. DRASTIC, GOD, SINTACS and European approach are some of the
methods. Most of the assessment and mapping methods are GIS supported weighting and ranking of
the component factors relevant to groundwater pollution according to their relative importance.
In this study, the European approach is used. This method is a recently developed approach for the
protection of European Kars aquifers by the working groups of the COST Action 620 from member
state countries of the union. The European approach to vulnerability mapping is based on an origin
pathway target model (Figure 1), which applies for both groundwater resources and source protection
(Zwahlen, 2003). According to European approach: ‘Origin’ is the location of the potential
contaminant release, ‘Pathway’ is the passage through the overlying layers for resource protection,

Hydro-Engineering Consultancy, 2013

5

Hazard, Vulnerability and Risk Mapping for Yatta Municipality

and includes the passage through the aquifer for source protection, while ‘Target’ is the groundwater
surface or a drinking water abstraction point.

Figure 1: Origin-pathway-target Conceptual model of the European Approach(Source: Adapted from
COST Action 620 final report, Zwahlen, 2003)
According to COST Action 620, the European approach consists different methods; from EPIK, a
method specifically dedicated to karst (Doerfliger & Zwahlen, 1998) to PI, a method applicable to all
types of aquifers but providing methodological tools for karst (Goldscheider et al. 2000). An approach
applicable to all types of aquifers is considered to be more applicable by COST Action 620 due to (1)
the presence of intermediate conditions between purely fractured and extremely karstified carbonate
aquifer; (2)transitional forms between granular and karst aquifers; (3) several types of aquifers in one
area; (4) a method applicable for all types of aquifers is more likely to be accepted and applied by
land use planners and regional decision makers.
The PI Method is a GIS-based approach to mapping intrinsic groundwater vulnerability. PI mapping
can be applied to all types of aquifers, but provides special methodological tool for karst
(Goldscheider, 2005), Figure 2. The P factor describes the protective function of the layers between
the ground surface and the groundwater table. The protective layers could be soil, subsoil, non-karst
rock and unsaturated karst rock. P factor is spatially distributed in the P map. The I factor describes
the infiltration conditions, particularly the degree to which the protective cover is bypassed as a result
of lateral surface and subsurface flow in the catchments of sink holes and sinking streams. The I map
shows the spatial distribution of the I factor.
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Figure 2: Illustration of the PI method (Source: Adapted from COST Action 620 final report, Z
wahlen, 2003).

The PI vulnerability map is the final overlaid output of the P map and I map. It shows the intrinsic
vulnerability and the natural protection of the uppermost aquifer. The map classifies the area into five
vulnerability levels: Extreme, High, Moderate, Low and Very Low based on the value of (π), Table 1.
It shows the spatial distribution of the protection factor π., which is obtained by multiplying the P and
I factors:
π =P.I
Where:
-

P Factor: the effectiveness of the production covers above the groundwater table.
I Factor: reduction of the protection cover by the bypassing flow.

Table 1: Vulnerability levels
Color
Vulnerability Map
(Vulnerability of GW)
Description
π-Factor
Extreme
0-1
High
>1-2
Moderate
>2-3
Low
>3-4
Very low
>4-5
4.1.1.

P-Map (Protection Cover)
Description
Very low
Low
Moderate
High
Very high

I-Map (Degree of
Bypassing)
Description
I-Factor
Very high
0.0 – 0.2
High
0.4
Moderate
0.6
Low
0.8
Very low
1.0

P-Factor
1
2
3
4
5

Determination of the P factor

The P factor is a function of soil field capacity, subsoil type and its thickness, lithology type and
fracturing, recharge and artesian condition of the aquifer. The P factor indicates the effectiveness of
the protective cover; it is calculated based on a modified version of German method (Zwahlen, 2003).
COST Action 620, has developed a step by step P factor determination as shown in Table 2. A
numerical Value is assigned to each top soil depending on the field capacity measurement of the top
1m soil. The subsoil type value is assigned based on grain size distribution. The score for bed rock is
given depending on the type of rock and fracture development. An additional recharge score based on
recharge condition and artesian point of 1500 for artesian aquifers is also considered in the method.
The scores for the subsoil and the bedrock are multiplied by the respective thickness in m (factor M).
Finally the score for the total effectiveness of the protective cover P TS is calculated according to the
following formula:

=

+

(

×

)+

Where:
-

T: Topsoil Factor, Table 2.a
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-

S: subsoil factor, Table 2.b
M: Unsaturated thickness (summation used when unsaturated formation is
more than one formation)
L: Lithology factor, Table 2.c
F: Fracturing factor, Table 2.d
R: Recharge factor, Table 2.e
A: Artesian pressure factor, Table 2.e

Table 2.a: Topsoil Factor (function of Effective Field Capacity)
eFC (mm) up to 1 m depth
T
eFC (mm) up to 1 m depth
>250
750 >90-140
>200-250
500 >50-90
>140-200
250 <50
Table 2.b: subsoil factor (function of type of subsoil)
Type of Subsoil
S
Clay
500
Loamy clay, slightly silty clay
Slightly sandy clay
Silty clay, clayey silty loam

