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ABSTRACT 
Groundwater was recognized as one of the most valuable natural resources, immensely important and 

dependable source of water supply in all climatic region of all over the world. The general objective of 

this study was to delineate groundwater potential zones of Sululta and Surrounding watershed using 

Geographical Information Systems and Remote Sensing techniques. The present study integrated the 

thematic layers viz., Geomorphology, geology, soil, slope, Land use/Land cover, drainage density, 

lineament density, rainfall and other related features to delineate the groundwater potential zones using 

geo-informatics techniques. Integration of various themes was achieved through the development of a 

models/assigned weightages delineates groundwater potential zone and finally to generate a composite 

map. About 20 bore wells yield data had been collected to quantify the yield from groundwater potential 

zone map derived from geo-informatics. The final result map was reclassified into four groundwater 

potential zones by integrating GIS and Remote Sensing techniques and weighted overlay analysis with 

Analytical Hierarchy Process (AHP) methods. The classifications are very high, high, moderate, and low 

groundwater potential zone.Weight age and ranking scores are assigned to each thematic layer with 

respect of influencing rate of water percolation. Finally, weight age, multiply by ranking and computed all 

the multiply values for delineate of groundwater potential zones.The produced result was verified by 

comparing with the existing groundwater borehole databases developed by the Department of Minerals 

and Geoscience, Malaysia (JMG). The results show that there are good agreement between the predicted 

groundwater potential map and the existing groundwater borehole database. The study concludes that 

majority of the area covered by very high potential zones as it is supported by the statistical data of 

groundwater borehole wells and the new generated predicted groundwater potential map. The study 

suggested that, generated GWPZM will serve as useful guidelines for planners, engineers and decision 

makers providing quick decision- making in the management of groundwater resources. 

 

Keywords:Ground water Potential Zone, Remote Sensing, Geographic Information Systems 

 

I.INTRODUCTION 

Groundwater is one of the most valuable natural resources supporting human health, industrial and 

ecological diversity (Waikar&Nilawar, 2014). It is also defined as subsurface water that fills all the pore 

space of soils and geologic formations below the water table (Freeze and Cherry 1979). Groundwater 

flows in the aquifer layers towards the point of discharge, which includes wells, springs, rivers, lakes, and 

the ocean. Groundwater makes up about 60% of the world�s fleshed water supply, which is about 0.6% of 
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the entire world�s water (EPA 2009). Groundwater is also recognized as one of the most valuable natural 

resources, immensely important and dependable source of water supply in all climatic region of all over 

the world (Todds and Mays 2005).  

 

Groundwater is a vital natural resource for both agricultural and industrial use, the need to develop 

groundwater resources to the maximum possible extent has gained importance. Therefore, to delineate the 

parameters governing groundwater resources and assessment so as to predict groundwater potential is 

essential for planning and developing this resource. Although it is more dynamic renewable natural 

resource yet availability with good quality and quantity inappropriate time and space is more important 

(Chowdhury et al., 2010). 

 

Ethiopia has a high surface and groundwater resources potential; the preliminary estimated quantity of 

yearly groundwater recharge of the country is about 28,000 Mm3 (Kuniansky et al., 2007). Most of the 

developed groundwater resources are used for domestic and also for industrial use. Today, more than 80% 

of Ethiopia�s drinking water supply comes from groundwater (Awulachew et al., 2007). 

 

The main sources of groundwater recharge are precipitation and flow and of discharge include effluent 

seepage into the streams and lakes, springs, evaporation and pumping. Because of its continuous 

availability and excellent natural quality, it becomes an important source of water supply in both urban 

and rural areas of any country (Todd and Mays 2005).There are several methodologies to locate and map 

the occurrence and distribution of groundwater. Satellite data provides quick and useful baseline 

information on the parameters controlling the occurrence and movement of groundwater even in 

inaccessible areas (M. Thangarajan, 2007). The information on the input parameters in the above can be 

acquired and integrated through remote sensing and GIS techniques.  

 

The integrated GIS and remote sensing are efficient techniques in groundwater studies; in facilitate better 

data analysis and their interpretations of groundwater potential controlling parameters. In the present 

study, an attempt had been made to delineate and classify possible groundwater potential zones in the 

Sululta and Surrounding watershed using integrated Remote s Sensing and GIS techniques.  

 

The thematic layers were finally integrated using ArcGIS and IDRISI Software to produce a groundwater 

potential zone map.  Thus, four groundwater potential zones were identified, namely very high, high, 

moderate and low. The very high potential zones corresponding to flood plain, ventriccambisols which 

coincided with the low slope, low drainage density and very high lineament density areas. The low 

groundwater potential zones are present in the structural hills, chromic cambisols, very high slope, 

drainage density and low lineament density areas. 

 

The different inputs taken for GIS analysis were from Geological data, Land sat images and SRTM data. 

Remote sensing with its advantages of spatial, spectral and temporal availability of data covering large 

and inaccessible areas within short time has become a very handy tool in assessing, monitoring and 

conserving groundwater resources. Satellite data provides quick and useful baseline information on the 

parameters controlling the occurrence and movement of groundwater like lithology/structural, 

geomorphology, soil land use/land cover, in thisstudy; remote sensing data of LANDSAT image of year 

2018 have been used for the preparation of land use land cover.  
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Weighted Overlay Analysis (WOA) is a simple and straightforward method for a combined analysis of 

multi-class layers. Weighted overlay analysis can be incorporated in the analysis to consider the relative 

importance and lead to a better representation of the actual ground situation (Nag, 2005). This study used 

GIS modeling technique of index overlay method to produce groundwater potential map. 

 
The study focuses on development of Remote Sensing and GIS based analysis and methodology in delineation 

of groundwater occurrence zones studies in Sululta and surrounding watershed. In order to implement 

delineate groundwater occurrence zones, it is essential to delineate potential groundwater recharge zones. 

Conventionally, Remote Sensing and GIS methods are deployed to delineate favorable areas for 

implementation of ground water occurrence zones. 

 

II.LITERATURE REVIEW 
Groundwater is the water that is found underneath the Earth�s surface at profundities where all the open 

spaces in the soil, sediments, or rock are completely stacked with water. Groundwater of any structure 

whether from a shallow well or a significant well, devises and is refilled (energized) by rainfall. 

Groundwater is a piece of the hydrologic cycle, beginning when a piece of the precipitation that falls on 

the Earth�s surface infiltrates through the soil and enters diving to wind up ground. Groundwater will at 

long last come back to the surface, discharging to streams, springs, lakes, or the oceans, to complete the 

hydrologic cycleeverywhere. 

 

There are different definitions given to groundwater potential zone by different authors in different time. 

According to Rashman (2016), groundwater is the most important natural resources found beneath the 

earth surface stored in void space of geological stratum used in economic development, domestic life, 

andecological diversity. Also, he concludes the occurrence and flows system of groundwater is depending 

on geological characteristics of its porosity and permeability and the formation of landforms such us high 

mountains, rift valley’s and flat areas and the role of landform on surface runoff and infiltration to the 

ground.  

 

The integrated GIS and Remote Sensing are efficient techniques in groundwater delineation; in facilitate 

better data analysis and their interpretations of groundwater potential controlling parameters. In the 

present study, an attempt had been made to delineate and classify possible groundwater potential zones in 

the Sululta and Surrounding watershed using integrated Remote Sensing and GIS techniques. The 

thematic map for factors area prepared and all the thematic layers were then assigned weights according to 

their relative importance in groundwater potential zones were obtained based on the Saaty�s Analytical 

Hierarchy Process.  
 

 III. STUDY AREA 
The study area is found in the central part of Ethiopia, Oromia Special Zone Surrounding Finfinnee and 

reached via the main high way of Addis Ababa-Bahir Dar. Astronomically, the study area extends from 9
o
 

5’40"N to 9
o
 15’15"N latitude and 38

o
 32’30"E to 38

o
50’45"E longitude as shown in (Figure 3.1) below. In 

relative terms, the study area is located at a distance of 23km along Addis Ababa- Bahir Dar road and in 

south direction by Addis Ababa and in the left three directions by Sululta rural woreda.The topography of 

the area varies from chains of mountains around entoto ridge in the South to plain lands in the East, North-

West, and North. The average elevation in the Town is 2600m above mean sea level. The altitude of the 

study area generally dropdown south-north direction from 2800m to 2500m above mean sea level. The 
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peak altitude of the area is 2800m at Entoto ridges and the lowest is 2500m to the north fringe of the study 

area. The elevation map of the area will be generating from SRTM of 30m*30m data. The Universal 

Transverse Mercator 37 North (37N UTM) is its Projected Coordinates systems. 

 

Figure3.1: Index Map of the study area 

IV. METHODOLOGY 

To achieve the aim/objectives of this study, both Primary and Secondary data are use. Somedata use in 

this research generated from different sources. The major data used in this study includes Soil data from 

Ministry of agriculture of Ethiopia, Geological Map of study area from Geological Survey Ethiopia 

(GSE), Rainfall data taken from Ethiopia National Meteorology Agency,Land use land cover, slope, 

geomorphology and drainage data downloaded from (USGS).  

 

Rainfall Map prepared from Ethiopia National Meteorological Agency, Lineament density map, 

geological map were prepared from Geological Survey of Ethiopia by digitizing after georeferencing and 

rectifying is process, drainage density map, Geomorphology map and slope map prepared from DEM. Soil 

map of the study area prepared from soil data from ministry of agriculture and Other data acquire from 

reliable internet sources, field observation, reports, and journals. All the above data are collect, 

manipulate, and analyze in GIS and RS Environment to use for further analysis on determining 

groundwater potential zone delineation.    

The primary data are use Land sat 7 current land use/land cover of the study area and it is downloaded 

from U.S. Geological Survey Global Visualization Viewer Website without the presence of cloud 

cover.SRTM images derive from USGS with spatial resolution of (30 m * 30m) are used to extract Digital 

Elevation Model (DEM) of Sululta and Surroundings and it is use to extract slope map, drainage density 

map, geomorphology map, borehole wells collected from field and used to validate the predicted 

groundwater potential zone map with the existing groundwater potential zone map, rainfall data taken 

UTM: 37 N 

Scale: 1:50,000 
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from National Meteorological Agency and for create rainfall map of the study area. Field observation with 

experts of environmental protection officers and residents who are near to the study are to get more 

information.  

 

The secondary data are use includes soil map of the study area from ministry of agriculture for mapping 

soil types in the study area and Geological map of study areaobtained from Geological Survey of Ethiopia 

(GSE).  

 

Borehole data like groundwater depth, borehole wells points and borehole discharged/yields (m
3
/h)was 

obtained from Sululta Town Water management office. Geology Map of Sululta Town was obtained from 

Geologic Survey of Ethiopia for mapping geologies and Geological data of the study area are used to 

extract geology and lineament density of the study area. Landsat ETM+ of 2018image of the study area 

used to map the current land use /cover of the study area. SRTM (30m*30m Resolution) were used to 

extract Digital Elevation Model (DEM). The DEM was used to extract slope,geomorphology and drainage 

pattern of the study area. GPS were used for collecting borehole data like Ground water depth and location 

of the study area. All theabove data were collected, manipulated and analyzed in GIS environment to be 

used for furtheranalysis. 

 

In this study data sets such as SRTM data, Land sat image and geological data of the area are Identify and 

use as inputting data sets for further processing. Inputting data sets used for this study is SRTM (Shuttle 

Radar Topographic Mission) 30*30m resolution to generate digital elevation model of the area, geological 

data of Sululta town to extract geological data of the area and Landsat image of year 2018 have been used 

for the preparation of land use land cover as inputting data sets, soil data digitized from soil map of 

ministry of agriculture. 

 

In these step data analysis is Apply to extract new information from existing data or input data to get 

thematic map. Drainage Network Data Generation, Computing Drainage Density, Extracting Elevation, 

Lineament Data generation, Computing Lineament Density, digitizing Geology data, and Generating land 

cover data are analysis to show the ground water potential zone delineation. 

 

The extract data are reclassified to a common scale giving higher values to more Suitable attributes and 

low value to less suitable attribute.Reclassifying slope, soil, land use/land cover, geology/rock type, 

drainage density and lineament density, geomorphology and rainfall will be analysis in general. 

 

The present study analysis the reclassified layers by Giving weight value to each reclassified data sets 

according to their influence in the suitability mode and combines them to delineated ground water 

potential zone of the area.The weight of the parameters can be deriving using weight over lay analysis. By 

assigning percentage influence (%) of parameters, and comparing the relative importance of 

criteria.Finally,to arrive the groundwater potential map and all the thematic layers was overlaid using 

weightage overlay module in Arc GIS 10.5.1 and validated with ground truth. 
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The general workflow of this study is shown (Figure 3.2) 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2: General work flow of the study 
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Results Interpretation 
The interpretation of this study was depending on the results and finding of the delineation of groundwater 

potential zones was involved thematic map generation and their integration through GIS and Remote 

Sensing techniques. Thematic maps were prepared in the scale 1:50,000 with a spatial resolution of 

30m*30m pixel size from satellite imagery, geological mapping, soli mapping and other hydrogeological 

field data. The maps were developed in a GIS environment using eight input parameters that indicate the 

delineation of groundwater potential zones as shown in the next section. 

 

Groundwater potential zonation means identifying and mapping the prospective groundwater zones in an 

area by qualitative assessment of the controlling and indicative parameters. The main factors responsible 

for groundwater resource development are rainfall, geology, geomorphology, land use/land cover, 

drainage density, slope, soil, and lineament density. 

Thematic maps for each parameter prepared as follows: 

A. Geomorphology 

Geomorphology was the study of the form of the earth (landforms), its description and genesis (Gupta, 

2003). So this study analysis the cause and effects of this geomorphology on delineate ground water 

potential zone.It is mainly depend on geological formation (Waikar&Nilawar, 2014). In general, 

geomorphology reflects various landforms and structural features (Prasad et al. 2008). The 

geomorphological features of the area has been identified from DEM and used as the inputs of 

geomorphological map. The geomorphological features of the area is classified into four 

geomorphological features in order to know about the water resources areas which are denudation hills, 

Structural hills, Pedi plains and flood plains.Its details are shown in (figure 4.2). 

 

Flood Plains consist of recent alluvium deposited by the river and generally light blue in the image. 

During field investigations, floodplains units are found to have occurred along the LagaDema River in the 

study area.It is considered as good potential areas for groundwater potential and development because of 

more recharge in these areas.  

 

Denudation hills are characterized by high topography and high surface runoff zones where the rate of 

infiltration is low or negligible with poor groundwater prospects (Rai et al. 2008). A denudation hill has 

low groundwater prospects because of runoff zones and low rate of infiltration. 

Generally, for geomorphic units, flood plains were assigned by highest value, Pedi plains were assigned 

by high value, denudation hills were assigned by moderate value and structural hills with low lineament 

density and higher drainage density were assigned low values. 
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Figure 4.2 Geomorphological map of the study area 

B.Geology 

Geology plays an important role in the distribution and occurrence of ground water occurrence 

(Krishnamurthy and Srinivas, 1995). The types of geology that exposed to the surface are highly affect 

groundwater recharge by controlling the infiltration and flow of water to the ground Shabanet al. (2005) 

and geology plays a great role in the occurrence and delineation of groundwater potentials zone. The 

geological setting of the study area is generally classified in to two major groups; namely, Tertiary 

Volcanic (Plateau Basalts) and Quaternary units (Rift Volcanic and Sediments). These two groups of 

geological setting study are influence on ground water occurrence potential zones. The classification is 

based on age of eruptions, special distribution, and mode of occurrence.  

The geological setting of the study area is generally classified in to foursubdivisions namely, Cheleka 

Basalts, Middle Basalts/Quaternary superficial sediments,Quaternary Basalts and 

Trachyte/EntotoVolcanics as shown in (Figure 4.3) below. This four group of geological setting study are 

influence on delineate ground water potential zones map. For Geology units Cheleka Basalts were 

assigned by highest value, Middle Basalts/Quaternary superficial sediments were assigned by high value, 

Quaternary Basalts were assigned by moderate value, and Trachyte/EntotoVolcanics were assigned low 

values. 

Scale 1:50,000 
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Figure 4.3 Geological Map of the study area 

C. Land Use/cover 

Land use/cover is an important characteristic of the runoff process that affects infiltration, erosion and 

flow of water. The land use/cover map of the area was readily interpreted from Landsat image of the year 

2018 by using visual interpretation, supervised classification using ERDAS IMAGINE 2014 software.  

Land use/Land cover Mapping is one of the significant applications of remote sensing is plays a 

considerable role in the development of groundwater resources (Waikar&Nilawar, 2014). Land use/land 

cover plays a significant role in the development of groundwater resources (Shaban et al. 2006).The nature 

of surface materials and the land use pattern control the infiltration and runoff (Dinesh Kumar et al. 2007).  

Classification of land use/cover for analysis was done based on their character to infiltrate water in to the 

ground and to hold water on the ground. There is a various land use/ land cover classes in the study area 

which used to delineated groundwater potential zone. The various classes in the study area are: bare land, 

Water body, Agricultural Land, Built up Area and Forest Area as shown in (Figure 4.4) belowin the study 

area. 

Scale 1:50,000 



������������	
������	
�

�������
��
��������
���
�� ���������
����	��������
��	���
�
�����
��
 ���
!��
 �"�#  

������������������������	 ����������	�
�� ��

ISSN : 2581-7175                             ��������	
��	��
���	���	��������  Page 272 
 

	

Figure 4.4 Land Use and Land cover Map of the study area 

D.Drainage Network and Density 

Low drainage density is therefore related to higher recharge and results higher groundwater potential (M. 

Thangarajan, 2007). The drainage density is high in the plateau and escarpment and very low in the rift 

floor (Ayenew T., 1998).  

Drainage patterns means formation of surface and subsurface characteristic. Drainage density delineated 

using 3DEM hydro processing module of SRTM data of the study area after consecutive processes such as 

filled sinks for undefined values, created Flow Direction, Created Flow Accumulation, Created Stream 

network, generated stream order and finally converted stream order to drainage density. The stream order 

values were regrouped to produce a drainage density map that was reclassified into four categories which 

are 0 - 7.728 km/km2 (very high), 7.729- 24.04km/km2 (high), 24.05 - 49.37km/km2 (moderate) and 

49.38- 109.5km/km2 (low). That means the area under 0 -7.728 km/km2is very high groundwater potential, 

the area 7.729- 24.04km/km2 the groundwater potential is high, the area 24.05 - 49.37km/km2 the 

Scale 1:50,000 


