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Abstract

This study assessed the spatial distribution, risk factors, temporal trends and predictive management of oil
pollution in Rivers State using geospatial techniques. an Oil Pollution Risk Prediction and Management Model
(OPRPM) by integrating proximity to oil pipelines, oil wells and flow stations, historical spill locations,
population density and socio-economic conditions. Major factors associated with oil-pollution risk include
proximity to petroleum infrastructure, illegal oil refining and oil theft, population growth and settlement
expansion, and socio-economic vulnerability. Sabotage was identified as the dominant source of oil-spill
incidents, followed by equipment failure and corrosion. Temporal analysis from 2009 to 2024 showed
considerable variations in spill occurrence, with 2015 recording the highest occurrence and 2009 the lowest,
while Ogba-Ndoni recorded a peak spill volume of 43,852.49 barrels in 2015. The OPRPM classified Rivers State
shows that very-high-risk areas were concentrated around Eleme, Oyigbo, Okrika, Ogu/Bolo, Bonny, Degema,
Port Harcourt and parts of Obio/Akpor. The study concludes that GIS-based spatial modelling can be used to
provide an effective approach assessing community vulnerability. The study therefore recommends that more
actions should be put in place to reduce the incidence of 0il sabotage across the study area.
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I.  Introduction

Petroleum resources have contributed greatly to global energy demand and to the economic development
of oil-producing countries, e.g., Nigeria, over the past fifty—five years. The petroleum industry has a significant
global influence, and petroleum hydrocarbons are regarded as an essential commodity underpinning today’s global
economy (Asghar, Malik, and Javed, 2016). Since the discovery of petroleum resources in commercial quantities
in Oloibiri in 1956, Nigeria has been among the group of oil-producing countries and remains one of Africa's
largest Oil-producing nations (Ite et al., 2018).

Oil spillage, as a term, refers to the release of liquid petroleum hydrocarbons into the environment due
to human activity or malfunctioning equipment, and is a form of pollution. Oil spills include releases of crude oil
from tankers, offshore platforms, drilling rigs, pipelines, and wells, as well as spills of refined petroleum products
(such as gasoline, diesel) and their by-products, and heavier fuels used by large ships, such as bunker fuel, or the
spill of any oily white substance, refuse, or waste oil. Deliberate acts such as sabotage, oil bunkering, poor
maintenance of engineering equipment, and tanker accidents cause oil spills. The Niger Delta region of Nigeria,
in which the majority of the petroleum hydrocarbon exploration is carried out in Nigeria, is faced with high oil
spill cases and is rated as one of the most oil spills vulnerable areas in the world (United Nations Environment
Program, 2011)

The investigation of petroleum hydrocarbons in Nigeria’s Niger Delta has led to considerable
environmental hazards, mainly due to pollution. Pollution from exploration, development, and production is
widespread, with common issues such as facility sabotage, operational failures, accidental discharges, pipeline
vandalism and leaks, bunkering, and illegal refining. According to Ite et al. (2018), poor environmental
management by the petroleum industry and the lack of effective regulation by Nigeria’s agencies have intensified
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contamination, adversely affecting local communities’ socio-economic conditions, health, and the environment.
Oil spills are among Nigeria's most severe environmental challenges, especially in the Niger Delta. Many spills
are unreported (Oyinloye & Olamiju, 2013), but the Nigerian National Petroleum Corporation (NNPC)
documented over 20,000 spills in the pipeline sector from 2006 to 2013 (NNPC, 2013). An independent analysis
estimated that more than 115,000 barrels of oil are spilled annually in the region (Oyinloye & Olamiju, 2013).
Twumasi and Merem (2006) reported 4,835 oil spill incidents between 1976 and 1996, which caused serious
coastal environmental damage (Nwilo & Badejo, 2006a). The terrain of the Niger Delta is becoming increasingly
difficult to access because of militancy and unrest. Previous data collection efforts relied mainly on reports from
paid ecotoxicologists or environmental impact assessments. However, GIS technology now enables improved data
capture, analysis, and management of oil spill issues. Therefore, this study aims to conduct a comprehensive
examination of the history and context of oil spillage in Rivers State, Niger Delta. There is currently limited
research on how various land cover types are affected or vulnerable to oil spills, as well as on trends over different
years based on spill data. To address these gaps, this research intends to use GIS to identify and evaluate oil spill
impacts, revealing patterns and trends in spills within the study area.

Crude oil remains the most significant source of energy in the world, such that the size of an economy is
correlated with crude oil consumption (Fantazzini et al., 2011). Crude oil is used in transportation, heating,
cooling, and energy generation, and its by-products serve as feedstocks in the petrochemical industry (Hughes &
Rudolph, 2011). Therefore, to meet global demand, sophisticated technologies for exploring and extracting crude
oil have been developed, and research is still ongoing to improve them. Today, oil reserves are discovered almost
daily around the globe, both offshore and onshore. Thus, since the cheapest means of moving bulk crude over
long distances is by pipeline (Kandiyoti, 2012), the last couple of years have witnessed increased construction of
oil and gas pipelines worldwide (Marcoulaki et al., 2012).