400
350
320

Clayey loam

300

Very silty clay, sandy clay

270

Very loamy silt
Slightly clayey loam, clayey silty loam
Very clayey silt, silt loam
Very sandy clay, sandy silty loam, slightly
sandy loam, loam silt, clayey silt
Sandy loam, slightly loamy silt
Slightly clayey silt, sandy loamy silt, very
sandy loam

250
240
220
200
180
160

Type of Subsoil
Very clayey sand, clayey sand,
loamy silt sand
Sandy silt, very loamy sand
Loamy sand, very silty sand
Slightly clayey sand, silt sand,
sandy clayey gravel
Slightly loamy sand, sandy silty
gravel
Slightly silty sand, slightly silty
sand with gravel
sand
Sand with gravel, sandy gravel
Gravel, gravel with breccia
Non-lithified volcanic material
(pyroklastica)
Peat
Sapropel

Table 2.c: Lithology factor (Function of lithology)
Lithology
Claystone, slate, marl, siltstone
Sandstone, quartzite, volcanic rock plutonite, metamorphite
Porous sand sandstone, porous volcanic rock (e.g. tuff)
Conglomerate, breccias, limestone, dolomitic rock, gypsum rock

T
125
50
0

S
140
120
90
75
60
50
25
10
5
200
400
300

L
20
15
10
5

Table 2.d: Fracturing factor
Fracturing
Non-jointed
Slightly jointed
Hydro-Engineering Consultancy, 2013
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Moderately jointed, slightly karstified or karst features completely sealed
Moderately karstic or karst features mostly sealed
Strongly fractured or strongly karstified and not sealed
Epikarst strongly developed, not sealed
Not known
Table 2.e: Recharge and artesian pressure factors
Recharge (mm/yr)
R
Type
0-100
1.75
Confined
>100-200
1.5
>200-300
1.25
>300-400
1
Unconfined
>400
0.75

1
0.5
0.3
0
1

A
1500

0

The range of possible scores for the total protective function PTS is subdivided into five classes (Table
3), which are the final P factors in the PI method. The spatial distribution of the P factor is then shown
on a P map.
Table 3: P-Factor is a function of the Total Protective Function (PTS):
Score PTS
Effectiveness of protective cover
0-10
Very low
>10-100
Low
>100-1000
Medium
>1000-10000
High
>10000
Very high
4.1.2.

P-factor
1
2
3
4
5

Determination of the I factor

The concept behind the infiltration conditions (I factor) according to COST Action 620is that; the
overlying layers can protect the groundwater only if the precipitation infiltrates directly into the
ground without significant concentration of flow. 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 area of a sinking stream. The I factor expresses the estimated direct infiltration relative to
surface and lateral subsurface flow.
The controlling factors for I factor determination are the soil properties, slope and vegetation. The
dominant flow is determined based on the saturated hydraulic conductivities of soils and the thickness
of soil layer (Table 4). There are about six types of dominant flow types are identified for I factor
determination (Table 4.a, 1st Step): Saturated surface flow (Type A), Very fast subsurface storm flow
(Type B), Fast subsurface storm flow (Type C), Infiltration and subsequent percolation (Type D),
Hortonian surface flow rarely occurred only during storm rainfall (Type E) and Hortonian surface
flow frequently occurred also during low intensity precipitation(Type F). However, COST Action has
recommended considering only surface flow, subsurface flow and infiltration conditions from
geological and soil type conditions, where there is insufficient data of the soil parameters.
The primary I factor is then determined (Table 4.b,2nd Step) depending on predetermined dominant
flow and slope of the area with vegetation and land use types. Surface catchment areas of sinking
Hydro-Engineering Consultancy, 2013
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streams disappearing into a swallow hole and buffer zones of10 m and 100 m on both sides of the
sinking streams are designated. The assigned I factor derived from the infiltration condition and slope
in vegetation and out of vegetation land use scenarios (Table 4.c,3rd Step).
The I map and the map of the surface catchment area is intersected according to the scheme presented
in Table 4.d. The I map, finally, shows the degree to which the protective cover is bypassed by lateral
surface and subsurface flow.

Table 4a, 1st Step: Determination of the dominant flow process

Saturated
Hydraulic
Conductivity (m/s)

>10-4
>10-5 – 10-4
>10-6 – 10-5
<10-6

Depth to low permeability layer
<30 cm
30-100 cm
>100 cm
Type D
Type C
Type A
Type B
Type E
Type F

Table 4b, 2nd Step: Determination of the I’-Factor
Forest
Dominant flow process
Slope
< 3.5%
infiltration
Type A
1.0
Sub surface flow
Type B
1.0
Type C
1.0
Surface flow
Type D
0.8
Type E
1.0
Type F
0.8
Field/Meadow/Pasture
Dominant flow process
Slope
< 3.5%
infiltration
Type A
1.0
Sub surface flow
Type B
1.0
Type C
1.0
Surface flow
Type D
0.6
Type E
0.8
Type F
0.6

Table 4c, 3rd Step: Determination of the I-factor
Surface Catchment
a
b
c
d
e

Swallow hole, sinking stream and 10 m buffer
100m buffer on both sides of sinking stream
Catchment of sinking stream
Area discharging inside karst area
Area discharging out of the karst area
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0.0
0.0
0.0
0.2
0.4
1.0

0.2
0.0
0.2
0.4
0.6
1.0

3.5-27%
1.0
0.8
0.6
0.6
0.6
0.4

>27%
1.0
0.6
0.6
0.4
0.4
0.2

3.5-27%
1.0
0.6
0.4
0.4
0.4
0.2

>27%
0.8
0.4
0.2
0.2
0.2
0.0

I’-Factor
0.4
0.6
0.0
0.0
0.4
0.6
0.6
0.8
0.8
1.0
1.0
1.0

0.8
0.0
0.8
1.0
1.0
1.0

1.0
0.0
1.0
1.0
1.0
1.0
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4.1.3.

Assessment of vulnerability map using P and I factors

The vulnerability map shows the intrinsic vulnerability and the natural protection of the uppermost
aquifer. The map shows the spatial distribution of the vulnerability factor π, which is obtained by
multiplying the P and I factors:
According to COST Action 620, classification classes of vulnerability using PI method, the π factor
ranges between 0.0 and 5.0, with high values representing a high degree of natural protection and low
vulnerability, while low values represent lowest degree of natural protection and high vulnerability.
The areas on each of the P, I and PI maps are assigned to one of five classes, symbolized by five
colors: from red for extreme to blue for very low, Table1.
4.2. Hazard assessment
According to COST Action 620, hazard is defined as a potential source of contamination resulting
from human activities taking place mainly at the land surface. Groundwater pollution hazards could
be natural or manmade: Saltwater encroachment associated with over drafting of aquifers or natural
leaching from natural occurring deposits are natural sources of groundwater pollution. Man made
groundwater contamination hazard can be related to waste disposal such as: sewage disposal systems,
land disposal of solid waste, municipal wastewater, wastewater impoundments, and spreading of
sludge, and animal feedlot wastes. Others which are not directly related to waste disposal could be;
accidents, agricultural activities, excavation, etc. Some potential pollution hazards in the study area
are shown in Figure 3.
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Figure 3: Some potential groundwater pollution hazards in Yatta
A hazard assessment considers the potential degree of harmfulness for each type of hazard. It is
determined by the toxicity and the quantity of harmful substances, which may be released as a result
of a contamination event. Hazards can be point like dimension, linear or aerial extent. The difference
between these types of hazards is a matter of mapping scale. The European approach also proposes
the inventory of various hazards that are considered relevant to groundwater through a reasonable
subdivision, mapping, evaluation and assessment of the hazards in an economically feasible and
practical manner.
From a groundwater protection point of view, it is typically very important to know where a hazard
may occur. Less important would be to know when activities that may pose a threat occur, but rather
to have precise information on the location or areas associated with activities representing a hazard to
groundwater, (Zwahlen, 2003). It is believed that, this criterion can provide the opportunity to locate
the different hazards on maps, and thus enables the hazard information to be compared and related to
other spatially distributed data, such as the hydrogeological properties of the underlying rock
sequence.
The Hazard index (HI) which describes the degree of the harmfulness of the substances is calculated
as the following equation:

HI  H  Qn  R f
Where:
Hazard Index (HI): the possible range of the hazard index HI is from 0 to 120 scores. For the sub
sequent interpretation of the hazard index values a subdivision of six classes is recommended
according to the method, Table 5.
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Table 5: Hazard Index and Hazard Index Class
Hazard Index
Hazard Index Class
0 - 24
1
> 24 – 48
2
> 48 – 72
3
> 72 – 96
4
> 96 - 120
5

Hazard Level
No or very low
Low
Moderate
High
Very high

Color
Blue
Green
Yellow
Orange
Red

Hazard weighting (H):It is nearly impossible to establish quantitative methods to arrive at an absolute
measure of the degree of harmfulness (Zwahlen, 2003). Therefore, COST Action 620 has developed
criteria for weighting different hazards based on the toxicity of relevant substances associated with
each type of hazards as well as their properties regarding solubility and mobility. They determine the
weighting coefficient or the “harmfulness of a hazard to groundwater (H)”. H value ranges from 10
(lowest hazard)to 100 (highest hazard).
Hazard ranking (Qn): The hazardous substances involved within each individual category can be
varying in the same group. Therefore the differences in harmfulness within each hazard category will
be mainly due to the variable quantity (Qn) of harmful substances, which can be released and further
seep into, the underground. Therefore, a ranking value between 0.8 and 1.2 is recommended in order
to maintain a fair balance with the average weighting values. Depending on the amount of the hazards
0.8 is for low, 1.0 for medium and 1.2 for high hazards.
Reduction factor (Rf): Apart from the type and amount of hazards a reduction factor (Rf) is also
developed depending on the likelihood of the contaminant to pollute the existing groundwater system.
The reduction factor ranges from 1 to 0. In a situation where the value is set to zero, it follows that it
is considered that there is no risk of groundwater contamination, while a factor of 1 means that there
are no reasons known to reduce the likelihood of an impact to the groundwater according to European
approach.
4.3. Risks Assessments
The pollution risk could be predicted by preparing a Risk Assessment Map. The Risk Map will be
developed by overlying the Vulnerability and Hazard maps. The output will describe the risk of
groundwater contamination dependent upon the hazard characteristics and the nature of the pathway
to the groundwater. The proposed risk assessment is classified taking into account the classes of the
vulnerability and the Hazard indices, Table 6.
Table 6: Classification of the risk concerning the classes of the vulnerability and the hazard maps
π- factor
4-5
3-4
2-3
1-2
0-1

HI
0-24
24-48
48-72
72-96
96-120

1/HI
> 0.042
0.042-0.021
0.021-0.014
0.014-0.010
< 0.010
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π . (1/HI)
> 0.167
0.167-0.063
0.063-0.028
0.028-0.010
< 0.010

Risk Class
1
2
3
4
5

Risk Level
No or very low
Low
Moderate
High
Very high

Color
Blue
Green
Yellow
Orange
Red
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5. Background of the Study Area
Yatta municipality is a Palestinian city located in the Hebron Governorate approximately 8 km south
of the city of Hebron in the West Bank, Figure 4. According to the Palestinian Central Bureau of
Statistics (PCBS) it had a population of 52920 in 2010.
The municipality is bordered by Zif and Khallet al Maiyya to the east, ArRihiya, Al Fawwar Camp
and Wadi as Sada to the north, Beit 'Amra to the west, and As Samu' to the south. The total area of
Yatta (i.e. study area) estimated to be 24.6 km2, of which 9.1 km2 are classified as 'built up' area;
whilst 8 km2are agricultural areas. The remaining areas are livestock, uncultivated, or public lands.

Figure 4: Aerial photo of study area of Yatta city
5.1. Natural and Physical Characteristics of the Study Area
5.1.1.

Climate

There is no weather station installed in the area of Yatta municipality. Therefore the records obtained
from Hebron Weather station, 8 km north of Yatta, during the period 2000 - 2008was used to describe
its climate. These data was obtained from the Palestinian Meteorological Department (PMD).

Hydro-Engineering Consultancy, 2013

25

Hazard, Vulnerability and Risk Mapping for Yatta Municipality

5.1.2.

Precipitation

The climate in Yatta municipality is classified as semi-arid and Mediterranean (dry sub-humid),
characterized by a long dry season, a short wet season and two short transitional seasons (spring and
fall). The winter serves as the wet season, typically influenced by the Mediterranean front. Generally,
precipitation is characterized by long rainfall duration and low rainfall intensity. The transitional
seasons are influenced by the Red Sea trough (convective rain) and characterized by short rainfall
duration and higher intensity (Godreich 1998).
The long term annual average rainfall within the boundary of Yatta municipality is estimated 380 mm,
where about 70% of the annual rainfall occurs between November and February. In March and April,
precipitation usually decreases, while in May and September rainfall is rare. June, July and August
are almost without rain. The most intensive rainfall usually occurs in December and January.
5.1.3.

Temperature

Generally, temperatures in the West Bank vary according to the geographical position, altitude,
exposure to marine influences, etc. Throughout the West Bank, the hottest days of the year occur in
August. The average monthly maximum temperature within the boundary of Yatta municipality is
within the range of 23.7°C while mean monthly minimum is 10.6°C (data obtained from Hebron
Station during the period 2000-2008, PMD database).
Temperatures below the freezing point are registered nearly every winter in the mountains areas of the
West Bank. In Hebron city, 8 km north of Yatta municipality, the average minimum temperature
during the period 2000-2008 was -2.5°C in January.
5.1.4.

Sunshine Radiation

The West Bank has a sunny climate. Solar radiant energy provides the 2260 joules (540 calories)
needed to evaporate each gram of water whether from the soil (evaporation), or from leaf surfaces
(transpiration), (Nyle C. Brady, 1990).
The amount of radiation arrives at the West Bank differs from place to another. Within the area of
Yatta municipality, the mean annual solar radiation is 17.9 MJ/m2/day (9.8 hours/day). In summer
(June – August), solar radiation is strengthened by the almost completely clear sky with an average
sunshine 11.9 hour/day while during winter, the solar radiation occurs due to cloud cover, this cause
reduction in the evaporative potential. The average sunshine from December to February is 5.4
hours/day.
5.1.5.

Wind Speed

The prevailing winds over the greater part of the West Bank come from the Southwest to northwest.
In the summer, the high pressure belt over the Mediterranean and the continental low pressure area to
the East and south creates a strong pressure gradient across the West Bank. This difference in pressure
brings corresponding wind movement of relatively cooler air from the Mediterranean. The reduction
of pressure gradient at night, when the land areas are cooler, causes diurnal fluctuations in wind
speed. Winds are likely to blow from the land to the sea at night and reverse their direction during the
day.
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The mean monthly wind speed from June to August is 2.5 m/s in the area of Yatta municipality. In
winter, there are depressions passing from the west to the east along the Mediterranean low pressure
area. These depressions move from the Eurasian area of high pressure, centered in Russia, and the
North Atlantic high pressure area, centered in North Africa to the West Bank. The incoming storms
bring winds from the southwest and west saturated with moisture as a result of their passage over the
Mediterranean Sea.
In mid-winter, easterly winds cause a relative warming of the pronounced cold air. Less frequent is
the bitingly cold, dry winter winds blowing out from the high pressure areas of Siberia and Middle
Asia, occasionally bearing large amounts of fine dust. The mean monthly wind speeds from
December to February are registered 3.3 m/s in the Hebron area.
The dry, sand filled winds from the desert, Khamaseen winds, usually occur between April and June.
It is a result of a low barometric pressure over Libya or Egypt, which brings winds that blow over the
West Bank from the East. During these periods, the humidity decreases, the temperature rises, and the
atmosphere becomes hazy with dust from the desert region. Such dry winds tend to break up the
boundary layer surrounding the leaves and reduce the resistance to vapor flow through this layer
around the leaf, he sweeps away any layer of water vapor accumulated around the leaf and increases
the evapotranspiration. The mean monthly wind speeds during this period (April to June) is 2.8 m/s.
5.1.6.

Humidity

Relative humidity reaches its highest in winter, during January the average humidity is 73%. In the
summer months from June to August, the relative humidity drops to 55%. On Khamaseen days, the air
moisture content may sink below 30% as an impact of this wind.
5.1.7.

Evaporation

Evaporation is particularly strong in summer, due to the high temperatures, intensive sunshine and the
low humidity. The mean monthly evaporation rates from June to August are 230 mm/month, while the
evaporation rate is relatively low during the winter months when the solar radiation is lowest. The
mean monthly evaporation rates from December to February are 83 mm/month. The annual total
evaporation rates reach 1958 mm/year at Hebron station.
It must be remembered, however, that only water surfaces which are in contact with the air are fully
affected by evaporation. Water that has seeped into the ground is, for the most part, protected. In the
West Bank, the rainfall is concentrated in the winter season, when evaporation is at its lowest.
5.2. Physical Characteristics
5.2.1.

Topography

The site is located within the Hebron Mountains which is started from south of Jerusalem and extend
to the Negeb. The Hebron Mountains form the southern rim of the West Bank Mountains. The
elevation within Yatta Municipality is ranging between 680 to 860 meter above sea level, Figure 5.
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Figure 5: Topographic map of Yatta Municipality
5.2.2.

Soil

Figure 6, shows the soil map ofYatta municipality. The dominated soil type within the boundary of
Yatta is Brown Rendzinas and Pale Rendzinas (i.e. 74% of Yatta area). This soil is mainly composed
of shallow Brown Rendzinas with numerous outcrops of limestone or calcareous crust (Nari, calcrete).
Shallow to moderately deep Pale Rendzinas are typical of slopes where the calcareous crust has been
eroded. Grumusols and grumusolic dark Brown soils form inclusions in bottomland and small
plateaux, while Colluvial-alluvial soils occur in narrow valleys. The parent material of this soil is soft
chalk and marl covered partly by Nari lime crust (calcrete), and hard chalk. The principal crops in this
soils type are fruit trees, especially olives, and grapes. Shallow and rocky soils are used for grazing
and afforestation. The other soil types are Terra Rossas, Brown Rendzinas and Pale Rendzinas (6%)
and Dark Brown Soils (20%). The Terra Rossas, Brown Rendzinas and Pale Rendzinas soil is mainly
composed of shallow Terra rossas with inclusions of Brown Rendzinas and Pale Rendzinas, in
addition to numerous outcrops of limestone. The soil depth differs greatly within short distances, so
that deep soils occurring in solution pockets or in hollows alternate abruptly with rock outcrops.
Grumusols form inclusions on bottomland. Colluvial-alluvial soils occur in narrow valleys.The parent
material of this soil is hard limestone and dolomite with inclusions of chalk, marls and
alcareousshales. The natural soils seem to have contained a moderate to high content of organic
matter, which was destroyed as a result of cultivation and erosion. The moderately deep soils on
gentle mountain slopes and narrow valleys are used mainly for growing fruit, including grapes, olives,
plums, apricots and apples, often on terraced land; the shallow and rocky soils are left for grazing and
reforestation. Valleys are cultivated for different field crops, lately with supplemental irrigation.
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Figure 6: Soil map of Yatta Municipality
The dark brown soils are found is generally covering the moderately sloping hills. These soils have
developed from fine aeolian sediments, coastal sand, calcareous sandstone (kurkar), and medium- to
fine- textured alluvial deposits. Most of the land, especially the fine-textured soils, has been cultivated
for many centuries. Remnants of the natural vegetation are confined to the shallow Pararendzinas and
some eroded areas, and consist mainly of small shrubs. The fine –textured soils are fertile and are
used for various field crops, mainly under irrigation. Horticulture, especially citrus and subtropical
fruits, is concentrated on the better drained , moderately fertile , medium- to coarse-textured soils.
5.2.3.

