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ABSTRACT: 

 

The effects of oil spills in the Niger Delta has caused unending menace to the quality of drinking water in most wells and boreholes 

of the area as most of the wells are shallow and are susceptible to contamination due to the nature of its Geology. The aim of this 

paper is to develop a database on how oil spills affects water quality which is one of the most crucial resources in the Niger Delta. 

The study uses existing oil spills data to show the areas and extent of oil pollution in the Niger Delta. Geospatial analysis was used to 

design an oil spill data base comprising the logical, physical, and conceptual data base design. Visio was used for the design of the 

entity relationship (ER) diagram of the study. The Kernel density and Getis-Ord G* statistic were used in GIS to map the oil spill 

areas in the region.  Results of spatial spill distribution from the Kernel density and Getis-Ord G* statistic revealed that three states 

of the Niger Delta namely, Bayelsa, Rivers, and Delta states are the hottest spots for oil spill occurrences and distribution. The ER 

chart showed the relationships between the pollution sources, their pathways, and the receptors. The ER diagram developed could be 

of significance to environmentalists and other stakeholders in understanding the processes through which contaminants get to the 

various compartments of the earth system. 

 

 

1. INTRODUCTION 

 

The manifestation of imbalance between demand and supply of 

water resources due to water pollution from points to non-

points sources are the most pronounced factors affecting water 

resources quality in most developing countries including 

Nigeria (Hiscock and Grischek., 2002; Nicolini et al., 2011; 

Ray and Shamrukh., 2011; Olorunfemi et al., 2010). Water is 

one of the most vital resources to living creatures. It is naturally 

ubiquitous; however, its access is becoming practically difficult 

to many communities of the Niger Delta due to surface and 

groundwater contamination. Water pollution has rendered many 

societies water stressed, even though the water is physically 

available (Mustafa et al., 2014; Ray and Shamrukh., 2011). 

Naturally, Niger delta is a wetland area and therefore, the health 

of the environment as well as the people‟s lives are intertwined 

with the health of the hydrological system (Ipingbemi, 2009). 

Delta ecosystem encompasses the food, water and cultural 

identity of many local communities, therefore, rivers and 

streams plays a pivotal role as both are used for drinking, 

bathing, washing, and fishing in the area. 

 

The impacts of oil spills are seen in the quality of water 

resources of the Niger Delta, while the un-dissolving 

contaminants can be visible especially for surface water, the 

dangers posed by the dissolved contaminants especially heavy 

metals can be fatal. The impacts of oil spill from artisanal 

refining on the Oturuba River ecosystem in the Niger Delta was 

examined  using active river bottom sediment (Ezekwe and 

Utong, 2017). The study revealed for both heavy metals and 

hydrocarbons, elevated concentrations in ranges above the 

recommended sediment quality guidelines. The concentrations 

exceeded the threshold and the probable effect levels making 

Oturuba Creek one of the most polluted coastal river systems in 

the world (Ezekwe and Utong, 2017). The susceptibility to high 

risk diseases of communities making use of water from such 

rivers for domestic purposes is extremely high. Nwaichi and 

Ntorgbo (2016) investigated the polycyclic aromatic 

hydrocarbons (PAHs) levels 16 in 30 edible tissues of fishes 

and seafood collected from Sime, Kporghor and Iko coastal 

waters of Niger Delta. PAHs‟ gas chromatographic analysis 

showed that the levels of the observed mean in the samples was 

of the range below detection limit (BD) of analytical to 22.400 

± 0.050 μg kg-1 wet wt. 

 

Moreover, the consequences of prolonged exposure to toxic 

compounds in contaminated waters can lead to cancer, birth 

deformities among humans and other organisms (Salem, 2001). 

The impacts of oil spill on the socio-economic activities and the 

environments in some communities of the Niger Delta area was 

assessed by Ipingbemi (2009). Water samples from five 

locations in Burutu local government area of Delta State were 

collected in order to determine the pH value and the total 

hydrocarbon content (THC) of the water. The result indicates 

that in three communities the level of total hydrocarbon 

concentrations (THC) exceeded both WHO limit of 1 ppm and 

control site with concentration of about 40,000ppm (Ipingbemi, 

2009). Abdus-salam and Adekola (2010) examined the water 

qualities for chemical parameters and heavy metals from five 

different communities sharing the same river in Ilaje local 

government area of Ondo state. Results showed that waters 

from the source were found to be generally unsafe for domestic 

and agricultural use, due to pollution from various sources 

including bedrock modifications, oil spillage, and boat exhaust. 

