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Abstract 
 

This study aims to provide a spatial analysis of the 

parameters and conditions under which groundwater may 

become contaminated, and to find out the groundwater 

vulnerable zones to contamination in the aquifer of 

Khanyounis governorate (The study area) by applying the 

DRASTIC model within GIS technique. The model uses seven 

environmental parameters: Depth of water table, net Recharge, 

Aquifer media, Soil media, Topography, Impact of vadose 

zone, and hydraulic Conductivity to evaluate aquifer 

vulnerability.  Based on this model and by using ArcGIS 9.3 

software, an attempt was made to create vulnerability maps for 

the study area. According to the DRASTIC model index and 

pesticide DRASTIC index, the study has shown that in the 

western part of the study area the vulnerability to 

contamination ranges between high and very high due to the 

shallowness of water table with moderate to high recharge 

potential and permeable soils. To the east of the previous part 
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and in the south-eastern part, vulnerability to contamination is 

moderate. In the central and the eastern part, vulnerability to 

contamination is low due to depth of water table. Given these 

results, the model that has emerged can be used as a tool for 

national authorities and making decisions on where 

agricultural chemical applications pose the greatest potential 

for contaminating groundwater resources. The most critical 

hydro-geologic parameters that contribute to groundwater 

vulnerability in this study are: a combination of shallow depth 

to water, high net recharge, soil type and topography with low 

percent slope. 

Keywords: Groundwater vulnerability to 
Contamination, DRASTIC model, GIS, Khanyounis 
Governorate . 
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ة المعرضة للتلوث في محافظة خان يونس بقطاع تحديد مناطق المياه الجوفي
من خلال نظم المعلومات الجغرافية " دراستيك"غزة باستخدام نموذج   

KאLKא 
אW 
   īכــĩĺ ĹــÝĤوف אóــčĤאت وאóــĻĕÝĩĥĤ ĹĬכــאĨ ģــĻĥéÜ ħĺïــĝÜ ĵــĤإ ÙــøرאïĤه אñــİ فïــıÜ

àĳĥĨ ÙــÙ، وאĜĳĤــĳف ĥĐــĭĨ ĵــאěĈ אĻĩĤــאه אĻĘĳåĤــÙ אĄóđĩĤــı×äĳĩÖ Ùــא أن Üــç×ā אĻĩĤــאه אĻĘĳåĤــ
 ÷Ĭĳــĺ ــאنì ÙــčĘאéĨ ĹــĘ ثĳــĥÝĥĤ)ÙــøرאïĤא ÙــĝĉĭĨ( ذجĳــĩĬ ěــĻ×ĉÜ لŻــì īــĨ ،" כĻÝــøدرא

DRASTIC "ÙـــĻĭĝÜ īĩــĄ ÙــĻĘאóĕåĤــאت אĨĳĥđĩĤא ħــčĬ  . Ùđ×ــø ذجĳــĩĭĤא אñــİ مïíÝùــĺو
ÙĻئĻÖ אتóĻĕÝĨ :ـĻäĳĤĳĻä ،ÙĻĘאāـĤא ÙـĺñĕÝĤא ،ĹĘĳـåĤـאء אĩĤى אĳÝùĨ ěĩĐ ، ĹĘĳـåĤאن אõـíĤא Ù

 ĹכĻĤروïـĻıĤא ģĻـĀĳÝĤـאه، وאĻĩĤאÖ Ùđ×ýـĩĤא óĻĔ ÙĝĉĭĩĤא óĻàÉÜ ،ÙĝĉĭĩĤא ÙĻĘאóĔĳ×Ĉ ،ÙÖóÝĤع אĳĬ
ــĨ ħĻــïى đÜــóض אíĤــõאن אåĤــĥÝĥĤ ĹĘĳــĳث ĻĝÝĤ ــכĤت . وذóــä ،ذجĳــĩĭĤא אñــİ ــאسøأ ĵــĥĐ

ÙـøرאïĤא ÙـĝĉĭĨ ĹـĘ ėđąـĤא īĈאĳـĨ īĻـ×Ü ćאئóـì ěـĥì ÙĤאوéĨ . ذجĳـĩĬ óـüËĨ ħĻـĝĤ ـאĝĘُوو
"ĻÝøכدرא" ÙـĝĉĭĨ īـĨ ĹـÖóĕĤء אõـåĤא ĹـĘ įـĬأ ÙـøرאïĤت אóـıČאت، أïـĻ×ĩĤאÖ ÙĀאíĤא ħĻĝĤوא ،

ًאïĤرאøــÝĺ Ùــóאوح אđÝĤــóض ĥÝĥĤــĳث ÖــīĻ אęÜóĩĤــď وאęÜóĩĤــä ďــïא čĬــóא ĤــéąאĩĐ ÙĤــě אĻĩĤــאه  ً
ÙــÖóÝĤא ÙĻĨאùــĨو ،ÙـــĻĤאđĤא ÙــĺñĕÝĤא ÙــĻĬכאĨوإ ،ÙــĻĘĳåĤא . ،ěÖאùـــĤء אõــåĤא īــĨ قóýــĤא ĵـــĤــא إĨأ

 ĹÖĳـــĭåĤء אõـــåĤא ĹـــĘ כĤñوכـــ ĹـــĘ אąـــęíĭĨא، وĉـــøĳÝĨ ثĳـــĥÝĥĤ ضóـــđÝĤن אĳכـــĺ ،ĹĜóýـــĤًא ً
ÙــĻĘĳåĤـאه אĻĩĤא ěـĩđĤ אóـčĬ ÙĻĜóýـĤوא ĵĉـøĳĤא ÙـĝĉĭĩĤא . ًאñــİ زóـÖ ،ãـאئÝĭĤه אñـİ ĵـĤإ óčĭĤـאÖو