Geology

There are three geological formations outcropping within Yattaboundary; Bethlehem and Hebron
(Upper Cenomanian), Jerusalem (Turonian) and Senonian (Abu Dees) formations, Figure7. The
description of these formations is shown below, SUSMAQ 2004:
Abu Dees (Senonian) formation: this formation outcrops mostly at the east-northern side of Yatta
municipality. It predominantly composed of chalk and Neogene Saqiye clastic sediments of sand with
clay and marl, SUSMAQ 2004. The formation is considered as the overlaying an aquitard layer for
the Western Mountain Aquifer Basin (WMAB).
Jerusalem Formation (Turonian): Jerusalem formation outcrops mostly at the western side of the West
Bank Mountains. The typical lithology of Jerusalem is mostly a white massive limestone with
stilolites, dolomite and thin bedded limestone with strong signs of karstification. The thickness of
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Jerusalem formation at outcrop areas ranges between 55-230 m. It is clear that Jerusalem formation
was subjected to surface erosion, which resulted in a reduction of its thickness to around 60-90 m. In
some places Jerusalem formation was completely eroded thus overlaying the Cenomanian formations
beneath directly with the Post Turonian.
Bethlehem Formation (Upper Cenomanian): Bethlehem formation underlies Jerusalem Formation.
The lower part of Bethlehem formation crops out on the western side of the West Bank Mountains.
The typical lithology of upper Bethlehem formation comprises mostly of soft, often brittle dolomite
and acts as an aquifer. The thickness ranges between 5-160 m in the outcropping areas. The typical
lithology of the lower part of Bethlehem formation is mostly limestone, often thin plated and with
slight marl intercalations or at places as chalky limestone and thus acts as a weak to moderate
aquitard. The thickness of the lower Bethlehem formation ranges between 0-100 m in the outcropping
areas.

Hebron Formation (Upper Cenomanian): The typical lithology of the Hebron formation is
mostly massive and karstified dolomite. Thus, this bottom part of the Upper Aquifer acts as
an excellent aquifer. The thickness of the Hebron formation ranges between 35-100 m in the
outcropping areas.

Figure 7: Geological map of the site
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5.2.4.

Hydrogeology

The Yatta Municipality is located south-eastern unconfined part of the the Western Mountain Aquifer
Basin (WMAB), Figure8. The Turonian and Upper Cenomanian formations that are outcropping
within Yatta boundary are classified as recharge areas for the aquifer. The WMAB is considered as a
highly karstic aquifer; with a general thickness ranging between 600 and 1000 meters (Abusaada
2011). It consists of three lithological layers; the lower (Beit Kahel formation) and the upper
(Jerusalem, Bethlehem and Hebron formations) permeable layers, these two layer form lower and
upper sub-aquifers. These permeable layers are predominantly limestone and dolomite with
thicknesses ranging between 250 and 400 m each, and they have high signs for karstifications. The
layer in between (Yatta Formation) with of thickness of 80 - 120 m functions as a semi-permeable
layer which is dominated by chalky limestone, chalk and marl. However, this layer permits the flow to
exchange between the two permeable upper and lower sub-aquifers. The lower sub-aquifer is
underlined by the Kurnub group which consist of limestone, marl, and sand. Figure 9 shows a typical
schematic cross section for the WMAB showing the flow mechanisms between the aquifer layers.

Figure 8: Location map of Yatta study area within WMAB, Abusaada 2011
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Figure 9: The hydrogeological setting of the WAB aquifer, Abusaada 2011
The water level distributions within the boundary of Yatta in upper sub-aquifer which is subject to
contaminated from the surface hazards are obtained from the regional groundwater model of the
WMAB, Abusaada 2011. Figure 10, shows that water level in the upper sub-aquifer is ranging
between 550 to 740 m above sea level and the flow direction is to the south-west. Recalling the
topography of Yatta municipality, the depth to groundwater is approximately 100 m.
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Figure 10: Water level distribution in the upper sub-aquifer, Abusaada 2011
5.3. Analysis
5.3.1.