  

Furthermore, Nduka and Orisakwe (2011) examined the 

concentration of heavy metals and chemical properties of 

surface water utilized by indigenous communities in Bayelsa, 
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Delta, and Rivers states. Water samples were collected at 

irregular intervals to account for the major differences in the 

river properties that may occur on a daily basis. Analysis of 

results revealed that the surface waters in Delta and Rivers state 

were more contaminated than those in Bayelsa due to the 

increase in metal concentration which affects the salinity of the 

water and its PH levels. Oil contamination of creeks, rivers,  

and ground waters in Ogoniland, Nigeria was assessed by 

Lindén and Pålsson (2013). The analysis of the samples 

indicated remarkable percentage of extractable petroleum 

hydrocarbons (EPH) in most of the waters. According to the 

United Nations Environmental programme as reported by  

Yakubu (2017), these high concentrations of extractable 

petroleum hydrocarbon can cause migration of different species 

of animals and render water unfit for human consumption.  

 

Water is very vital to our existence and therefore any 

unforeseen breakdown of existing water resources as a crucial 

infrastructure will lead to a very devastating situation. This 

situation is also being exacerbated by the facts that, the same 

infrastructure will be needed to serve as mitigation in 

cushioning the effect of the disaster. In essence, the pipe borne 

water, boreholes and hand-dug wells are important in averting 

and mitigating the upsurge of water borne diseases especially in 

a densely populated Niger Delta area (Kwasinski, 2014; Chang 

et al. 2014; Mittelstadt et al. 2015; Faturechi & Miller-Hooks 

2015). Several researches attest to the fact that in many 

developed nations achievements has been made in establishing 

water resources infrastructure as an integral part of pollution 

control. However, the situation in third world countries like 

Nigeria are contrary (Toroczkai & Eubank 2005; Macal & 

North 2006; Pederson et al. 2006; Yusta et al.  2011; Birkett & 

Jetmarova 2014; Trucco & Petrenj 2015; Ouyang, 2015). 

 

 An indelible history of emergency situations in Nigeria 

according to Olowu (2010) shows the pattern of how poor and 

uncoordinated approaches in disaster handling causes lots of 

terrible situations. Looking at importance attached to the water 

quality, emergency and rescue personnel should find a proper 

way to take an immediate action in case of water resources 

contamination from both natural and anthropogenic oil spills 

pollution (Onwuka, Ikekpeazu & Muo 2015; Hochrainer et al, 

2015). Despite significant importance attached to the geospatial 

information as an integral part of sustainable socio-economic 

development, location-base real time component of disaster 

management is lacking in Nigeria (Kufoniyi and Akinyede, 

2004; Obi, 2006; Manfré et al. 2012; Kerle & Kufoniyi 2005). 

 

Past studies related to disaster management in Nigeria, 

including GIS based disaster management related, failed to 

established the required link between disaster management and 

critical infrastructure including water resources. The study 

conducted by Egberongbe et al. (2006), Adedoyin and 

Olanrewaju (2006), Agbo (2007), Olowu (2010), Samuel et al., 

(2014) and Elias and Omojola (2015) authenticate this fact. The 

importance of geospatial database on a water resources as a 

crucial infrastructure couple with other spatial and non-spatial 

information on other infrastructure will serves as a good 

foundation for effective and efficient way to curtailed any 

unforeseen circumstances during disaster outbreak (Altan   and 

Kemper, 2010; Zevenbergen, Kerle & Tuladhar, 2013). The 

database serves as a very important yardstick for cushioning the 

effect of water resources infrastructural decay. The main 

purpose is to educate and inform policy makers on 

environments and other stake holders on the need to protects 

water resources from oil spills contamination in the Niger Delta. 

The study uses spatial analysis to show the pattern of pollution 

migration pathways from the sources to the receptors.  

 

 

2. DESCRIPTION OF THE STUDY AREA 

 

The area considered for this study is the Niger Delta region of 

Nigeria. The oil-rich Niger Delta is located on latitude 40 10‟ to 

60 20‟ north and longitude 20 35‟ east of the equator projecting 

towards the Gulf of Guinea on the Atlantic coast of West 

Africa. It is also the second world largest delta having a 

coastline of about 450km that ends at the Imo River‟s entrance 

(Awosika, 1995). It stretches from the coast of Ondo, Delta, 

Bayelsa, Rivers, Akwaibom to Cross Rivers state ( Imoobe and 

Iroro, 2009). Covering about 70,000 km2 wetland, the region 

has been described to be among the top ten wetlands and deltaic 

ecosystems in the world (Achebe etal., 2012; Hooper etal., 

2002; Phil-Eze and Okoro, 2009).  

 

Stagnant swamp covers approximately 8600 km2, while rivers, 

creeks, and estuaries cover about 2,370 km2. The mangrove 

swamp which is the largest swamp in Africa spans about 1900 

km2 (Awosika, 1995). There are myriads of species of plants 

and animals in the Niger-delta, including fruits, timber species, 

medicinal plants, palm trees, nuts, seeds, tannis, edible 

vegetables, grass and bamboos, while the  different species of 

fauna inhabiting the Niger-delta region includes monkeys, 

mongoose, squirrels, antelopes, otters, reptiles as well as many 

species of insects, birds; and invertebrates (World Bank, 1995; 

Ebeku, 2005; IUCN, 1994; Kuenzer etal., 2014). States that 

formed Niger Delta includes Ondo, Edo, Delta, Rivers, Bayelsa, 

Cross River, Imo, Abia and Akwaibom. Figure 1 is a map of the 

Niger Delta showing its 9 states.  

 

The climatic condition in the Niger Delta region has been 

categorised as wet equatorial climate and its characterised by 

huge cloud cover and less sun shine hours which resulted in to 

damp weather condition in most part of the year. Though, the 

cloud cover and the dampish nature of the atmospheric 

condition moderated the temperature to about 280C around 

August and 340C or even higher around February and March. 

The annual rainfall in the Niger Delta is about 2,500mm 

spanning between April to December with break around January 

until March (Osuji and Nwoye, 2007). This is however, due to 

variation in the climatic condition which is more favourable in 

the southern part of the country with about 9 month of rainfall 

and less shower in the North with only four months (Eludoyin 

etal., 2014).  

 

The discovery of oil and gas in the Niger Delta has 

tremendously changes the polity. Hitherto to the oil discovery, 

the mainstay of Nigeria‟s economy was exportation of 

agricultural produce such as cotton, cocoa and groundnut. 

However, as more crude oil reserves were discovered, there was 

a shift of paradigm from agricultural produce to crude oil 

exportation. As a result, large percentage of Nigeria‟s export 

earnings came from oil exploration (Ndoms, 2005). 
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Figure 1. Map of Nigeria showing the nine states of the Niger Delta. 

 

 

3. MATERIAL AND METHODS 

 

This study considers water quality resources as a critical 

infrastructure in the Niger Delta region. It involves the design 

pattern of database for the purpose of studying how oil spills 

affect water quality which is one of the most crucial resources in 

the Niger Delta region. The design pattern includes the oil 

facility, oil facility units, oil pipelines, oil spills, roads, rivers 

and streams, some selected boreholes and hand-dug wells as 

well as their location settlements including schools and 

hospitals. These major infrastructures were successfully 

incorporated into the database design. However, the selection of 

this class of water resources infrastructure was purely based on 

data availability. Additionally, issues related to data acquisition 

and storage necessitate a lot of extensive work in building the 

database for the study. Secondary data were also obtained from 

the ministry of water resource. Oil spills data covering the entire 

Niger Delta from 2007- 2015 were obtained from both 

NOSDRA and Shell PLC, oil pipeline from NOSDRA and 

extensive search on internets and other written sources were 

judiciously used on this study. The acquired data were 

successfully structured in to spatial databases based on dual 

purposes of existing inventory of critical water resources 

infrastructure in the area and of being utilized in the wakes of 

oil spills pollution disaster. Database creation encompasses the 

design phase and the actual creation of the databases. The 

spatial distribution of pipeline oil spills has been depicted in 

Figure 2 

 

 

 
Figure 2. Spatial distribution of pipeline oil spills in the Niger Delta from 2007 to 2015. 

 

3.1 Getis-Ord G* statistic and Kernel Density Map 

 

This study employed the application of kernel density 

estimation (KDE) and Getis Ord statistic in oil spills hot spot 

detection. Even though, the application of Kernel density 

estimation was developed purposely for epidemiological 

studies, it has been successfully extended to areas of transport, 

environment and other related fields. This approach has been 

utilized by several researchers in identifying significant hotspots 

in spatial data (Benedek etal., 2016; Chicas etal., 2016; 

Mahboubi etal., 2015). The methods is suitable for this study 

because it can be appropriate for point data sets as well (Kuo 

etal., 2013; Xie and Yan, 2013). Protection of both surface and 

groundwater is crucial in order to have a clean and portable 

water that would be used for several purposes. This study 

therefore, collected oil spills data from National Oil Spill 

Detection and Response Agency (NOSDRA) for the period of 9 

years in order to map out areas that are highly polluted, 

moderately polluted and less polluted. The data has been 

utilized in producing Kernel density hotspot map and Getis-ord 

G* statistical map. The maps show how oil spills impacted most 

of the states in the region. 
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4. OIL SPILLS POLLUTION IN THE NIGER DELTA 

 

Environmental pollution from oil exploration and exploitation 

has plagued the Niger Delta region for over five decades since 

oil discovery in the area. This was compounded by the more 

recent activities of bunkering and artisanal crude oil refining, 

worsening the socio-economic developments in the area and 

increasing health hazards (Kponee etal., 2015). Osuji and 

Onojake (2004) reported damages to the fragile mangrove 

forest, threats to rare species of fishes, birds, turtles, and 

primates, increased poverty, reduced life expectancy, and loss of 

livelihoods of the people of the Niger Delta area. Oil spills in 

the Niger delta adversely affects the physical, chemical and 

biological properties of soil which subsequently resulted in food 

shortages due to reduction of nutrient contents of the soil 

(Ogboghodo and Iruaga, 2004). 

 

 According to Anejionu et al., (2015), over 10,000 incidences of 

pipeline explosions and oil spills has been reported with more 

than 350 billion cubic meter of gas flared in the Niger Delta 

area in the last 14 years. In addition, the unprecedented level of 

environmental destruction in the region has caused a wide range 

of terrestrial and marine ecosystem degradation leading to loss 

of agricultural lands and aquatic lives thereby affecting people‟s 

livelihoods (Chima etal., 2013; Yakubu, 2017).  

 

There are numerous sources of oil spills in the Niger Delta area 

which includes: pipeline interdiction; pipeline explosion and 

spills occurring as a result of blow out, as well as improper 

disposal of drilling waste from oil exploration and exploitation 

activities (Harcourt, 2014). Oil spills from the aforementioned  

sources have been reported over the past decades since the first 

oil spill incidence at Araromi in the present Ondo state in the 

year 1908 (Tolulope, 2004). Later on, in the year 1979, 570,000 

barrels of crude oil was spilled at the Forcados Tank six 

terminal causing pollution of the aquatic environment and the 

surrounding swamp of the Forcados estuary (Ukoli, 2005).  

Subsequently, a blowout which occur at Funiwa Number five 

well in 1980 spilled an estimated 421,000 barrels of crude oil 

into the ocean (Tolulope, 2004) destroying 836 acres of 

mangrove forest along six miles off  the coast (Kadafa, 2012).  

 

Some other minor spills reported include a spill of 5,000 barrels 

of crude oil which occurred along Ogada Brass 24 pipeline in 

Oshika village, Rivers state in 1983 polluting the lakes and 

swamp areas of the community; oil spill from a pipeline where 

24,000 barrels of crude oil polluted the fresh water swamp 

forest and brackish water mangrove swamp at Ogada Brass near 

Etiama Nembe community in the year 1995 (Kadafa, 2012). 

Furthermore, Egberongbe and Badejo (2006) reported between 

1976 and 1996, a total of 4,647 incidents of oil spills resulted in 

an approximate 2,369,470 barrels of oil spilled into the 

environment in the Niger Delta. Oil spills in the Niger Delta 

affected all the compartment of the earth, including the 

atmosphere, biosphere, hydrosphere and lithosphere 

 

4.1 Hotspot Analysis 

 

Hotspot Analysis uses vectors to identify locations of 

statistically significant hot spots and cold spots in a data by 

aggregating points of occurrence into polygons or converging 

points that are in proximity to one another based on a calculated 

distance. The analysis groups feature when similar high (hot) or 

low (cold) values are found in a cluster. The polygons usually 

represent administration boundaries or a custom grid structure. 

Figure 3 below is a map of hotspots and cold spots produced 

using Gi_Bin statistical tool to show how oil spills wreak havoc 

to many Niger Delta‟s states, polluting the environment and 

destroying the entire ecosystem.  

 

From the map it is clearly shown that areas around Rivers, Delta 

and Bayelsa were severely impacted by the spill during the 

2007-2015 period and as such towns and villages located within 

these areas suffers more severely. From the interpretation of the 

map, the Gi_Bin field identifies statistically significant hot and 

cold spots. therefore, spills with cold spot 99% confidence is 

indicating the least impacted areas, followed by cold spot 95% 

and 90% respectively, while areas that are not impacted are 

refers to as “not significant” indicating clustering for feature 

zero. The hot spot 90% confidence shows areas of moderately 

impacted, followed by 95% showing areas of most impacted 

while 99% shows areas of highly impacted.  

 

In the general application of Gi_Bin feature in the +/-3 bins 

(features with a Gi_Binvalue of either +3 or -3) are statistically 

significant at the 99 percent confidence level; features in the +/-

2 bins reflect a 95 percent confidence level; features in the +/-1 

bins reflect a 90 percent confidence level; and the clustering for 

features with 0 for the Gi_Bin field is not statistically 

significant. This has been shown in Table 4.0 below.
 

Table 4.0 Statistical Analysis of hotspot map using (Getis-Ord) 

 

However, Kernel density hotspots map depicted in Figure 4 is a 

results of 9 years‟ oil spills that polluted many part of the Niger 

Delta, the map shows areas that are more clustered, moderately 

clustered and less clustered, indicating highly impacted areas, 

moderately impacted areas and less impacted areas. Areas 

mostly affected are Rivers, Bayelsa and Delta states. Kernel 

Density calculates the density of point features around each 

output raster cell. The method helps to precisely identify the 

location, spatial extent and intensity of oil spills hotspots. The 

density surface created can reflect the distribution of incidents 

against the natural geography of the area of interest, including 

representing the natural boundaries, such as reservoirs and 

lakes, or an alignment that follows a particular street in which 

there is a high concentration of the spill.  The method is also 

G_Bin Value G_Bin -Level of confidence Statistical Analysis 

      -3 Cold spot             99% +/-  3 bins are significant at 99% Confidence level 

      -2 Cold spot             95% +/- 2 bins reflect a 95% Confidence level 

      -1 Cold spot             90% +/-1 bins reflect a 90% Confidence level 

     0-1 Not Significant  0 bin field is not statistically significant 

     2-1 Hot spot              90%  

     2 Hot spot              95%  

     3 Hot spot              99%  
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less subjective if clear guidelines are followed for the setting of 

parameters.  The procedure starts by displaying on a map point 

of oil spills clustered which was used in producing hotspots. 

 

 

 
Figure 3. Getis-Ord G* statistic (Gi_Bin) showing areas that are more impacted 

 

 
Figure 4. Oil spill hotspot map of kernel density. 
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The Getis-Ord G* statistic and Kernel Density hotspot map 

presented in this study is meant to provide full details of how 

oil spills affected areas of the Niger Delta region, but not for 

comparism. The details would assist in understanding the 

hotspots and cold spots areas affected by the spills. 

 

4.2 Geospatial database design 

 

This stage, involves abstracting the geographical characteristics 

of interest from the real world, which often requires sound 

knowledge of the actual reality to be modelled. However, the 

real world complexity necessitates a more concise, solid and 

friendly representation of this complexity in actual sense (Hsiao 

etal, 2014; O‟Sullivan and Unwin, 2014). Database design 

therefore, is the process of producing a detailed data model of a 

database. Importantly, priority should be giving to the 

representation or the actual reality as it is one of the most 

important yardstick which is also known as view of reality. The 

term reality here means the totality of the phenomena such as 

characteristics of the terrain, as it surfaces on the face of the 

earth, while the phenomena of interest to the application refer to 

as a “view” (Davidson and Moss, 2012; Getta, 1993). Similarly, 

due to the irregular and constantly changing nature of the 

realities, the real world perception   is dependent solely on the 

observer. The real world therefore, facilitates the study of a 

chosen area of application by cutting down the complexity 

numbers considered. Furthermore, for the application of the real 

world model, it has to undergo a process in a database (Bern 

hardsen 1992). In this research, the study area total arrangement 

as it exist in the real world is representing the “reality”, while 

the spatial arrangement of all the variables including oil 

facilities and oil pipelines in relation to various land use as well 

as their roles in environmental pollution is refer to as a “view” 

as shown in Figure 3.14.  

 

 
Figure 5 Database Design and Construction (Kufoniyi, 1998) 

 

4.3 Conceptual Design 

 

In a database design, GIS database developer is primarily 

concerned with how the data sets are viewed, free from system 

implementation. This entails the medium of data storage i.e. 

where and how the data is to be stored (Umanath and Scamell., 

2014; Currim et al., 2014). The conceptual design enables  the 

description of the object of interest and relationships, where 

entities are instances of entity type and relationship are 

instances of relationship types (Rigaux and Voisand., 2002). 

The human perception as a view of reality previously described 

has given an insight on this entity-relationship concept. 

Modelling or representing this human perception requires a 

suitable data model which gives fair representation of the 

features of interest so far identified. This present study adopts a 

vector data model which is a representation of geographic 

features of point, line, and area. The breakdown of the entities 

is: 

 Line feature: oil pipelines, water pipelines and roads 

 Point feature: oil facility, facility unit, hand-dug 

wells, boreholes, medical facility 

 Area facility: land area, river area, residential area, 

school area 

 

By using topological primitives of arcs and nodes, the object 

types representing geometric component of the application has 

been depicted in Figure 6. Primary data types shown in eclipse-

shape and the connections between them represented by arrows 

indicating each data or element belongs to one class. For 

example, oil pipelines, water pipelines and roads are line 

features designed with arcs that begins and terminates with end 

nodes and characterized by x and y coordinates.  

 

This study employed the application of entity-relationship (ER) 

data model for mapping out the relationships and constraints 

linking the identified entities in the study. ER diagram plays a 

vital role in semantic information mapping of objects of interest 

in the database and represent an existing relationship between 

an object in reality and possibility of getting access to the 

database (Al-Masree, H.K., 2015; Bagui, S. and Earp, R., 2011; 

Kadivar, M., 2015; Thalheim, B., 2013). Both entities and the 

relationships in the study area has been identified and 

appropriate data model has been chosen to represent them. 

These entities include the oil facilities, facility units, oil 

pipelines, location of the spills, roads, water bodies and land, 

hand-dug wells and boreholes as well as clusters/residential 

areas. However, the data model is build using the supplied 

information established in the user requirement specifications.  

Any of the following schemes is appropriate in conceptual 

design, which include; Tessellation, Vector, and Object 

oriented. However, for the purpose of this study vector 

approach has been adopted in order to form a better 

understanding of the entity relationships. Figure 7 explains the 

ER diagram of the developed database. 
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Figure 6. Spatial data model for oil spills pollution 

 

The vector data model constituting geographic features of 

interest which includes point, line and area has been design to 

represents the applications domain of the actual reality. 

Decomposing the entities of interest in to a vector data model 

reveals the structure as (1) lines which includes Roads, oil 

pipelines and water pipelines, (2) Points encompassing oil 

facility, facility units, hand-dug wells and boreholes and (3) 

area feature including Residential, river, schools and other build 

up land like sport centre, while water bodies denote as polygon, 

schools and market etc. Arcs and nodes as the components of 

topological primitives which shows the three objects types are 

presented in Figure 6, while the ellipse shadowed elementary 

data that connects them represented by arrows indicates that 

each element or data type must be classified in a group. An 

example can be drawn from the arrangements of oil pipelines, 

water pipelines and roads in line feature which show an arcs 

beginning and nodes ending which is also characterised by x 

and y coordinates. The thematic components of reality as well 

as semantic relationships existing among the entities are also 

described by the conceptual phase. 
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Figure 7. ER Diagram of the study 

 

4.4 Logical Design  

 

Logical design involves matching the object types in a 

conceptual data model to a database model often supported by 

GIS software, which was initially applied in creating and 

maintaining the database (Longley et al., 2011). The phase is 

concern with structuring of basic data relationship and their 

definition in a defined database system (Teorey et al., 2011). 