 ěĈـאĭĩĤא ĹـĘ אرóـĝĤא ĹđĬـאĀو ،ÙـĻĭĈĳĤאت אĉĥùـĤא ģـ×Ĝ īـĨ אıĨאïíÝـøא īכـĩĺ دאةÉذج כـĳĩĭĤא
ĩÜ ĹــÝĤא Ùــ ĻאئĻĩĻכĤאد אĳــĩĤم אïíÝùــÜ ĹــÝĤא Ùــ ĻĐرאõĤــאه א ĻĩĤאرد אĳــĨ ثĳــĥÝĤ źــאĩÝèא óــáכŶא ģــá

ÙـــĻĘĳåĤـــאه . אĻĩĤض אóـــđÜ ĹـــĘ ħıùـــÜ ĹـــÝĤرة وאĳـــĉì ÙـــĻäĳĤĳĻäروïĻıĤאت אóـــĻĕÝĩĤא óـــáإن أכ
אĳĥÝĥĤ ÙĻĘĳåĤث ÙĝĉĭĨ ĹĘ אïĤرאáĩÝÜ ÙøـĘ ģـĄ ĹـéאĩĐ ÙĤـě אĻĩĤـאه، وאĺñĕÝĤـÙ אđĤאĻĤـÙ، وĬـĳع 

īĻıĤאر אïéĬźذאت א ÙĝĉĭĩĤא ÙĻĘאóĔĳ×Ĉو ،ÙÖóÝĤא .  
 Ùـــ ĻèאÝęĨ ـــאتĩĥذج :כĳـــĩĬ ،ثĳـــĥÝĥĤ Ùـــ ĻĘĳåĤـــאه א ĻĩĤض אóـــđÜ " כĻÝـــøدرאDRASTIC" ،  

÷Ĭĳĺ אنì ÙčĘאéĨ ،ÙĻĘאóĕåĤאت אĨĳĥđĩĤא ħčĬ.  
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1. Introduction 

In general in the Gaza Strip, and in particular in 
Khanyounis governorate, groundwater is a very important 
source for water supply and development. The quality of 
groundwater plays an important role in the scarcity problem, 
especially for drinking water supply. So, it has to be protected 
from the increasing threat of subsurface contamination. 
Furthermore, the quality of groundwater is generally under a 
considerable potential of contamination especially in 
agriculture-dominated areas with intense activities that involve 
the use of fertilizers and pesticides (Lake et al., 2003, p.316; 
Thapinta and Hudak, 2003, p.87; Chae et al., 2004, p.369).  

The growth of Khanyounis population has doubled 
about four times since 1960s. Therefore, the demand of high-
quality drinking water is increasing, while the average 
domestic water consumption is less than 25 cubic 
meter/capita/year which is one of the lowest rates in the world 
(Al Hallaq, A. H., 2002, p.153). The intensive utilization of 
aquifers has changed the groundwater chemical quality. The 
study of these changes requires the design of monitoring 
networks. One of the most successful tools for monitoring 
system has been the use of vulnerability maps. Vulnerability 
maps have become an ever more essential tool for groundwater 
protection and environmental management (Vias et al., 2005, 
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p.587). These maps could be used for activities such as land 
use planning, decision making, groundwater resources 
management and groundwater quality maintenance (Samey, 
Amina A., and Gang, Chen, 2008, p.502). Maps of aquifer 
vulnerability to contamination are becoming more in demand 
because on the one hand groundwater represents the main 
source of drinking water, and on the other hand high 
concentrations of human/economic activities, e.g. industrial, 
agricultural, and household represent real or potential sources 
of groundwater contamination (Rahman, A., 2008, p.51) 

2. Concept of Groundwater vulnerability  

The concept of groundwater vulnerability to 

contamination is based on the assumption that the physical 

environment may provide some degree of protection to 

groundwater against natural and human impacts with respect 

to contaminants in the groundwater. The vulnerability of a 

certain area can be described by the degree of susceptibility of 

that area to groundwater pollution (Baalousha, H. 2006, p. 

405).  

In 1968 the French Margat was one the first used the 

term vulnerability in Hydrogeology, thereafter the concept was 

adopted worldwide (Albinet, M. and Margat, J. 1970, p.15).   

Up to date, several proposition have been given by scientists to 
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define groundwater vulnerability, many are quite similar, 

however there is not any recognized and accepted common 

definition that has been developed. 

Groundwater vulnerability to contamination defined in 
agreement with the conclusion and recommendations of the 
international conference on " Vulnerability of Soil and 
Groundwater to Pollution", held in 1987 as "The sensitivity of 
groundwater quality to an imposed contaminant load, which is 
determined by the intrinsic characteristics of the aquifer" 
(Duijvenbooden and Waegening (ed), 1987, p.3).  

According to National Research Council (NRC), 
groundwater vulnerability to contamination is the tendency or 
likelihood for contaminants to reach a specified position in the 
groundwater system after introduction at some location above 
the uppermost aquifer (NRC, 1993, p.16). As can be inferred 
from the above definition, groundwater vulnerability is not an 
absolute or measurable property, but an indication of the 
relative possibility with which contamination of groundwater 
resources will occur. This understanding implies a very basic 
vulnerability concept that all groundwater is vulnerable. 