Hazard Assessment and Mapping for the Study area

The European approach was used to conduct the hazard analysis and mapping. The identification of
the hazards involves an assessment of the potential effects of groundwater pollution on the people,
their property and the natural environment (Smith,2001).
Many pollution sources which can pose groundwater contamination hazards were inventoried in the
Yatta municipality from literature, field survey and from aerial photos. As a result, area of Yatta
municipality was re-defined according to the land cover and use (including pollution sources), Figure
11 .These hazards were then classified according to the type of pollutants into three main categories:
infrastructural (domestic), industrial and agricultural activities. These main categories are proposed as
Level I categories of hazards in the hazard inventory. As a result, the groundwater pollution hazards
for groundwater basin within the area of Yatta municipality are listed in Table 7 as a major source of
pollutant. These three main categories of pollutants are described below:
Agricultural hazards: There are around 7920 donums of agricultural related areas in Yatta
municipality. Due to the limited water resources, agriculture practices are limited to rain fed crops and
olive trees. However, there are sum of about 21 Donums of greenhouses distributed in Yatta. The
average size of these greenhouses is 430 m2. The farms in these areas are normally use manure in
there agricultural activities. Using chemical fertilizers, pesticides and herbicides are very rare.
Therefore contamination from agriculture activities can be considered minor. In addition to the
agriculture, there are a sum of 48 donums are used for livestock (mainly sheep and chicken farms)
which can be considered as a point source of pollutions.
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Domestic hazards: Domestic hazard includes residential waste water systems, municipal waste, fuels,
roads and many other related wastes, Figure 11. These pollutants could be considered as sources for
many pollutants. However, the municipality is not served by wastewater collection system, and then
wastewater is usually collected in cesspits which in most cases infiltrated to the groundwater system.
The total area for the domestic (infrastructure) related pollutants are estimated about 15.7 Km2. There
are at least 26% of which is used for intensive urban areas.
Industrial Activities: Industry in Yatta municipality is very minor. It is limited to iron and steel works,
quarries, stone cuttings and very light industrial activities. Therefore, pollution from industrial
activities is relatively small compared with other sources of pollutants.

Figure 11: Pollution Sources in Yatta Municipality
According to the COST Action 620 weighting criteria and the process or nature of activity
(production, storage, etc.), type of harmful substances, amount of substances which can be released,
age and status of installations, the potential degree of harmfulness for each type of hazard were
determined (i.e. Hazard weighting), Table 7.
Table 7: Pollution types and their weighting in Yatta Municipality
Type
Agriculture and
Livestock

Sub Type
Agriculture
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20
40
5

Name
Agricultural Areas
Agricultural Store
Bare Rock
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Livestock
Wastewater

Industrial
Activities

Industrial Plants

Excavation
Municipal Waste
Recreational
Facilities
Transport and
Traffic

5
20
20
30
50
10
10
20
20
30
10
35
30
45
40
55
40
40
40
25
10
40

Bare Rock with Shrubs
Green House
herbal Plants
Intensive agricultural Area
Olive Mills
Olives
Olives with some field crops
Orchards
Palm trees
Plants Farm
Rainfed Crops
Chicken Farm
Livestock Farm
Turkey Farm and Slaughterhouse
Fish ponds
Garage for maintain heavy duty Machines
Iron/Steel work
Paper Industry
Plastic Recycling/Storage
Construction materials/Stone Cuttings
Excavation Site for Development
Domestic Dumping Site

25

Play Ground

20

Road

55
20
70

Car Washing Station
Commercial Areas
Intensive urban area without sewer system
Runoff including infrastructural and agricultural
wastes
Urban area without sewer system
Urban area without sewer system including intensive
livestock
Wastewater Wadi
Water Tank
Cemetery
Development Areas
Military zone
Fuel Station

45
Infrastructure

Wastewater

70
70

Diverse hazards
Fuels

45
10
20
15
35
55

The COST Action 620 is considered the differences in harmfulness within each hazard category.
These differences are mainly due to the variable quantity (Qn) of harmful substances, which can be
released and further seepinto the underground. Accordingly, ranking of the hazards within the same
category in the study area is subdivided to three classes as low (0.8), medium (1.0) and high (1.2).
These numbers are representing ranking factors recommended by the European approach. For
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example, the highest Qn factor is given to the intensive urban areas where generated wastewater is
stored in cesspits and then leachate into the ground while the lowest Qn value is given to the less
intensive (i.e. scattered buildings) areas.
The reduction factor (Rf) is also considered in this study. According to Smith, 2001, pollution hazard
determinations can be based on the potential for pollution problems. Accordingly, where the pollutant
is likely to pollute groundwater system or the risk is high then Rf is given the highest value (1),
otherwise, when there is no risk for groundwater pollution Rf is given (0), Accordingly, through the
field investigation in Yatta municipality, the Rf for each pollution is assigned.
Based on hazard equation mentioned above, the final hazard index is the product of the hazard
weighting value, ranking factor and the reduction factors. The results of the hazard index calculation
are shown in Figure 12. The figure shows that the hazards is classified using the hazard index
value, as described in table 5.
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Figure 12: Hazard of Yatta Municipality
5.3.2.

Mapping and interpretation

The hazard map, Figure 12, is the final graphical representation output of the different hazards.
Accordingly, the hazard index is classified according to the potential degree of harmfulness of the
hazards to groundwater. However, there is no hazards show a very high hazard class, the waste water
generated from the intensive urban areas in Yatta municipality shows high hazard class with area 4.2
Km2 (17% from the total area of Yatta municipality). The Fuel stations, car washing stations, urban
areas and wastewater wadies which are passing within the boundary of Yatta municipality are
classified as moderate hazards with total area 4.9 km2 (19.8%).Roads, livestock, light industry hazards
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are classified as low level hazards. Olives, rain fed agriculture and development areas hazards are
classified as a very low or non-hazard to groundwater pollution, Table 8.
Table 8: Areas of Hazardous Level in Yatta
Hazardous Level

Area
km2

High
Moderate
Low
No or Very Low

4.2
4.9
1.0
14.6
Sum= 24.6

%
17.0%
19.8%
3.9%
59.4%
100.0%

6. Vulnerability Mapping
The different input maps for P and I factors are organized and overlaid systematically using ARCGIS
software package. Moreover, the tables and equations mentioned in section 4.1 were used to calculate
all factors and parameters. Figure 13 shows the schematic diagram of the calculation procedure in
order to reach to the vulnerability map.

