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     Alternative Approach for Recognition of Potential 
Ground Water Zones Using GIS and Remote Sensing 
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Abstract 

Today exploration of groundwater in countries with scarce water resources mostly the 
countries having dried and arid climates or those which have depleted their water sources, 
require the implementation of effective tools that save time and money.The occurrence of 
groundwater at any place on the earth is not a matter of chance but a consequence of the 
interaction of the climatic, geological, hydrological, physiographical and ecological factors. 
Groundwater exploration operation is essentially a hydrogeological and geophysical 
inferenceoperation and is dependent on the correct interpretation of the hydrological 
indicators and evidences. Keeping this view, the present study attempts to select and 
delineate the possible groundwater potential zones by identifying the geological structures 
(lineaments) and hydrological properties of the catchment area ( watersheds) surrounding 
the city of Jeddah, Kingdom of Saudi Arabia using remote sensing and GIS technique. 
Satellite imagery Landsat 15m and Aster 30m DEM data have been used in the present study 
to prepare various thematic maps, viz., lineament map, slope, drainage, flow direction, flow 
accumulation and rose diagram based on the lineament calculations. On the basis of these 
derived objectives, the possible sites for the groundwater potential zones have been 
determined. Thus from the parent study it is observed that an integrated approach involving 
remote sensing and GIS technique can be successfully used in identifying potential 
groundwater zones in the study area.The study provides an alternative approach for 
geophysical methods for delineating groundwater, as these methods are too expensive as 
compared to remote-sensing and GIS. 
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1. Introduction 
Linear features on the earth surface have 
been a theme of study for geologists for 
many years, from the  early  years  of  the  last  

century (Hobbs, 1904, 1912) up to now. 
From the beginning, geologists realized that 
linear features are the result of zones of 
weakness or  structural  displacement  in  the  
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crust of the earth.  A lineament is a mappable 
linear or curvilinear feature of a surface 
whose parts align in a straight or slightly 
curving relationship. They may be an 
expression of a fault or other line weakness. 
The surface features making up a lineament 
may be geomorphological, i.e. caused by 
relief or tonal, i.e. caused by contrast 
differences. Straight stream valleys and 
aligned segments of a valley are typical 
geomorphological expressions of 
lineaments. A tonal lineament may be a 
straight boundary between areas of 
contrasting tone. Differences in vegetation, 
moisture content, and soil or rock 
composition account for most tonal contrast 
(O’Leary et al. 1976). In general, linear 
features are formed by edges, which are 
marked by subtle brightness differences in 
the image and may be difficult to recognize. 
On the earth, lineaments could be: 

(1) straight stream and valley, 
(2) aligned surface depressions,  
(3) soil tonal changes, 
(4) alignments in vegetation, 
(5) vegetation type and height changes, or 
(6) abrupt topographic changes.  

All of these phenomena might be the result 
of structural phenomena such as faults, joint 
sets, folds, cracks or fractures. The old age of 
many geological lineaments means that 
younger sediments commonly cover them. 
When reactivation of these structures 
occurred resulting in arrays of brittle 
structures exposed on the surface 
topography. Similarly, the surface expression 
of a deep-seated lineament may be 
manifested as a broad zone of discrete 
lineaments (Richards, 2000). In order to map 
structurally significant lineaments, it is 
necessary first, by careful and critical analysis 
of the image, to identify and screen features 
not caused by faulting (Sabins, 1997). 

The study of lineaments has been applied 
successfully to structural geology studies 
and their applications such as ore forming 
systems, mineral exploration, petroleum, 
nuclear energy facility sittings (Lalor, 1987; 
Woodall, 1993, 1994; O'Driscoll and 
Campbell, 1997; Kutina, 1980; Karnieli et al., 
1996; Mostafa and Zakir, 1996; Arlegui and 
Soriano, 1998; Suzen and Toprak, 1998; Zakir 
et al., 1999), and water resource 
investigations, groundwater studies 
(Lattman and Parizek, 1964; Mabee et al., 
1994; Magowe and Carr, 1999; Fernandes 
and Rudolph, 2001; Hung et al., 
2003).Lineament identification via remotely 
sensed data is achieved by using two 
principal techniques. First, lineament data 
can be extracted using computer software 
and algorithms to enhance techniques for 
image enhancement (image ration, image 
fusion, directional edge-detectionfilters) and 
a lineament vector map can be produced 
using manual digitizing techniques (Arlegui 
and Soriano, 1998; Suzen and Toprak, 1998). 
Second, a lineament map may be produced 
using computer’s software and 
algorithms(Burdick and Speirer 1980, Karnieli 
et al., 1996; Baumgartner et al. 1999, Hung et 
al. 2002, 2003, Kim et al. 2004). 

2. Physical Settings of the Saudi Arabia 
The Arabian Peninsula is situated in arid 
region where water resources are scarce. This 
is attributed to the low rain fall rate (i.e. <200 
mm) besides high evaporation, the influence 
of current dust storms often hides the 
geomorphic terrain surface and destroyed 
surficial hydrological features. 
In arid and semi-arid regions groundwater is 
often the only natural resource for water 
supply. Therefore, stakeholders face great 
challenges in managing this resource in a 
responsible way. The problem is further 
amplified by population growth, increase in 
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agricultural, industrial and municipal water 
consumption, and the threat of climate 
change. Therefore, an optimal use and 
management of the scarce groundwater 
resources is imperative. A prime requisite for 
this is sound understanding of the geology 
of arid and semi-arid regions as well as a 
proper knowledge of the water budget, 
water resources in storage, and water 
quality. Groundwater plays a crucial role in 
arid and semi-arid regions in most parts of 
the world especially in Saudi Arabia. 
However, in Saudi Arabia most arid and 
semi-arid regions are underlain by crystalline 
basement rocks and groundwater 
development is complicated by the high 
variability of geological and hydrogeological 
settings of the basement aquifers. The area 
of Saudi Arabia is about 2.25 million Km2. 
Majority of this area is covered by deserts. 
Deserts cover the middle and east part of the 
country. Mountains are exposed in the West, 
South, and North West parts. The basement 
of Arabian Shield consist igneous and 
metamorphic Precambrian rocks that are 
exposed in the west, northwest and 
southwest parts of the Arabian Peninsula. 
The Arabian Shield is narrow in the north and 
south. In the north the width is about 50-
100km and in the south the width is about 
200 km. In the middle the width reaches its 
maximum about 700km shown in the 
Arabian shield (Figure-1). 

 
Figure 1:- The Arabian Shield. 

The situation is not good because the 
basement of Saudi Arabia is covered by 
crystalline complex rocks, due to which 
water shortages are prevailing due to 
unreliable surface water supplies. There has 
been comparatively little research 
conducted on the occurrence of 
groundwater in the crystalline basement 
aquifers, despite its significance in mitigating 
problems of water shortages in arid regions. 

Water is one of the most precious gift with 
which nature has blessed mankind. Water is 
absolutely vital for the sustenance and 
maintenance of life. The ever-increasing 
population and the need for security, it is 
realized that the water and land resources 
need to be developed, used and managed in 
an integrated and comprehensive manner. 
The high spatial resolution remotely sensed 
data coupled with topographical data 
analysis procedures have high effective toll 
to understand and manage the natural 
resources. It provides the real time and 
accurate information related to distinct 
geological formation, landforms and helps in 
identification structures within Geological 
formations, for locating drainage channels, 
to evaluate the ground water potential 
zones, which are altered by natural forces of 
human activities. GIS is an effective tool to 
analyze spatial and non-spatial data on 
drainage, geology, landforms parameters to 
understand their interrelationship. The 
concept of integrated Remote Sensing and 
GIS has proved to be an indispensable tool in 
integrating urban planning and 
groundwater studies. Hydro-
geomorphological studies coupled with 
hydrogeological and structural/lineament 
have proved to be very effective tool in 
discerning groundwater potential zones. 
Many workers in different parts of the world 
have followed different techniques for 
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generating thematic maps on geology, 
hydrogeology, integrating the data to select 
favorable sites for groundwater recharge 
(Johnson and Sneigocki, 1967; Vecchioli et. 
al., 1974, Weston and Swain, 1979). 
Though the use of Remote Sensing and GIS, 
suitable areas for recharging basement 
aquifers can be delineated which have 
porous lithology, maximum fractures, highly 
weathered region and regions of null slope. 
The exploration of surface features by 
integrating the remote sensing data and GIS 
techniques proved to be essential in 
identifying aquiferous zones for potential 
groundwater exploration from the basement 
rock. This study provides preliminary 
information which will enhance the success 
of the quantitative subsurface geophysical 
investigation that will subsequently follow 
the study. 

3. Petrography of Saudi Arabia 
a) Igneous and Metamorphic 

Form 1/3 of the area and exposed in the 
west, northwest and southwest. 

b) Sedimentary Cover 
Form 2/3 of the area and covers the north 
and east parts. 

4. Characteristics: 
I. The age of the Arabian Shield ranges 

between (400-1000 million years). Some 
may also date to 1600 million years. 

II. The Arabian Shield is a segment of the 
Nubian Shield which has been 
separated in the Early Tertiary by the 
formation of the Red Sea. 

III. Rock units of the Arabian Shield were 
subjected to many deformations and 
metamorphic processes that change 
most of their characteristics. 

5. Study Area 
Jeddah is located along a coastal plain, 
which ranges in width from 5 to 10 km, thus 
limited from east by a number of mountain 

chains with average altitude of about 200 m 
shown in study area (Figure-2). A number of 
valleys exist in the mountainous region and 
extend to the slopes into the surrounding 
flat regions. In the area of study, the 
presence of mountain chains provide a 
characteristic approach to delineate the 
present geological structures, the presence 
of lineaments reflects the presence of 
passages which nourish the underground 
water availability. These lineaments surely 
represent the possible sites for faults and 
fractures present on the terrain which acts as 
underground seepage or passages through 
which water moves down, and increases the 
underground water potential of the surface. 
The presence of large number of lineaments 
provides a characteristic change in the water 
table of the region. The increasing 
underground water potential will have an 
increasing downward movement of water 
through the rock formations along the slope 
where ever, there is gradient difference. Thus 
there arises two cases, firstly the water 
becomes stored in the rocks forming the 
potential reservoirs and secondly will surely 
become part of down reaches which 
overloads the water holding capacity of the 
ground surface and results in accumulation 
of water in the city. 

 
Figure 2: Showing the study area. 
The presence of large number of watersheds 
on the three geographical directions and sea 
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on the other side adds more and more 
pressure, surely due to the overloaded water 
holding capacity of the ground surface. 
Without the development of sophisticated 
techniques to withdraw water from the 
potential upper reaches which is present 
between the rock formations, for economical 
purposes and the establishment of well-
developed channelized systems which will 
pour the water in to the sea, without the 
backflow. Until or unless, these two 
observations should be keenly measured by 
more research in this field to withstand 
against the natural hazards and with the use 
of GIS and remote sensing at least some 
initiative should be accounted in the 
concerned area. 
This research work focus on developing the 
remote sensing and Geographic Information 
Systems (GIS) methodology for regional 
groundwater potential evaluation. The 
regional study is important because, with 
small-scale satellite imagery such as Landsat 
ETM+, the ‘noise’ caused by the detailed 
information provided by aerial photography 
disappears (Arlegui and Soriano 1998).  
The essence is to provide information that 
will point toward areas where untapped 
water supplies may be located in the future. 
This will result in recognition of sites for 
potential groundwater development across 
the city. 
The principal hydrologic and geomorphic 
specifications of the existing drainage basins 
were studied using GIS and utilized from 
DEM applications. Therefore, different 
measures were obtained, including length, 
area, basin width/outlet ratio, drainage 
density and slope. This will help 
characterizing these basins and find out the 
relationship between these specifications 
and the regions where flood has taken place. 
The geology of the study area was analyzed 
depending mainly on the existing geological 

maps (1:250000). The dominant rock types 
are attributed to the Precambrian rocks, 
which are widely distributed in mountainous 
region where granite syenite and 
granodiorite are exposed. These rocks are 
appear in massive and thick bedded aspects 
that characterized by high fractures. In 
addition, Quaternary rocks also exist, but 
almost in the coastal plain and valleys. In this 
respect Aster images were useful in fracture 
identification and terrain analysis. 

The area of study is known by wide and deep 
valleys, which are mostly fault-controlled 
geomorphologic features. These valleys are 
usually filled with friable sediments derived 
by Aeolian erosion. The thickness of these 
deposits reaches up to several meters, such 
as the thick sediments of Wadi El-Hefna. 

6. Objectives 
The objectives of this study are to: 

1. Produce a regional structural lineament 
map of the study area from remotely 
sensed data 

2. Determine the hydrogeological and 
lineament interactions  

3. Analyze the lineament trend 
distribution of the study area using rose 
diagram and lineament intersection 
map. 

4. To study the hydrological properties of 
the Basin 

7. Methodology 
The imagery used comprised subsets from 
an original image of the Landsat 7 Enhanced 
Thematic Mapper Plus (ETM+) of 2002, 2003 
and 2009 respectively. Landsat 7 ETM+ has 
an extra 15-m panchromatic (Pan) band and 
Aster DEM. The Landsat images of the years 
2002, 2003) and also Aster digital elevation 
model (DEM) of Jeddah were downloaded 
free from (USGS Earth Explorer). The imagery 
was referenced using the identifiable 
features such as road junctions and bends on 
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the topographical map of the study area. The 
study area was then subsetted and used for 
the lineament mapping. The methodology 
for lineament extraction is given in (Figure-
3). 

 
Figure 3: Showing methodology for 
lineament extraction. 

8. Lineament Mapping 
A lineament is a commonly used term in 
geological remote sensing. Nevertheless, it is 
still misleading, since similar features on 
satellite image or aerial photos exist, which 
can create confusion between geologic and 
non-geologic features. Lineaments were 
delineated by using computer software (PCI-
Geomatica). Lineament mapping is normally 
undertaken of ridge lines, scarp faces and 
river passages, straight drainage channel 
segments, pronounced beaks in crystalline 
rock masses and aligned surface depressions 
(Koch and Mather 1997 and Hung et al. 
2005). For the study area, the main interest 
was topographically negative lineaments, 
which may represent joints, faults and 
probably shear zones (Juhari and Ibrahim 
1997, and Koch Mather 1997, Solomon and 
Ghebreab 2006). To eliminate the non-
geological elements such as paths, roads, 
power cables and field boundaries in the 
study area, geographical map and visual 
interpretation methods have been applied. 
The interpreted lineaments from the fused 
imagery of 2002, 2003 and 2009 were 
obtained by using the (PCI-Geomatica Image 

Processing software). The software has the 
capability to automatically extract the 
lineaments observed on the image. The 
extracted lineaments from the raster imagery 
have been obtained in the form of Esri-Shape 
file. The interpretation underwent further to 
eliminate any unnecessary lineaments using 
the topographical features of the study area. 
Only those features in both images have 
been delineated that resemble lineaments. 
Although Suzen and Toprak (1998) 
suggested that band 7 should be used, upon 
inspection of both imageries, and band 4 
was found to be the best in showing textural 
features. Use of band 4 was also suggested 
by Juhari and Ibrahim (1997), Pradeep et al. 
(2000) and Syed and Saied (2004) lineament 
interpretation. This suggestion is based on 
the good overall contrast and sharpest 
definition of linear geological features 
compared to other bands. Band 4 was also 
subjected to a non-directional edge-
enhancement filter prior to further 
interpretation (Juhari and Ibrahim 1997). 
After all the lineaments were interpreted, 
they were draped over the raster imager to 
match the exact surfaces on the terrain. 

9. Lineament Analysis 
The mapped structural lineaments were 
analyzed graphically. These linear features 
represent the potential surfaces, by 
providing the easy passage for the water to 
seep down by infiltration. The lineaments 
where automatically extracted by using PCI-
Geomatica software, 15m resolution 
Landsat-7 satellite images were analyzed for 
the years (2002, 2003 and 2009 which were 
downloaded from the USGS Earth Explorer). 
The lineaments were obtained by running 
certain image processes on the raster 
images. The PCI-Geomatica has the ability to 
automatically compute, extract and display 
the observed lineaments based on certain 
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algorithms. The lineaments obtained have 
been saved to Esri- shapefile format. The 
extracted lineaments can be visualized as 
linear geological features in (Figure-4). 