3. DRASTIC Model 

DRASTIC model of groundwater vulnerability falls into 
the category of overlay and an index method, which is one of 
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the most commonly, used categorical rating methods and was 
among the earliest methods used. It was developed by US 
Environmental Protection Agency (USEPA) which 
standardized system for evaluating groundwater pollution 
potential of hydro-geologic setting (Aller, et. al, 1987, p.43; 
USEPA, 1993, p.27; Vrba and Zaporozec, 1994, p.46).  

The DRASTIC model is used to prepare a vulnerability 
map for the area of study. The name DRASTIC is taken from 
initial letters of seven environmental parameters, (Table 1), 
used to evaluate intrinsic vulnerability of aquifer systems. 
These seven parameters are: (Aller, et al, 1987 p.46; Babiker, 
I. et al 2005, p.130; and Baalousha, H., 2010, p.242). 

  
Table (1) Weights of DRASTIC Parameters  

Parameters 
DRASTIC 

Weight 
Pesticide DRASTIC 

Weight 

Depth to water table 5 5 

Net Recharge 4 4 

Aquifer Media 3 3 

Soil Media 2 5 

Topography 1 3 

Impact of Vadose Zone 5 4 

Hydraulic Conductivity 3 2 

Source: (Aller, et. Al, 1987, p.46). 



 Dr.Akram Hassan. Al-Hallaq / Dr.Basheer Sofyan Abu Elaish  

18                                                   Vol. 4 - N0.1- Muharram 1433 AH. December 2011 

 

 (D) Depth to water table: The more depth to water the 

lesser the chance for the contaminant to reach it as 

compared to shallow water table.   

 (R) Net Recharge: Represents the total quantity of water 

that reaches the water table. It is the process through 

which the contaminants are transported to the aquifer. 

The more the recharge is, the more vulnerable the aquifer 

is (Aller et al., 1987, p.44).  

 (A) Aquifer media (geology): It reflects the attenuation 

characteristic of the aquifer material reflecting the 

mobility of the contaminants through the aquifer material. 

For example, the larger the grain size is and more 

fractures or openings within the aquifer are, the higher the 

permeability, and thus vulnerability, of the aquifer.  

 (S) Soil media (texture): Soil of different types have 

differing water holding capacity and influence the travel 

time of the contaminants.   

 (T) Topography (slope): It refers to the slope of the land 

surface. High degree of slope increase runoff and erosion 

which is composed of the contaminants.    

 (I) Impact of vadose zone: It is unsaturated zone above 

the water table. It reflects the texture of the vadose zone. 
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The texture determines the time of travel of the 

contaminants through it.   

 (C) Hydraulic Conductivity: The amount of water 

percolating to reach the groundwater through the aquifer 

is influenced by the hydraulic conductivity of the soil 

media. The higher the conductivity is the more vulnerable 

the aquifer.  

3.1 Pesticide DRASTIC Model 

The Pesticide DRASTIC methodology is identical to the 
DRASTIC methodology with the exception of the assignment 
of weighting values. This is a specific case analysis for 
evaluating groundwater vulnerability to agrochemical 
applications. Specifically, the modified Pesticide DRASTIC 
weights for soil media and topography are elevated over the 
unmodified DRASTIC values and the Pesticide DRASTIC 
weights for impact of the vadose zone media and hydraulic 
conductivity are less than the DRASTIC values, indicating the 
differences in relative importance of pesticides 
(agrochemicals) in the Pesticide DRASTIC model (Table 1). 
The modifications for the Pesticide DRASTIC index are meant 
to reflect the mobility of pesticides and therefore should not be 
used as a comparison to the general DRASTIC index (Aller et 
al. 1987, p.46).  
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This model produces a numerical value called 

DRASTIC INDEX which is derived from the rating and 

weights assigned to the parameters used in the model. Using 

the seven DRASTIC parameters, a numerical ranking system 

of weights, ranges, and ratings have been devised to evaluate 

the potential of groundwater contamination (Aller, et. Al, 

1987, p.46).  

 Weights: A relative parameter value ranging from 

1 to 5, where 1 represents the least significant factor and 5 

represents the most significant factor (Samey, Amina A., and 

Gang, Chen, 2008, p.504). DRASTIC model assumes that all 

the contaminants move vertically downwards with the water 

and are introduced at the soil surface. A combination of 

variable weights have been evaluated and based on the results 

obtained a specific weight has been assigned to each 

DRASTIC parameter on the basis that each weight determines 

the relative significance with respect to pollution potential 

(Table 1). 

 Ranges: Each DRASTIC factor has been divided 

into either ranges or significant media types that have an 

impact on contamination potential. 
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 Ratings: Ratings reflect the relative significance 

of classes (1 to 10) within each of the seven parameters. 

Ratings are taken from U.S. Environmental Protection Agency 

(USPEA, 1993, p. 127) since the ratings depend on physical 

character of the parameters which are more or less constant.  

Determination of the DRASTIC INDEX value 

(pollution potential) for a given area involves multiplying each 

factor rating by its weight and adding together the resulting 

values. Higher sum values represent a greater potential for 

pollution or greater vulnerability of the aquifer to 

contamination. The total impact factor score, the DRASTIC 

INDEX can be calculated as: (Hammouri, N. and El-Naqa A., 

2008, p.92).  

DRASTIC Index = DrDw + RrRw + ArAw + SrSw + TrTw 

+ IrIw + CrCw 

where: r = Rating for area being evaluated. (1-10), w = 

Importance weight for the factor (1-5). 

4. Objective of Study  

The main objective of this study is to provide a spatial 

analysis of the elements and conditions under which 

groundwater of the Khanyounis Governorate may become 

contaminated, and to find out the groundwater vulnerable 
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zones to contamination in the aquifer of study area using the 

DRASTIC model.  