There are basically number of models in logical design which 

includes network, hierarchical, object-oriented, object relational 

and geo-relational model. However, in this study relational 

database model has been adopted which has been translated 

from conceptual databased model developed. The relational 

data model was chosen due to it is simplicity in understanding 

and use as well as it is compatibility with many open source 

GIS software‟s. Figure 8 shows the logical database design of 

oil spill pollution, while Table 4.1 is a master data list showing 

objects and their relationships. 
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Figure 8. Logical model design of oil spills pollution affecting water quality 

 

Table 4.0 Master Data list (Logical) 

NO Entity Descriptio

n 

Attributes Spatial 

objects 

1 Oil facility 1 oil facility Object ID 

Name,address,ID 

Points 

2 Oil facility 

units 

Many oil 

facilities 

Object ID 

Name,address,ID 

Points 

3 Pipelines Lots of 

pipelines 

Object ID 

Name, type, 

length, ID 

Lines 

4 Oil spills Many spills 

occurrences 

Object ID 

Name, ID 

Points 

 River & 

Land area 

1 River and 

lots of Land 

areas 

Object ID 

Name, type, 

length, ID 

Polygon 

5 Wells & 

boreholes 

Lots of 

wells & 

boreholes 

Object ID 

Name, type, 

length, ID 

Polygon 

6 Residentia

l areas 

Many 

residential 

areas 

Object ID 

Area,Name,ID 

Polygon 

7 Niger 

Delta 

Region   

 

However, Figure 6 and 8 has been successfully translated in to a 

relational database structure, Presenting tables of data records 

and connection to other tables through simple transformation. 

This transformational rules encompasses mapped entities 

depicted in Figure 6 and 7 and has been transform in to tables 

with rows and columns. Also, data definition language was 

defined by relational schemas and with each relation joining the 

other through primary foreign key structure. Typical example 

can be derived from the logical model design were primary key 

of relation „land‟ (LD_ID) connects with the foreign key of 

relation „Build area‟ (LD_IDBLT). 

 

4.5 Physical design 

Physical design is the last stage of the geospatial database 

design, which involved defining the actual database schema that 

holds the data values based on the built-in data types of the 

chosen database management system (DBMS). It is also known 

as implementation stage, which involves representation of data 

structure in a format that is compatible with the software. It 

describes the base relations, file organizations as well as 

indexes used in order to get access to the data. However, this 

study used Object-Relational for the DBMS. The physical 

design for this application based on data definition is shown 

below. 
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Figure 9. Physical design application of oil spills pollution affecting water quality 

 

 

5. CONCLUSION 

 

In a developing country like Nigeria, where proactive measures 

have not been taken in the event of disaster outbreak, designing 

spatial database would tremendously assist in averting an 

outbreak of unforeseen disaster. The design pattern of spatial 

database for oil spill pollution affecting water resources quality 

in the Niger Delta is expected to proactively improve disaster 

and emergency management in the region. The database would 

educate and informed all concerned stakeholders on the need to 

provide a lasting solution to the insidious nature of oil spills 

polluting water resources in the area.  

 

The linkages between water resources pollution, disaster and its 

management would form a platform for proactive management 

of oil spill pollution in the Niger Delta to effectively and 

efficiently manage disaster outbreak emanated from oil spill. 

This database design will form the basis for more research in to 

the area of water resources pollution in the Niger Delta. This 

will undoubtedly create more awareness on the importance of 

preserving and protecting water resources in Nigeria and other 

developing nations. Furthermore, it is believed that this study 

would provide a flat form where stakeholders concerned with 

disaster management in the third world countries would adopt 

the same template and build upon it in order to maintain spatial 

data that would be applied on disaster management and 

resources infrastructure.  

 

The hotspots map resulted from nine years of oil spills pollution 

in the region is adequate the cause significant damages to the 

region‟s water system and to the health of the people living in 

various communities in the Niger Delta. It is therefore crucial to 

develop spatial database of oil spill pollution affecting water 

quality and hotspot maps of areas affected by the spills in order 

to informed decision makers on the need to protect the 

environment from the insidious nature of the spills. 
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