 

Figure 4: Showing the Lineaments Extracted 
from 15m resolution Landsat-7 Satellite 
Imagery.    

10. Lineament Matching 
The automatically extractedlineamentshave 
been obtained for the bands red, green and 
blue respectively and have been filtered to 
remove the misleading ones by image 
visualization process by overlaying the 
output shapefile of extracted lineaments on 
the original raster image. The overlaying 
provides the exact matching and interaction 
of automatically lineaments with the raster 
surface; those linear features which are 
misleading are filtered and excluded from 

the shapefile. The exact matching of the 
lineaments over the raster surface can be 
seen in (Figure-5). 

 
Figure5: show the exacting matching of the 
observed lineaments over the raster surface. 

11. Calculated Evaluations and Rose 
diagram 

The output shapefile for the extracted 
lineaments is being used in the Esri 
environment to calculate and evaluate 
values. Esri is used to calculate the 
coordinates for the observed lineaments for 
various graphical observations. The 
calculated values for the coordinates are 
then analyzed in RockWorks-16 geological 
software to obtain the values and generate 
the rose diagram from the lineament values. 
The evaluated values for the extracted 
lineaments representing (XY) coordinates for 
the lineaments which are shown in (Table-1). 

Table 1: Shows Evaluated XY Coordinate Values calculated from the extracted lineaments. 
Linea-
ments X1 Y1 X2 Y2 Bearing 

Text xy_UTM_ 
METERS 

xy_UTM_ 
METERS 

xy_UTM_ 
METERS 

xy_UTM_ 
METERS 

Text 

1 -88768 2370440 -880273 2371170 110 
5 -91093 2371200 -90958 2370660 62 
4 -91093 2371220 -90958 2370680 62 
4 -90388 2371830 -89503 2371640 172 
6 -91747.5 2372140 -91633 2371890 51 
5 -91747.5 2372140 -91543 2371760 47 
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3 -91558 2372300 -91018 2372190 172 
5 -91843 2372330 -91747.5 2372140 48 
6 -91843 2372360 -91747.5 2372140 52 
7 -91153 2372280 -91753 2372420 173 

From these calculated values rose diagrams 
are obtained, the diagrams are obtained on 
the basis of frequency, showing the 
alignment of the lineaments on the basis of 
frequency with statistical summary which are 
shown in (Figures-6a & 6b). 

 
Figure 6a: Showing Frequency rose diagram.                               

 
Figure 6b: Showing statistical summary. 

The above rose-diagram and its statistical 
summary show the frequency of extracted 
lineaments along all possible directions. The 
rose-diagram obtained is a bidirectional 
frequency diagram delineating the direction 
of these lineaments between east, west, 
north and south. And on the basis of length, 
rose-diagram for the extracted lineaments 
shows minor and major lengths in all 
possible directions. The rose-diagram 
obtained on length with the statistical 
summary for the length is shown in (Figure-
7a & 7b). 

 
Figure7a: Showing length based rose 
diagram.    

The obtained results delineate that if proper 
methods will be applied, these extracted 
linear geological structures provide the 
highest possibility to find the potential 
ground water zones for identification and 
evaluation. In this study the integrated 
approach of remote sensing and GIS is 
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applied to delineate the possible high 
accumulation zones by studying the 
hydrological conditions of the study area 
and interaction of lineaments with the 
drainage pattern.        

 
Figure 7b: Showing calculations based on 
length. 

Thus the evaluated results for lineaments 
have been correlated with the watershed 
analysis of the current study area to 
determine the effect and importance of 
these linear features for hydrological 
modeling of the study area. 

 
Figure 8: Showing the Digital Elevation 
Model of Study Area. 

12. Hydrological Analysis 
The hydrological analysis of the study area 
has been analyzed from Aster 30m(Digital 
Elevation Model) which have been 
downloaded free from (USGS Earth-Explorer). 
The data obtained is then projected to the 
desired datum (Ainalabd_UTM_1970-Zone-
38). The hydrological properties for 
watershed of the studied area have been 
obtained in Esri environment, which provide 
the sophisticated tools to carry out the 
hydrological analysis. 

The Digital Elevation Model (DEM) of Jeddah 
shown in (Figure-8). The digital elevation 
model of the studied area has been masked 
to extract the wadis surrounding Jeddah city 
to study the hydrological properties of the 
basin. The masked digital elevation model 
shows catchment area whose hydrological 
properties have been analyzed.There are 24 
basins (i.e., watersheds) in the context of the 
flooded area in Jeddah and it surrounding. 
Most of these basins form a funnel-like 
shape, and sometimes with an obvious 
elongation as a result of tectonic activities in 
the area. Sixteen of these basins open 
towards Jeddah city in the west and the rest 
open in the southwest direction and almost 
towards Wadi Fatima, a large rift valley. The 
total area of these basins is about 688 km2. 
Among these basins, there are seven basins 
(number 6, 10, 13, 15, 16, 17 and 23) that 
characterized with incomplete configuration, 
which have no specified shape, and thus 
unidentified outlet, notably when they open 
into urban areas showing in (Figures9a & 9b)  
the watersheds of the surrounding the city 
and the observed drainage pattern of the 
study area. The identified basins are 
considered as small-scale ones, since all of 
them are less than 100 km2 in area except 
Wadi Elasla, the biggest one, with 
approximately 299 km2 and it joins seven 
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sub-basins. However, these basins together 
compose a unique geomorphologic feature 
appears as a huge rocky basin surrounded by 
mountain chains. 

 
Figure 9a: Showing the watershed 
surrounding the Jeddah city.      

 
Figure 9b: Showing the drainage pattern. 

These chains are geologically-controlled and 
forming a triangular orientation. This 
geomorphic feature is almost closed, except 
some channeling systems towards Jeddah 
city to the west and Wadi Fatima to the 
south. Therefore, rainfall water accumulates 
in this basin, whose valleys are filled by thick 
sediments, and when these sediments are 
oversaturated with water they tend to move 
downward along valleys to outlet into the 

adjacent hill slopes of Jeddah city and Wadi 
Fatima. 

13. Aspect Map 
The aspect map of the study area provides 
the downslope direction of the maximum 
rate of change in value from each cell to its 
neighbors. The aspect map shows the 
highest reaches as dark blue and lower 
reaches as yellowish, thus the direction of 
slope can be interpreted from the change of 
coloring pattern from darker to light. The 
values of the output raster will be the 
compass direction of the aspect and aspect 
map of the wadis surrounding the Jeddah 
city is shown in (Figure-10a). 

 
Figure 10a: Showing Aspect of the basin. 

14. Slope Map 
The slope map of the study area provides the 
actual (gradient, or rate of maximum change 
in z-value) from each cell of a raster surface 
and provide the actual situation of the area. 
The slope and aspect maps are very 
important as they provide the direction and 
the depth of the slope, and delineate the 
actual direction of flow. The slope of wadis 
surrounding the Jeddah city is shown in 
(Fingure-10b). The estimated orientation 
data of watersheds surrounding Jeddah city 
is calculated from aspect and slope map and 
interpreted in the form of dip amount and 
dip direction as shown (Table-2). 



Abdalla Alobeid et al. 

20 
 

 
Figure: - 10b: Showing slope of the basin. 

Table 2: Showing the Dip amount and Dip 
Direction data. 

The values evaluated from aspect and slope 
map of the Jeddah basin is analyzed as 
orientation data in Georient Software to 
obtain the stereo projections or the 
orientation of wadis with dip amount and 
dip-direction. The values for dip amount and 
dip-direction have been evaluated in the 

Georient Software to obtain the gridded 
orientation of the wadis surrounding Jeddah. 
The graphical representation of the 
orientation data is shown in (Figure:-11). 

 
Figure 11: Showing the Orientation Data of 
the Wadis. 

15. Flow Analysis 
The masked DEM obtained from Aster has 
been subjected to various hydrological 
analysis to study the direction of flow and 
flow accumulation in order to delineate the 
potential zones where possibilities of ground 
water resources are high and which can be 
used to withdraw water at economical rate. 
The same approach can be applied to other 
regions of the country to deal with the less 
availability of water during high temperature 
conditions. The hydrological analysis of the 
study area provides the high accumulation 
zones where the availability of the water is 
very high. It is clearly analyzed, that with the 
use of remote sensing and GIS, the structural 
features can be delineated to derive out 
various benefits. This study is just the 
beginning in this regard, if proper focus and 
research work should be executed it will 
provide fruitful results solving various issues. 
The flow map showing the stream order and 
the direction of flow in (Figure-12). 

Sl. No  Dip Amount Dip-Direction 
1 127.875 2.639729 
2 232.695999 2.639729 
3 97.431396 6.09354 
4 356.986999 5.35818 
5 3.012789 6.583 
6 96.632499 4.39336 
7 163.216995 5.002009 
8 230.194 1.389829 
9 196.699005 3.614209 
10 88.090896 2.417409 
11 75.963798 6.920509 
12 90 2.863379 
13 207.897003 3.70178 
14 127.694 2.227139 
15 11.0235 6.414529 
16 18.4349 9.012419 
17 253.072006 2.92804 
18 159.944 2.782829 
19 63.8861 7.72208 
20 177.274002 19.009099 
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 Figure 12: Showing the direction of flow 
and net accumulation in the studied area.                                                      

The flow analysis carried out also provides 
the accumulation zones, which can be easily 
interpreted from the accumulation map. The 
accumulation zones are the major sites 
where the possibilities of finding the 
potential surfaces are higher and can be 
easily interpreted and located once the 
accumulation-log for the study area have 
been obtained. The high accumulation water 
potential zones are shown in (Figure-13). 

 
Figure13: Showing high accumulation water 
potential zones.  

16. Interaction of lineaments and high 
potential accumulation zones 

The extracted geological linear features and 
flow accumulation zones delineate the high 
possibilities where water gets trapped inside 
the basement, through these natural 
alignments.As they act as the easy passages 
for the precipitation water to move 

downwards and become the part of 
basement. Thus the interaction of both the 
lineaments and flow pattern of the area 
shows high possibilities of potential ground 
water zones. Remote sensing and GIS has 
provided such facilities which are beyond 
our imagination, with more advancement in 
these fields definitely solve various issues of 
mankind, if used in proper way. The (Figure-
14) shows the interaction of the lineaments 
and high potential accumulation zones. 

 
Figure 14: Showing interaction of 
lineaments & accumulation zones. 

17. Algorithms applied for the calculation 
of potential accumulation and net 
accumulation using Computer 
Software. 

The mathematical algorithms provide the 
accumulation log for the input raster and the 
net accumulation by applying certain map 
algebras. 
i. Log 10 (“input raster layer”) 

ii. Con (“input raster layer” > = 2, “input 
raster layer”) 

The algorithm calculates the Net Flow 
accumulation from the input raster. 

18. Benefits from the study 
The study was carried out with the aim to 
use the applications of remote sensing and 
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GIS for identification of geological structures 
to identify the ground water potential zones. 
The reached towards the goal by observing 
linear geological features of the study area, 
to delineate potential surfaces as: 
 Lineaments are observed which intersect 

the raster surface and represent those 
zones where the possibilities of water 
seepage is more to become the part of 
the basement, thus if latest geophysical 
methods will be applied the water can be 
withdrawn from their potential zones or 
entrapped within the geological 
formations 

 Hydrological analysis of the study area 
provided certain accumulation zones 
which were estimated by applying certain 
map algebras or log algorithms from 
spatial analysis tool of ArcGIS using map 
algebra tool by applying Log 10 (input 
raster layer) and Con (input raster layer > 
= 2, “input raster layer”), these zones 
show high possibilities of accumulation, 
which is again an asset to focus on these 
high accumulation zones. With the 
advanced sub-survey methods these high 
potential zones can be utilized to 
withdraw water at an economical rate. 

19. Conclusions 
No doubt the study provided broader 
spectrum about the identification of high 
potential water zones but simultaneously 
the study visualizes us about the natural 
disasters which the city of Jeddah is 
surrounded. Al most the city of Jeddah is 
surrounded by wadis and other side by sea. 
During high precipitation or even moderate 
the water will move directly towards the city 
as run-off, due to the presence of hard 
basement rocks in the studied wadis. The 
runoff water will directly influence the city as 
the water absorbing capacity of the soil will 
be less due to changing basement with the 

increasing infrastructure and will remain 
continuously changing with increasing 
population and changing living styles of the 
people. The state of architecture is 
constantly changing due to which the 
basement of the terrain also gets altered 
continuously, which affect the water holding 
capacity of the underground surface, the 
water remains localized in the upper surface. 
Thus the accumulation of runoff water in the 
city due to altered basement and the 
increasing sea-level changes always is a 
matter of concern for the area, until or unless 
there is quick need for the establishment of 
well-developed channel system which will 
carry the runoff to certain artificial reservoirs 
and divert the bi-directional influence on the 
city. Secondly, threat from the high sea level 
can be dealt with the formation of solid 
embankments which can withstand to 
prevent the city from changing water levels. 

Remote sensing has proved to be a useful 
tool in lineament identification and 
mapping. This study demonstrates the 
Enhanced Thematic Mapper Plus (ETM+) 
satellite data obtained over two acquisition 
dates in 2002, 2003 and 2009 with Digital 
Elevation Model (DEM) from Aster, for the 
lineament interpretation in Basement 
Complex environment. A digital elevation 
model was used to improve the 
interpretation. And preparation of various 
thematic maps geology, drainage pattern, 
hill shaded relief, flow accumulation and 
watershed to determine the groundwater 
potential zones of the studied area. Satellite 
remote sensing provides an opportunity for 
betterobservation and more systematic 
analysis of various geomorphic 
units/landforms/lineaments due to the 
synoptic andmulti-spectral coverage of a 
terrain. Investigation of remotelysensed data 
for drainage map, geological, 
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geomorphological and lineament 
characteristics of terrain in an integrated way 
facilitates effective evaluation of ground 
water potential zones.Similar attempts have 
been made in the generation of 
differentthematic maps for the delineation of 
groundwater potentialzones in different 
parts of the Kingdom. The results of the 
analyzed lineament/ fracture indicated that 
the area has numerous long and short 
fractures whose structural trends are mainly 
in north-east and south-west direction. The 
cross cutting lineaments are relatively high 
areas around the central, north-eastern and 
south western parts of the study area but 
low in the other areas. The zones of high 
lineament intersection density are feasible 
zones for groundwater prospecting in the 
study area. We found that most of the major 
orientations in the field station could be 
successfully detected from the remotely 
sensed imagery. The results from the study 
show that the remote sensing technique is 
capable of extracting lineament trends in 
inaccessible zones. It is therefore suggested 
that the high lineament intersection density 
should be combined with detailed 
geoelectrical survey for quantitative 
evaluation of the groundwater potential of 
the study area. 
The masked DEM obtained from Aster has 
been subjected to various hydrological 
analysis to study the direction of flow and 

flow accumulation in order to delineate the 
potential zones where possibilities of ground 
water resources are high and which can be 
used to withdraw water at economical rate.  
The study provided an example of GIS tools 
and remote sensing in identifying promising 
sites for groundwater exploration. These 
results showed that sites with possible high 
yield were related to moderate intervals of 
lineament and drainage pattern. The study 
showed that GIS tools were very useful in 
refining the intervals of lineament and flow 
directions in identifying the most promising 
sites for groundwater exploration. Remote 
sensing data, on the other hand, could 
provide important information on geology 
and topography. There- fore, these tools and 
data sources would be recommended for 
groundwater exploration, as they would 
provide timely and cost effective tools for 
identifying and narrowing the target areas 
for groundwater exploration before carrying 
out further investigations.With the advanced 
sub-survey methods these high potential 
zones can be utilized to withdraw water at 
an economical rate.  
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