5. Area of Study 

     Khanyounis Governorate is a part of the Gaza Strip. 

It is located in the south of the Gaza Strip, (Figure 1), bound 

by Deir al Balah to the north and Rafah in the south. It covers 

an area of about 111 km2 (about 31% of the Gaza Strip total 

area). According to the Palestinian Central Bureau of Statistics 

(PCBS, 2008, p.17), the population of Khanyounis in 2007 

was 270,979 inhabitants (about 19.1% of the Gaza Strip total 

population). The built-up area occupies an area of about 17.57 

km2, while the agricultural lands cover an area of about 63 

km2.  The area is generally flat with topographic elevation 

ranging from mean sea level (MSL) in the west to about 100 m 

above MSL in the east (Figure 2). There is a five month period 

in winter (November-March) with a rainfall surplus. The rest 

of the year, evaporation greatly exceeds the rainfall. The 

annual average rainfall in the Governorate is more than 300 

mm. On an average there are less than 30 rainy days in the 

year (Ministry of Agriculture, 2008, Unpublished data).    
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FFiigguurree  ((11))  LLooccaattiioonn  mmaapp  ooff  KKhhaannyyoouunniiss  GGoovveerrnnoorraattee  

((TThhee  SSttuuddyy  AArreeaa))  

             Source: by researchers 
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FFiigguurree  ((22))  TTooppooggrraapphhyy  ooff  tthhee  SSttuuddyy  AArreeaa  

               Source: by researchers 
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The aquifer of Khanyounis is a part of the Gaza Strip 

Pleistocene coastal aquifer. Its average thickness ranges from 

60 m in the east to about 140 m at the coastline. The aquifer is 

mainly composed of gravel, calcareous sandstone, clay and 

unconsolidated sands (sand dunes). Near the coast, coastal 

clays extend about 2-4 km inland, and divide the aquifer 

sequence into three sub-aquifers (Figure 3). Towards the east, 

the clay pinch out and the aquifer is largely unconfined 

(Palestinian Water Authority (PWA), 2000, p.7). In fact, the 

natural conditions (Unconfined condition and shallow water 

table near the coast) allow the entry of contaminants through 

the surface. So, the groundwater vulnerability will be 

evaluated for the Pleistocene aquifer. This aquifer represents 

the most important water bearing formation. 
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FFiigguurree  ((33))  Hydrological Cross-Section of Khanyounis Governorate 

Aquifer. 
Source: PPWWAA,,  22000011 

6. Methodology and Data 

Groundwater vulnerability maps are designed to show 
areas of greatest potential for groundwater contamination on 
the basis of hydro-geologic and anthropogenic (human) 
factors. The maps are developed by using computer mapping 
hardware and software called a geographic information system 
(GIS) to combine data layers such as soils, and depth of water 
table. Usually, groundwater vulnerability is determined by 
assigning point ratings to the individual data layers and then 
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adding the point ratings together when those layers are 
combined into a vulnerability map. The seven maps needed for 
the DRASTIC model were prepared and built using available 
hydro-geological data with the help of ArcGIS 9.3. The 
methodology flow chart is shown in Figure (4).  

The required data were obtained from different sources, 
including the Palestinian Water Authority (PWA), contour 
map for the study area, Ministry of Agriculture (MOA), and 
Ministry of Planning and International Cooperation (MOPIC).  

 

 

 

 

 

 

 

 

 

 

FFiigguurree  ((44))  FFllooww  cchhaarrtt  ffoorr  ggrroouunnddwwaatteerr  vvuullnneerraabbiilliittyy  aannaallyyssiiss  

uussiinngg  DDRRAASSTTIICC  mmooddeell    
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7. Results and Discussion  

7.1 Depth to Water Table 

Depth to water table is a significant parameter of the 

DRASTIC model controlling the ability of contaminants to 

reach the groundwater or aquifer. A shallow depth to water 

table will lead to higher vulnerability rating.  

Depth to water data (for 199 drinking and agricultural 

water wells) was obtained from summary of Palestinian 

hydrologic data report; vol. 2 Gaza (PWA, 2000, pp.69-474). 

Depth to water table in the study area varies between 3 m in 

the west to 96 m in the east. Range values of depth to water 

table are divided into ten levels from <12 m to depth of >92 m. 

The highest rating values are assigned to depth to water levels 

that are nearer to the surface and more vulnerable to 

contamination. The weight of depth to water table index (Dr 

Dw) is at a value of 5 indicating the relative importance of this 

model element (Table 2). 
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TTaabbllee  ((22))  RRaannggee,,  RRaattiinngg  aanndd  WWeeiigghhtt  ffoorr  DDeepptthh  ooff  WWaatteerr  iinn      

KKhhaannyyoouunniiss  AAqquuiiffeerr      

Range Percent of Wells Rating Index Area (%) 

 < 12 24.62 10 50 14.89 
 13 – 22 1.51 9 45 3.88 

23 – 32 11.06 8 40 3.35 

33 – 42 11.06 7 35 9.49 

43 – 52 11.06 6 30 4.96 

53 - 62 14.57 5 25 8.79 

63 – 72 10.05 4 20 22.18 

73 – 82 9.05 3 15 15.41 

83 – 92 5.53 2 10 12.19 

> 92 1.51 1 5 4.85 

DRASTIC Weight = 5 Pesticide DRASTIC Weight = 5 

 

Divided into ten categories based on the depth to water 
element within the DRASTIC model, statistical data shows 
that the majority of wells are at a depth greater than 22 m. This 
accounts for 74% of the total wells considered in the analysis. 
The highest percentage of wells, at about 25%, falls within the 
<12 m range. These wells are located in the west of 
governorate where the sand dunes layer sequences with a layer 
of sandstone. Wells that are in excess of 92 m account for 
1.5% of all wells. These wells are located in the east of the 
governorate where the sandstone layer is prevailed. 
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The points of well location are converted to create a 

continuous depth to water surface by using the Inverse 

Distance Weighting (IDW) function within the ArcGIS Spatial 

Analyst extension for spatial interpolation in the representation 

of depth to water areas in Figure (5).  