Figure 13: Schematic diagram of the calculation procedure for vulnerability mapping
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By applying the schematic diagram on the input maps, different maps were produced. Figure 14
shows some maps generated during the process of producing the vulnerability map for Yatta
Municipality.

Figure 14: Sample of input maps
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6.1. P- map (Protective cover Map)
The output of the P map, Figure 15, shows that all area in Yatta Municipality has a very high degree
of productive cover. The high productivity cover is resulted due to many results; relatively low
recharge rates and a considerable thickness of the unsaturated formation. All these factors provided a
very high degree of protection cover which reduce the risk for contamination of the groundwater
system underneath the study area.. Regardless this result, it is recommended to consider this area
sensitive since it characterized as high karst area as well as it considered as a recharge area for the
western mountain aquifer basin.

Figure 15: P map for Yatta Municipality
6.2. I-map (Degree of bypassing)
Bypassing of the protective layer is represented by I-map, Figure 16. This map show the protective
layer is bypassed by lateral surface and subsurface flow characteristics of that particular formation
due to land use cover and slope nature of the area. The distribution of the I factor in the map shows
very high to moderate degree of bypassing in areas where urban is intensive, the slope nature is gentle
and the areas are characterized by sinking streams or its buffer. In this area surface flow bypassing is
the dominant flow process.
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Figure 16: I map for Yatta Municipality
6.3. PI Vulnerability map
The map, Figure 17, is the result of the overlay product of P and Imaps. The hydrological response of
the surface catchment area which is represented by the I factor readjust the protective function of the
overlying layer in the P map. Due the very high degree of protectively of Yatta Municipality, the
vulnerability map is almost the same as the bypassing map (I Map).

Figure 17: Vulnerability map for Yatta Municipality
The vulnerability map shows that the main stream crossing the area (northern edge) and its buffer are
classified as extreme to high vulnerable areas. The intensive urban and livestock areas are classified
as high to moderate vulnerable to groundwater contamination. The percentages of extreme and high
vulnerable areas within the study area are representing around 17.6% from the total area, Table 9.
The table also shows that the majority of areas are classified as Moderate (i.e. 62.6% of the total area).
This lead to conclude that study area should be considered as high vulnerable areas.
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Table 9: areas of vulnerability levels in Yatta Municipality
Vulnerability Level
Very Low
Low
Moderate
High
Extreme
Sum

Area
m2

%

2541656
2306866
15399463
4062445
272376
24582806

10.3%
9.4%
62.6%
16.5%
1.1%
100.0%

7. Risk Mapping
The pollution risk map is obtained by overlying the Vulnerability and Hazard maps, section 4.3. The
output, Figure 18, describe the risk of groundwater contamination dependent upon the hazard
characteristics and the nature of the pathway to the groundwater. The Figure shows five levels of risk
classes. The stream and its buffer zone and some intensive urban areas with area equal to 280dunoms
(1.1%) represent a very high to high risk area. The intensive urban and livestock areas with total area
8228donums (33.5%) represent a moderate degree of pollution risks. Other areas show no to low level
of pollution risks. Table 10 shows the areas of each type of risk levels.

Figure 18: Risk map for Yatta Municipality
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Table 10: areas of Risk level in Yatta Municipality
Area

Risk level
No or very low
Low
Moderate
High
Very high
Sum

m2
12935861
3138910
8227894
232396
47775
24582836

%
52.6%
12.8%
33.5%
0.9%
0.2%
100.0%

8. Conclusions and Recommendations
The conducted analysis in this report was identified as well as classified the Hazards and its source,
the high vulnerable areas to contamination and the high risks areas regarding to groundwater
contamination. According to the analysis, the sensitive risks resulted from the wastewater generated
from the urban areas, the stream which also contains domestic wastes and from the intensive
agricultural areas.
Due to the importance of groundwater systems as a main source of fresh water, protecting the aquifers
from pollution is the responsibility for all; starting from governmental bodies and down to individuals.
This call decision makers and individuals to take immediate actions on the ground to prevent
pollutants from reaching their water bodies. As a final recommendation, the following strategic points
could be suggested:






Reducing the risk resulting from the wastewater generated from the urban and industrial
sectors.
Control the quantities of fertilizers and pesticides used in the agricultural sector. Also,
reducing the runoff generated from the farms by establishing woody buffers, storm water
wetlands, terraces, etc.
Minimizing the number of pollution point sources especially the solid waste disposal points
by establishing a main isolated dumping site in the study area.
Finally, it is recommended to conduct a regular monitoring survey for all domestic wells (e. g.
on a monthly basis) in the study area to make sure that no contaminants reach the aquifer.
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