According to Marcoulaki et al. (2012), 193,100 km of international pipelines were planned in December
2011 alone, compared with 28,885 km and 39,059 km for the same period in 2009 and 2010, respectively. In the
United States of America (USA), states such as Alaska, California, Louisiana, Michigan, Oklahoma, Texas, and
Wyoming are major producers of crude oil (US Energy Information Administration, 2013). On the international
scene are countries such as Saudi Arabia, Iran, Iraq, Kuwait, Algeria, Angola, Ghana, Libya, Indonesia, Russia,
Mexico, Venezuela, and Canada. Despite known direct and indirect impacts of oil exploration and production on
the environment and human health (Finer et al., 2013), the list of oil-producing countries and the quantities
produced globally continues to grow. The USA, China, and Japan consume 18.9, 8.9, and 4.5 million barrels per
day, respectively, ahead of other consuming nations (US Energy Information Administration, 2013). The
significance of oil production in national economic development cannot be overstated; as such, MOCs and
governments of producing countries work together to meet demand for crude oil in return for revenue and
investment in the socio-economic development of their countries (Kandiyoti, 2012). For instance, Nigeria attracts
foreign oil companies to invest in the country because production is cheap; the cost of producing one barrel of
crude oil is about $3.5 onshore and $5.0 offshore (Oni and Oyewo, 2011; NAPMS, 2012). The discovery of oil in
Nigeria in 1956 led to the influx of companies such as Chevron, Exxon, Gulf, Mobil, Royal Dutch/Shell, and
Texaco into the country. The influx of these companies soon translated into more than 45,000 km of multi-product
pipelines linking oil fields and flow stations to export terminals and refineries in the country (Ugochukwu and
Ertel, 2008; Edino et al., 2009; Sojinu, 2010; Achebe et al., 2011).

Oil pipeline spills can be caused by structural failure, operation error, and third-party damage (TPD)
(Achebe et al., 2012; Kandiyoti, 2012). TPD, such as accidental rupture of pipelines, is a common phenomenon,
but recently, intentional TPD, such as sabotage and illegal bunkering of hostile and conflict pipelines, is on the
increase in places like Mexico, Colombia, the Middle East, Asia, and Africa (Steiner, 2010; Kandiyoti, 2012). The
International Tanker Owners Pollution Federation (ITOPF) maintains data on oil spill incidents worldwide; its
records indicate that vessel grounding, collision, hull failure, equipment failure, fire, and explosion are the main
sources of oil spillage. (ITOPF, 2010).

Despite global awareness of oil spill incidents, little attention is paid to onshore oil spills compared to
offshore (Fingas, 2000; Reible, 2010; Chen & Denison, 2011). The Exxon Valdez (1989), Braer (1993), Prestige
(2002), and the BP Deep Horizon (2010) oil spill incidents, among others, are common examples. Although
evidence shows a decrease in oil spills of more than 7 tonnes at sea from 1970 to 2010 (ITOPF, 2011), there is no
record of global oil pipeline spills.

The demand for oil has increased the movement of crude and petroleum products from production
platforms to end users. Movement involves transfers from one mode of transport, such as a tanker, pipeline, railcar,
or truck, to another (Fingas, 2000). These inter-model transfers increase the risk of accidental discharge during
transfer and storage operations. The increase in worldwide energy consumption indicates that more pipelines
would be required to transport additional supplies of crude and refined products. For instance, in 2010 global
energy consumption increased by 3.8% metric tonnes, with the USA leading (Enerdata, 2011), and in 2012 it
dropped to 3.7% metric tonnes, also with the USA still leading (Enerdata, 2013). Records show domestic
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consumption of oil products in countries like the USA dropping from 781 metric tonnes in 2010 to 739 in 2012,
while China and Japan increased from 406 and 183 metric tonnes in 2010 to 427 and 198 in 2012, respectively

Although some oil spills are caused by equipment failure and operational errors, Royal Dutch Shell, the
parent company of SPDC Nigeria, claimed that pipeline interdiction accounts for most of its oil spills in Nigeria
(Shell, 2007).

1. Bunkers (thieves): These are experienced and well-connected individuals who work in collaboration
with security agents and oil workers to steal crude directly from pipelines. Large oil spills are rare
among this group because they possess the skills to regulate flow, usually by installing illegal fittings
and control valves to manage pressure and flow rate (Kandiyoti, 2012). They use hoses to load oil
onto barges or smaller ships and then transport it through the creeks for onward transfer onto
international-class ‘mother ships’ on the high seas for sale in the international market (Katsouris and
Sayne, 2013).

il. The Amateur Bunkers (thieves): This group uses basic tools like a hacksaw to break or loosen pipe
manifolds; they are mostly local unemployed youths without much experience or skills to handle
large-scale crude theft. The stolen crude is usually collected in small quantities on canoes and small
barges for sale to local refineries or companies that use crude oil to power their furnace. They care
little about the spills they cause, as they often leave ruptured pipes discharging crude oil into the
environment. According to reports, about 34 cuts were made on the Assa-Rumuekpe trunkline at
Egbeda, Emohua LGA in Rivers State over two weeks in December 2004 (Shittu, 2014).

1i. Saboteurs and Vandals: These groups are mainly interested in sabotaging operations of the MOCs.
They are generally influenced by their grievances against the government and MOCs regarding how
their agitation is ignored. Armed with tools, they go about breaking pipes with tools or explosives.
Some of these groups collaborate with community leaders who seek attention or aim to impede oil
production in their areas (Shittu). