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Abstract 

  The study accesses the spatial distribution pattern 

of boreholes in Damaturu metropolis. The research 

aim at providing information that will serve as a 

guide for boreholes distribution planning to the 

policy makers of Damaturu metropolis. The 

geometrical data of sixty eight (68) boreholes were 

generated using hand held GPS receivers, and the 

attribute data were generated through office 

records, site inspection and oral interview. The 

geometrical data, attribute data, and satellite 

imagery of the study area were used as input data 

in ArcGIS software. Digital map and spatial 

distribution pattern of the facilities were produced. 

The attribute data were linked to spatial data to 

enable the researcher examine the spatial 

distribution of the boreholes which in turn revealed 

their spatial pattern. Queries were conducted to 

ascertain the pump capacity yield, status, year of 

establishment (construction), etc. The creation of 

zones of interest also known as Buffering was 

carried out to determine the boreholes distribution 

patterns that are within 500m and 1000m radius 

from each other, and nearest neighbor index (Rn) 

was computed. The result showed the distribution 

pattern is clustered, which concentrated at core 
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indigenous area of the town. It is clear that the 

policy implementation in the study area is not 

properly guided by GIS technique; hence there is 

need for more efficient distribution of boreholes in 

the non indigenous area of Damaturu town. 

 

INTRODUCTION 

Water is indispensable for life and it is also indispensable for economic 

activities. Supply of water is problematic globally since being a constant 

resource; the demand has increased. Much of urban Africa is confronted by 

inadequate water supply. In Africa, water crisis is predicted that by the year 

2020, 75% of the continent’s population will be water stressed (Joyce, et al., 

2010). Population increase reduces per capita water availability and that conflict 

or cooperation may result as different water users, compete for the basic 

resource (Revenga, Johnson & Echeverria, 2001). Hence there is popular saying 

that “water sustains life”, good quality drinking water is primarily sourced from 

rainfall or from surface water such as streams, rivers, springs and lakes. Where 

these do not exist or where they exist in quantities that cannot adequately 

support the dependent populations, ground water sources are exploited in the 

form of wells, and boreholes to provide this vital body requirement. This is why 

water has and continues to be the centre of ancient and present civilizations 

(Shaibu-Imodagbe, 2011). A borehole by definition is large water holes that are 

used by most of the major water companies or an organization to get water for 

domestic used, on the other hand a borehole is simply a deep narrow well 

usually driven by an electric pump that taps into the ground stores of water held 

in permeable rock known as aquifer, so that a water borehole can provide 

constant supply of water for purely outdoor use method we can also provide 

clean, pure potable and drinking water for indoor use and consumption. 

(Petrowiki, 2015). 

A borehole is a narrow shaft bored in the ground, either vertically or 

horizontally. A borehole may be constructed for many different purposes, 

including extraction of water, other liquids (such as petroleum) or gases (such 

as natural gas), as part of the geotechnical investigation, environmental site 

assessment, mineral exploration, temperature measurement, as a pilot hole for 

installing piers or underground utilities, for geothermal installations, or for 
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underground storage of unwanted substances, e.g. in carbon capture and 

storage. 

Typically, a borehole used as water well is completed by installing a vertical 

pipe (casing) and well screen to keep the bore from caving. This also helps 

prevent surface contaminants from entering the borehole and protects any 

installed pump from drawing in sand and sediment. Oil and natural gas wells 

are completed in a similar, albeit more complex, manner. 

Borehole is a source of water for domestic use and it served as major source of 

water for the residents of Damaturu town. Inspire of the reasonable number of 

these facilities provided within the town, there has been complain of water 

shortage for domestic use by the residents. Therefore, there is need to know if 

these boreholes are efficiently distributed among the residents population. Also 

records of boreholes are made on paper records (analogue) that constitute 

inadequate information on the water facilities. Usually names and address of 

the water facilities are obtained in such records and lack information on 

automated map of the study area, spatial locations, and database for public 

potable water facilities. 

There is also the need to produce an automated record that will surmount the 

challenges facing the study area and indeed to create a system that will 

constitute the spatial and attribute data of the boreholes. 

According to Joshi & Fawcett (2011), women being the main collectors of water 

it is often their lives that change the most dramatically.” Thus the scarcity of 

water leading to erratic water availability implies that females spend more time 

in water collection activities. If the water supply issue is addressed in many 

countries, it would be available closer to their homes; women will have 

additional time freed for other activities and decision making. Women are 

further subjected to walking to isolated water points or find private places to go 

to the toilet, hence are at risk from sexual harassment (Water Aid, 2006).  

Cost of buying water; Poor communities without access to water supplies( piped 

water, boreholes and shallow wells), particularly in urban areas, often have no 

option but to spend money they can hardly afford buying water from expensive 

water vendors who can get their water from unaccountable sources ( UNEP, 

2004). 

Shortage of water is a big problem in many cities (Janakarajan, 2002). Water is 

sometimes turned on only a couple of times a day for about a half an hour each 

time. People with money have special storage tanks to collect water during those 
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times, which in turn allows them to have water around the clock. People without 

storage tanks collect water in cans, jugs and buckets and often have to take 

bucket baths when the water is not turned on. Erratic water adaptation strategies 

also involve the use of storage containers to store water to ensure availability 

when needed for use. Most people globally have resulted to storing water 

because of its scarce nature (Kimaniet al., 2007).  

 

Study Area 

The study area is Damaturu Local Government Area of Yobe State, located in 

the North East Geopolitical Zone of Nigeria. Damaturu Local Government is 

one of the seventeen local government’s areas of the state with its headquarters 

area in the town of Damaturu, the state capital. The Local Government Area has 

an area of two thousand, three hundred and sixty six square kilometers (2,366 

km2) and a population of about  eighty eight thousand and fourteen (88,014) at 

2006 census. It is bounded to the north by Tarmuwa Local Government, to the 

south by Gujba Local Government Area, and to the west by Fune Local 

Government’s Area of Yobe State, while to the East it is bounded by Kaga Local 

Government Area of Borno State.  The study site is Damaturu metropolis, the 

capital of Yobe State, it lie between latitude 11º 39ʹ 55ʺN to 11º 47ʹ 01ʺN   , and 

longitude   11º 55ʹ 04ʺE to   12º 01ʹ 47ʺE.  The town is on A3 highway and has 

an estimated population of forty four thousand, two hundred and sixty eight 

(44,268) at 2006 census. The climate area can be described under Sahel 

Savannah which often characterized with short wet season that last for four 

months and long dry season of about eight months. The wet season occurs 

between August and September, with mean annual rainfall of 350-500mm. The 

temperature is fairly consistent, and the hottest months are March, April, and 

May with temperature ranges from 39ºc-40ºc. The vegetation cover in 

Damaturu is directly related to environmental factors such as soil, rainfall, and 

human intervention. The entire area fall within the Sahel Savannah; short 

grasses, thorny shrubs and trees are found dotted around. The study site is 

pluralistic in ethnic composition. Agriculture is the main occupation of the 

people, mainly crop production, livestock keeping. Inhabitants are mostly 

public servants, businessmen, and farmers. Map of Yobe State showing the 

seventeen local government areas is shown in figure 1, while the study area map 

is shown in figure 2 below. 
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Figure 1: Map of Yobe State                      Figure 2: Map of Study the Area 

Source:  Figure 1-Ministry of Land and Housing, Damaturu, Figure 2-   Authors 

 

METHODOLOGY 

Data Input 

Satellite imagery covering Damturu metropolis, ground control points (GCPs) 

geometrical data, and attribute data of the facilities within the study area were 

used as input data. These data were then processed using ArcGIS software. 

  
Figure 3:(a) Satellite Imagery      (b) Attribute Data                (c) Geometrical Data 

Source: (a) - Ministry of Land and Housing Damaturu, (b & c) - Field Work 

 

Data Quality 

The quality of data used for any research work is measured by the validity and 

reliability of such data. The premises for assumption here are about the 

trustworthiness and experience of the observer of such data. The validity of the 

data is determined by the precision of the instrument used and hence the 

precision of the set of data (Idowu, 2013). The precision can be described as the 

degree of closeness of set of repeated measurement to one another. The 

reliability of data is measured based on the accuracy of such data, while 

accuracy refers to the degree of closeness of the data to other sites called the 

true values, often referred to as “Gold Standard Data” (Idowu, 2013). 
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The Global Positioning System (GPS) handheld receiver was calibrated by 

holding it on CSB1864 and CSB1870 and recording sets of geographical 

coordinates for three (3) days. The most probable values of the field 

observations were compared with the existing coordinates of the control points, 

the coordinates difference ranging from 15” to 20” between GPS observed 

coordinates and those of the original values was within permissible limit for a 

third order exercise like this project.  

 

Data Acquisition 

The research work involved the use of primary and secondary data respectively. 

The primary data source is the field survey data, which involved observing the 

coordinates of all water facilities (boreholes) in the town using Handheld GPS 

receiver and part of the attribute data were obtained through field observation 

using oral interview technique. The latitude and longitude of all the water 

facilities (boreholes) within the study area were coordinated using Handheld 

GPS receiver. 

The secondary data used in this research includes; map of the study area from 

Yobe State Ministry of Land and Housing, part of the attribute data of the water 

facilities from Yobe State Ministry of Water Resources, satellite image of the 

study area, and projected population of 2013 from National Population 

Commission Damaturu. 

The attribute data generated in this research includes, location/address, depth, 

installation depth, static water level, casing inch screen, pump capacity, over 

head tank/gallon, underground tank, generator room, generator sit capacity, year 

of establishment, and status of all the boreholes within the study area. 

 

Data Processing 

The first step in digitizing process is scanning. Maps can be scanned into 

rasterized digital format like jpeg or tiff. The next step is georeferencing, 

convering the scanned image into real-world coordinates. To georeference an 

image, the map must be identified with x,y coordinates. The coordinates on the 

map are referred to as control points. 

 

ArcCatalog:   

ArcCatalog allows the connection to any folder on the hard drive as well as to 

folders on network drives. Connect were made to the top level of a drive or to 
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any subfolder. To improve efficiency of this research work, connection was 

made to subfolders rather than to the top level of drives. 

The image data folder saved in the hard drive was connected and appeared on 

the catalog tree as shown in figure 4, below. 

 
Figure 4: Arc Catalog Window 

 

Like creating a “New Folder” in windows, feature classes such as shapefiles 

were created in ArcCatalog. The C:\Damaturu\ folder containing the data was 

selected or highlighted. Shapefiles such as borehole, roads and perimeter were 

crated as point, line and polygon features respectively. There after Spatial 

Reference was created. This refers to the coordinate system in which the data 

were to be stored or projected. The spatial reference was set and shapefiles were 

created. See figure 5, below. 

    
Figure 5:   (a) Spatial Reference                (b) Shapefile          (c)  Raster Dataset 

 

ArcMap:   

ArcMap is the ArcGIS application that you use to display, query, edit, create, 

and analyze geographic data. After launching the software (ArcMap), the raster 

image Dam.tiff and the shapefiles were added and saved as map document 

(*.mxd), as appeared in figure 6, below. 
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Figure 6: ArcMap Window 

 

The next stage is georeferencing in order to establish relationship between the 

image and the real world coordinates. The georeferencing tool bar was turned 

on and ensured that the image to georeference was selected. Control points were 

added and links were established by clicking first on the known location in the 

image then on the corresponding location in the target layer. Longitude and 

Latitude coordinates for each control points were inserted, as shown in Figure 

7 below. 

 
Figure 7: Add Control Points    Figure 8: Link Table            Figure 9: Rectify 

Raster 

 

The transformation was the evaluated by clicking the View Link Table button 

on georeferencing toolbar. The Root Mean Square Error (RMSE) shows an idea 

how well the image matches the target layer. The error is reported in the target 

map layer units and represents the average error throughout the image. At 

1storder polynomial transformation the RMSE was found to be 0.00324, while 

at adjust transformation the RMSE was found to be 0.00000. See Figure 8, 

above. 
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After creating enough links, the raster data set was transformed-or warped- to 

permanently match the map coordinate location for each cell in the raster. After 

selecting Rectify… in the Georeferencing tab, a window was pop up that 

prompted the saving of the output raster. The output raster was named Dam.jpg 

and saved in the c:\Dam folder. See figure 9, above. 

The map that has been georeference to the real world coordinate system is now 

ready for digitizing. 

 

Onscreen Digitizing:   

The shapefile data were added to the goreferenced image in ArcMap. The editor 

toolbar was turned on, and sketch tool selected to start digitizing. The features 

were digitized as points, lines, and polygons. When all editing was completed 

stop editing was chosen to end the exercise. See Figure 10, below. 

   
Figure 10: Onscreen Digitizing 

 

RESULTS AND ANALYSIS 

Map of the Study Area 

The digital map was produced using ArcGIS software. The attributes and 

geometric data of the water facilities were typed in Microsoft excel, which 

encompasses the names of the facilities, address of the facilities, installation 

depth, storage capacity, date of construction, status, pump capacity, casing inch 

and GPS locations. The individual table for each facility was formed when the 

typed data was superimposed on the digital map being produce using ArcGIS. 

This gave the number of the rows equals to the number of features on the map. 

The creation of the table involved editing the water facilities so created. This 

involves deleting the unwanted columns and creating new columns of interest. 

The attribute table produced is shown in Table 2. 

A total of sixty eight (68) public water facilities (boreholes) were identified in 

the study area. The locations of all the facilities were identified and determined 

using GPS Survey. The identified water facilities within the study area the 

coordinates were computed for each water facilities in order to obtained, the 

distances between each water facility to its neighbors were computed using 

ArcGIS. 
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GIS analysis employed cut across the overlay analysis and data integration. The 

map of the study area was overlaid with the distribution of the water facilities 

to determine their pattern. The overlaying of all the variables allowed the study 

to view these relationships simultaneously in the geographic space of the study 

area. The overlay analysis in GIS makes possible the integration of data having 

different geographies. Map of the study area showing the location of water 

facilities (boreholes) was produced as shown in the figure 11, the spatial pattern 

of the water facilities is shown in figure 12, and the buffering of the facilities at 

500 meters radius is shown in figure 13. 

 
Table 2: Attribute Table 

Source: Field Work. 

 

 
Figure 11: Map of the Study Area     Figure 12: Spatial Pattern          Figure 13: 500m Buffer                           
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Point pattern analysis 

This can also be called dot map. It was use to display the distribution of water 

facilities events as data locations visual inspection of spatial clusters, and 

analyzing water facilities distribution pattern. 

 
Figure 14: Point Pattern                   Figure 15: Average Nearest Neighbor Summary 

 

The point pattern of the water facilities and the average nearest neighbor 

summary are shown in figure 14, and figure 15, respectively. 

Average Nearest Neighbor (ANN) Tools were used to calculate the distance 

between each feature and its nearest neighbor, then compute the average for all 

nearest neighbor distances and then compares the computed average distances 

to periodic ones that will be obtain if the points were randomly inside a circle 

within the same area. 

The result in the HTM output result under the result in the ANN tools shows 

that the boreholes are clustered. The numeric output in the ANN tool indicates 

that the boreholes are clustered. The result indicates statistically significant 

clustering. The result shows the nearest neighbor ratio of 0.000006, the Z-Score 

of -15.891058, and P value of 0.000000. Z-Scores are standard deviation and 

can be plotted on a normal curve as shown in figure. The smaller the number, 

the further down on the tail of the normal curve the Z-Score falls. 

 

Buffer analysis 

The buffer analysis was used to analyze the distances and to suggest future 

locations of water facilities. Essentially, buffer analysis is tool to which has 

been used to find regions that are directly connected to a specified object and 

useful for finding regions of space that are nearest to each of a set of irregularly 

distributed sample locations. 
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The accessibility of water facilty was determined by carrying out buffer of 500 

meters and 1000 meters (1km) radius. The result revealed that the spatial 

distribution pattern is clustered and there are dark areas that needs urgent 

attention of the Government. 

 
Figure16: 500m Buffer                              Figure 17: 1000m (1km) Buffer 

 

Spatial query 

The purpose of geographic inquiry is to determine relationships between 

geographic features collectively and to use the relationships to describe the real-

world Phenomena that map features represent. GIS analyses and product 

generation is the quantitative procedures employed in the study of the spatial 

arrangement of features (utilities, lines, and polygons). It is concerned with 

investigating the patterns that arise as a result of processes that may be operating 

in space, It is also involves the techniques that enable the representation, 

description, measurement/observation and also generation of spatial patterns of 

facilities.  

The spatial query database produced can be queried either geometric or attribute 

data. The query builder in the ArcGIS was used to build several queries, which 

include some of the following: functionality, installation depth, casing inch, 

pump capacity, generator capacity, and year of establishment.  In this analysis 

it was discovered that out of the sixty eight (68) boreholes in the study area, 62 

are functional, while the remaining 6 are nonfunctional. The following 

discoveries were also made: Installation depth greater than 70m=36, Casing 

inch; 4 inch=3, 6 inch =61, 8 inch =4. Pump capacity yield; 8l/s=2 (11%), 6 l/s 

=15 (79%), 4 l/s =22 (117%), 3 l/s =13 (69%), 2 l/s =15 (79%), 1.5 l/s =1 (5%). 

Generator capacity; 110kva=4, 28kva=1, 27kva=61, solar=2. Year of 
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establishment; 1990-1995=23 (121%), 1996-2000=26 (138%), 2001-2005=12 

(64%), 2006-2010=5 (26%), 2011-2015=2 (11%). 

 
Figure 18: Functional              Figure 19: Non- Functional        Figure20: 

Elev<=370m    Figure21: Instal. Depth > = 64m. 

 

 
Figure 22: Year of Establishment                                       Figure 23: Pump 

Capacity 

 

CONCLUSION 

In this study, the spatial distribution patten of boreholes in Damaturu metropolis 

was sucessfully generated from satellite imagery, geometrical and attribute data 

using ArcGIS software. The most important feature of image based 

measurement is that none of the objects are being touched during measurement. 

However, with the emerging of modern technology such as Geoinformatics, this 

non-contact measurement can be used to produce the spatial distribution of 

facilities. The satellite imagery, geometrical and attribute data were used as 

input data in ArcGIS software. 

The analysis of the results was carried out based on locations and attributes of 

the facilities. The facilities were seen to be unevenly distributed. The 

accessibility of water facilty was determined by carrying out buffer of 500 

meters and 1000 meters (1km) radius. The result revealed that the spatial 

distribution pattern is clustered and there are dark areas that needs urgent 

attention of the Government. 

The potentials of GIS technology in database design and creation has also been 

demonstrated and found to be more efficient than the manual approach. GIS is 
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also a key in evaluating water facilities planning through providing spatial 

relationship information. 

Finally it is recommended that, the use of GIS tecnology in planing, 

management and decision making on water facilities should be encouraged for 

optimal distribution of water facilities for efficient discharge to the whole 

community. 
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