The depth to water table index value (Dr Dw) ranges 

from a value of 5 representing the deepest and least vulnerable 

water level, to 50 where the water table is near the surface. 

Whereas the greatest percentage of wells fall within < 12 m 

range, water depth in the range 63 to 72 m below the surface 

accounts for more than 22% of the total area and the 

predominant depth to water index value (20) impacting the 

DRASTIC model. Overall, about 95% of the area has water 

levels less than 92 m. The deepest water level makes up the 

remaining 5% of the study area. The greatest depth to water 

values is predominantly found in the east of Khanyouns. In 

general, the aquifer potential protection increases with depth to 

water. Piezometric map of the Khanyounis Governorate was 

used to provide the depth to water map (Figure 5). 
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FFiigguurree  ((55))  DDeepptthh  ttoo  WWaatteerr  TTaabbllee  MMaapp  ooff  tthhee  SSttuuddyy  AArreeaa  

        Source: by researchers based upon data of water table (PWA, 2000). 
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7.2 Net Recharge 

 Net recharge is the total amount of water reaching the 

land surface that infiltrates into the soil and then continues to 

percolate through the vadose zone (unsaturated zone) into the 

groundwater, measured in centimeters or inches per year. 

Recharge represents the primary contaminant transport 

mechanism into the aquifer and depends on the soil 

characteristics. A sand or loamy sand will have the maximum 

infiltration capacity, while clay or clay loam may allow very 

small amount of infiltration. The prevailing soils in the study 

area are sand, sandy loam and loamy sand. 

The primary source of groundwater recharge in the 

study area is rainfall. Rainfall data is derived from Khanyounis 

climatic station with 27 years records (1980-2007), and were 

used for computing net recharge (Ministry of Agriculture, 

2008). The annual average rainfall of the study area is 310 

mm/year (12.2 inch/year). According to the Isohyetal map of 

the study area (Figure 6), the average rate of rainfall varies in 

its value during this period from 295 mm/year in the South to 

335 mm/year in the North.  
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FFiigguurree  ((66))  DDiissttrriibbuuttiioonn  ooff  aannnnuuaall  rraaiinnffaallll  ffoorr  tthhee  GGaazzaa  SSttrriipp  

        Source: Al Hallaq, A., & Abu Elaish, B., (2008) 

 



 Dr.Akram Hassan. Al-Hallaq / Dr.Basheer Sofyan Abu Elaish  

34                                                   Vol. 4 - N0.1- Muharram 1433 AH. December 2011 

 

Estimation of annual recharge was accomplished by 
using Williams and Kissel's equation (Jha, M. K. and 
Sebastain, J., 2005, p.3): 

PI = (P – 10.28)2/(P + 15.43) for hydrologic soil gravel 
and sand. 

PI =  (P – 15.05)2/(P + 22.57) for hydrologic soil sandy 
loam and loamy sand. 

Where: PI = Percolation index, and P = Annual average 
rainfall.  

According to the rainfall values, and by using these 

equations, which allows for a minimum and maximum 

recharge value, the rate of recharge of the study area is ranging 

between 1.7 mm per year in the south of the study area and 8.8 

mm per year in the north. Combining rainfall with soil 

permeability, rating values are created that are used to 

compute the recharge index value (Rr Rw) and show recharge 

variation over the study area using the above recharge 

equations. An ascending range and rating scale is devised from 

which an index value can be assigned. The net recharge index 

is weighted at a value of 4. Table (3) and Figure (5) illustrate 

the recharge values. 
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TTaabbllee  ((33))  RRaannggee,,  RRaattiinngg  aanndd  WWeeiigghhtt  ffoorr  NNeett  rreecchhaarrggee  iinn    

  KKhhaannyyoouunniiss  GGoovveerrnnoorraattee    

Range (mm) Rating Index Area (%) 

< 2 1 4 13.54
3 – 4 3 12 32.94

5 - 6 5 20 28.98

7 - 8 7 28 17.91

> 8 10 40 6.63 

DRASTIC Weight = 4 Pesticide DRASTIC Weight = 4 

 

The areas of vulnerability for this parameter are 

identified by recharge index values (Rr Rw) 4 through 40, 

representing the ranges of recharge vulnerability from lowest 

to highest respectively. The vulnerability index value 12 

represents about 33% of the study area, distributed across all 

directions of the study area (Figure 7). The higher and the 

lowest recharge values are mostly associated with soil type, 

and with amount of rainfall. In general, the greater recharge, 

the greater the potential for groundwater contamination 

(Piscopo, G. 2001, p.5). These higher recharge areas combined 

about 25% of the total area.    
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FFiigguurree  ((77))  SSppaattiiaall  DDiissttrriibbuuttiioonn  ooff  NNeett  RReecchhaarrggee  RRaattee  ((mmmm))  

  ooff  tthhee  SSttuuddyy  AArreeaa  

  Source: by researchers 
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The aquifer media has been identified from available 
geological map and cross-sections of the study area. The 
aquifer media refers to the portion of ground capable to yield 
water in pores or to the saturated zone material properties. 
Therefore, the aquifer media affect the flow within aquifer 
which controls the rate of contaminant contact within the 
aquifer. The higher larger grain size and the more porosity 
within the aquifer are the higher the permeability, and thus 
vulnerability of the aquifer. The aquifer media in the study 
area comprised mainly of unconsolidated formations such as 
gravel and sand, and consolidated rock such as sandstone 
(Kurkar). According to DRASTIC standards, the rating of 
aquifer media in the study area varies between 6 for gravel, 
clay and sandstone, and 7 for sand, sandstone and clay (Table 
4). The weight assigned for aquifer media is 3. 

 

TTaabbllee  ((44))  RRaannggee,,  RRaattiinngg  aanndd  WWeeiigghhtt  ffoorr  AAqquuiiffeerr  MMeeddiiaa    

iinn  KKhhaannyyoouunniiss  GGoovveerrnnoorraattee    

Range Rating Index Area (%) 

Gravel, Clay and 6 18 62.64 

Sand, Sandstone and 7 21 37.36 

 DRASTIC Weight = 3 Pesticide DRASTIC Weight = 3 
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The aquifer media index value (Ar Aw) is moderately 
low (18) in areas comprised of gravel, clay and sandstone, and 
is moderate (21) in the areas with sand, sandstone and clay. 
The lowest percent of the study area where the aquifer media 
is partially exposed at the surface consists of sand, sandstone 
and clay at 37%. Gravel, clay and sandstone predominate 
within the study area and make up about 63% of it (Figure 8). 
In general, as the index value increase, vulnerability increase. 

 

 

 

 

 

 

 

 

 

 

 

FFiigguurree  ((88))  AAqquuiiffeerr  MMeeddiiaa  ((GGeeoollooggyy))  ooff  tthhee  SSttuuddyy  AArreeaa  
Source: by researchers based upon hydrogeologic cross-section of the study area. 
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7.4 Soil Media 

Soil media is the upper and weathered portion of the 
unsaturated zone. The characteristics of the soil influence the 
amount of recharge infiltrating into the aquifer, the amount of 
pollutant dispersion, and purifying process of contaminant. A 
number of soil characteristics control the capacity of 
contaminants to move into the groundwater. The thickness of 
soils determines the length of time contaminants reside within 
the media. The texture and structure influence the rate at which 
water percolates through the soil profile. 

The soil data of the study area was derived from the 
results of the mechanical analysis of soil which was done by 
the central laboratory for soil which belongs to the Ministry of 
Agriculture (Ministry of Agriculture, 2000, without page). 
This study depended on the results of 36 samples of soil 
distributed within the study area. Textural classification of a 
soil type provides the necessary information for evaluating the 
rating value that is assigned for the range of soil media, 
reflecting the greatest impact to vulnerability. Referring to soil 
data for the study area, and according to the United States 
Department of Agriculture (USDA) texture triangle software 
which is used to obtain the soil texture class (USDA, 2008, 
http://soil.usda.gov/technical/aids/investigations/texture), 
there are three types of soil: sand, sandy loam and loamy sand. 
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The ratings, DRASTIC weight (2), and Pesticide DRASTIC 
weight (5) are used to determine the final index value (Sr Sw). 
The rating values of soil vary from 9 for sand to 6 for sandy 
loam and loamy sand (Table 5). 

 

TTaabbllee  ((55))  RRaannggee,,  RRaattiinngg  aanndd    WWeeiigghhtt  ffoorr  AArreeaa  SSooiill  MMeeddiiaa  

iinn  tthhee  SSttuuddyy    

Range Rating Index Area (%) 

Sand 9 18 45 54.25 
Sandy Loam 6 12 30 10.62 

Loamy Sand 6 12 30 35.13 

DRASTIC Weight = 2 Pesticide DRASTIC Weight = 5 

 

Sand soil, rated high (18 and 45) in terms of the soil 

media index value is the predominant textural type comprising 

about 54% of the study area. This soil type can be found along 

the study area from west to east, but is particularly prevalent 

west of it in form of sand dunes. Loamy sand and sandy loam 

follows at about 35 and 11% respectively, with moderate index 

value (6). These soil types spread east and southeast of the 

study area (Figure 9).   
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FFiigguurree  ((99))  SSooiill  MMeeddiiaa  ooff  tthhee  SSttuuddyy  AArreeaa  

  Source: by researchers 
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7.5 Topography 

Topography in DRASTIC model refers to the slope of 

the land surface. Topography indicates whether a contaminant 

will run off or remains on the surface long enough to infiltrate 

into the groundwater (Aller, L., et al., 1987, p.45).  Areas with 

low slope tend to retain water for a longer period of time. This 

allows greater infiltration or recharge of water and a greater 

potential for contaminant migration.  

To obtain the slope map, it used a contour map of the 

study area, and using ArcGIS 9.3 options to obtain the 

percentage slope map. As mentioned above, the study area is 

generally flat with topographic elevation ranging from mean 

sea level (MSL) in the west to about 100 m above MSL in the 

east. The slope variation in the study is moderate (< 4% to 

more than 32%), but most of the study area has a gentle slope 

(Table 6). Flat area was assigned high rate because in flat area 

the runoff rate is less, so more percolation of contaminants to 

the groundwater. 
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TTaabbllee  ((66))  RRaannggee,,  RRaattiinngg  aanndd  WWeeiigghhtt  ffoorr  TTooppooggrraapphhyy  

  iinn  tthhee  SSttuuddyy  AArreeaa    

Range (Slope %) Rating Index Area (%) 

< 4 10 10 30 87.860 
4 – 7 9 9 27 3.391 

7 – 11 8 8 24 0.137 

11 – 14 7 7 21 0.015 

14 – 18 6 6 18 2.339 

18 - 21 5 5 15 6.245 

21 – 25 4 4 12 0.003 

25 – 28 3 3 9 0.005 

28 – 32 2 2 6 0.002 

> 32 1 1 3 0.002 

DRASTIC Weight = 1 Pesticide DRASTIC Weight = 3 

    Ratings corresponding to >32% slope have a value of 1, and 
for < 4% slope, a value of 10. The DRASTIC weight and 
pesticide DRASTIC weight assigned for topography are 1 and 
3 respectively. At < 4% slope, the greatest potential exists for 
contaminant infiltration. At > 32% slope, little potential exists 
for infiltration. Distribution of categories across the study area 
is divided nearly equally. It is noticed that the < 4% slope 
range represents about 88% of the study area, while the 
remaining range categories make up 12% of the area (Figure 
10).  
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FFiigguurree  ((1100))  SSllooppee  ooff  tthhee  SSttuuddyy  AArreeaa  

                 Source: by researchers 
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The topography index value (Tr Tw) in this case is just as 
prevalent as the value for less than 4%. So, this area which 
represents 88% of the study area has more potential for 
contaminant retention and in turn infiltration of contaminants. 
The nine categories that comprise the >4 through >32% slope 
range are distributed throughout the remaining of the study 
area.   

7.6 Impact of the Vadose Zone Media 

Vadose zone is defined as that zone above the water 
table which is unsaturated or discontinuously saturated, lying 
between soil layer and water table (Kabera, T. and Zhaohui, 
L., 2008, p.201).  The vadose zone influences on aquifer 
contamination potential, it is essentially similar to that of 
aquifer media, depending on its permeability and on the 
attenuation characteristics of the media (Added and Hamza, 
2000, p.9). If vadose zone is highly permeable, then this lead 
to a high vulnerable rating (Corwin, et al., 1997, p.2166). The 
vadose zone has been identified from available geological map 
and cross-sections of the study area. The vadose zone is 
composed of sand, sandstone (Kurkar), and clay. From table 
(7) the typical ratings, DRASTIC weight (5) and pesticide 
DRASTIC weight (4) are used to determine the final index 
value (Ir Iw) 
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TTaabbllee  ((77))  RRaannggee,,  RRaattiinngg  aanndd  WWeeiigghhtt  ffoorr  VVaaddoossee  ZZoonnee  

  iinn  KKhhaannyyoouunniiss  GGoovveerrnnoorraattee      

Range Rating Index Area (%) 

Clay and Sandstone 5 25 20 28.08 

Sandstone 6 30 24 38.99 

Sand and Sandstone  8 40 32 32.93 

DRASTIC Weight = 5 Pesticide DRASTIC Weight = 4 

 

The vadose zone media is evaluated with 39% of the 
study area controlled by sandstone layer. The sand and 
sandstone account about 33% of the study area. Clay and 
sandstone make up the remaining area (about 28%). The 
sandstone (rating =6), and clay and sandstone (rating =5) are 
moderate vulnerability index value (Ir Iw) and present the two-
thirds of the study area, while the sand and sandstone 
formations (rating =8) are high vulnerability index value and 
present the remaining one-third of the area (Figure 11). 
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FFiigguurree  ((1111))  VVaaddoossee  ZZoonnee  ooff  tthhee  SSttuuddyy  AArreeaa  

                Source: by researchers 
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7.7 Hydraulic Conductivity 

The Hydraulic Conductivity is described in terms of 
aquifer material and its ability to transmit water for a given 
hydraulic gradient. The rate of groundwater flow within the 
aquifer media also controls the rate of contaminant movement. 
Based on PWA data, the hydraulic conductivity in the study 
area varies between 40 and 48 m/day (PWA, 2000, p.9-10). 
According to DRASTIC standard rating (Aller et al., 1987, p. 
46), these values fall in the same category and have the same 
rating. Therefore a local scale was assigned for the rating as 
shown in Table (8). A higher rating is indicative of higher 
hydraulic conductivity. Weighting criteria are reduces from 3 
for the regular DRASTIC model to 2 for the pesticide 
DRASTIC model. The product of rating and weight are the 
final index value (Cr Cw). 

TTaabbllee  ((88))  RRaannggee,,  RRaattiinngg  aanndd  WWeeiigghhtt  ffoorr  HHyyddrraauulliicc  

CCoonndduuccttiivviittyy  iinn  KKhhaannyyoouunniiss  GGoovveerrnnoorraattee    

Range (m/day) Rating Index Area (%) 

40 – 42 4 12 8 13.55 
42 – 44 4 12 8 32.24 

45 – 46 5 15 10 45.63 

46 – 48 5 15 10 8.58 

DRASTIC Weight = 3 Pesticide DRASTIC Weight = 2 
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Data shows that there are four categories of hydraulic 

conductivity index values (Cr Cw) for all aquifers. A range of 

45-46 and 46-48 m/day (rating =5 and 15) is the most 

prevalent value covering more than a half of the study area 

(Figure 12). This is followed by 46% of the area ranging from 

40-42 and 42-44 m/day (rating =4 and 12). According the 

DRASTIC model, high hydraulic conductivity is associated 

with high contamination potential (Aller, et al., 1987, p.46). In 

the study area, the hydraulic conductivity index value is 

moderate (12 and 15). 
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FFiigguurree  ((1122))  HHyyddrraauulliicc  CCoonndduuccttiivviittyy  ooff  tthhee  SSttuuddyy  AArreeaa  

                Source:  (PWA, 2000). 

8. Aquifer Vulnerability  

Aquifer vulnerability analysis was carried out as 
described in DRASTIC model section. Combining the hydro-
geological setting parameters results in a range of numerical 
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values termed the DRASTIC index. Derived by combining the 
seven DRASTIC parameters index values, a range of values 
are developed that have been classified to present groundwater 
vulnerability. Using the DRASTIC model index and the 
pesticide DRASTIC index a composite layer representing the 
study area has been created combining the grid files described 
in Figures 4 through 10 and in Tables 2 through 8.  

According to the DRASTIC model index, the aquifer 
vulnerability ranges from 88 to 190. The values were 
categorized into four classes (Almasri, M., 2007, P. 580). They 
are low (88-114), moderate (115-139), high (140-165), and 
very high (166-190) groundwater vulnerability. Table (9) 
shows the total area covered by each of the class. 

 
 

TTaabbllee  ((99))  DDRRAASSTTIICC  IInnddeexx  vvaalluueess    iinn  KKhhaannyyoouunniiss  

GGoovveerrnnoorraattee    

DRASTIC Index Value Area (%) Vulnerability Zone 

88 – 114 29.74 Low

115 – 139 48.90 Moderate

140 –165 16.19 High

166 – 190 5.17 Very High 
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Figure (13) indicates that western part of the study area, 
the vulnerability to contamination ranges between high and 
very high.  These classes are found in the sand dunes area with 
moderate-high recharge potential, shallow water table and 
permeable soils. These areas require a particular attention in 
regard to future land use decisions.  To the east of the previous 
part and in the south-eastern part, vulnerability to 
contamination is moderate. In the central and the eastern part, 
vulnerability to contamination is low.   

In terms of the pesticide DRASTIC index, statistical 
data grouping has been implemented in order to differentiate 
four categorical index ranges. Index values for this integrated 
model range from 102 to 216. The distribution of the data in 
this model indicates that over 20% of the study area has high 
and very high vulnerability. Moderately vulnerable areas 
comprise about 45% of the area, and the least vulnerable areas  
make up the remaining 35% of the total area (Table 10 and 
Figure 12).  
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FFiigguurree  ((1133))  TThhee  MMaapp  ooff  VVuullnneerraabbiilliittyy  ttoo  CCoonnttaammiinnaattiioonn  ffoorr  

KKhhaannyyoouunniiss  GGoovveerrnnoorraattee  

                Source: by researchers 
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TTaabbllee  ((1100))  PPeessttiicciiddee  DDRRAASSTTIICC  IInnddeexx  VVaalluueess  iinn  

KKhhaannyyoouunniiss  GGoovveerrnnoorraattee    

Pesticide DRASTIC Index Value Area (%) Vulnerability Zone 

102 – 131 35.09 Low 

132 – 159 44.67 Moderate 

160 –188 16.99 High 

189 – 216 3.25 Very High 
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FFiigguurree  ((1122))  VVuullnneerraabbiilliittyy  ZZoonneess  AAccccoorrddiinngg  PPeessttiicciiddee  DDRRAASSTTIICC  

IInnddeexx  ffoorr  KKhhaannyyoouunniiss  GGoovveerrnnoorraattee  

    Source: by researchers 
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From Figure (12), the areas with highest vulnerability 
are found also in the western part of the study area with 
moderate-high recharge potential, shallow water table and 
permeable soils. Moderate and low vulnerability areas can also 
be determined from this Figure.  

Given these results, the model that has emerged can be 
used as a tool for making decisions on where agricultural 
chemical applications pose the greatest potential for 
contaminating groundwater resources. For example, in these 
regions pesticides which might have heavy metals or nitrate-
rich groundwater should not be used in the agricultural fields 
and orchards, since the contaminants may easily leach into the 
aquifer through the vadose zone. The most critical hydro-
geologic parameters that contribute to groundwater 
vulnerability in this study are a combination of shallow depth 
to water, high net recharge, soil type and topography with low 
percent slope. 

99..  CCoonncclluussiioonn  

In this paper, an attempt has been made to determine 
groundwater vulnerability in Khanyounis Governorate. This 
task was accomplished using DRASTIC model. Based on the 
vulnerability analysis and according to DRASTIC index 
values, it was found that about 16% and 5% of the study area 
is under high and very high vulnerability of groundwater 
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contamination ,respectively, while more than 49% and 29% of 
the study area can be classified as an area of moderate and 
low, respectively, vulnerability of groundwater contamination. 
In the other hand, and according to pesticide DRASTIC index 
value, the distribution of the data in this model indicates that 
over 20% of the study area has high and very high 
vulnerability. Moderately vulnerable areas comprise about 
45% of the area, and the least vulnerable areas make up 35% 
of the total area. It is noticed that the western part of the study 
area was dominated by high and very high vulnerability 
classes, while the east of the previous part and in the south-
eastern part, vulnerability to contamination is moderate. In the 
central and the eastern part, vulnerability to contamination is 
low. In these regions pesticides which might have heavy 
metals or nitrate-rich groundwater should not be used in the 
agricultural fields and orchards, since the contaminants may 
easily leach into the aquifer through the vadose zone. 

The GIS technique has provided an efficient tool for 
assessing and analyzing the vulnerability to groundwater 
contamination. The study suggests that this model can be an 
effective tool for local authorities, water authority and decision 
makers who are responsible for managing groundwater 
resources. 
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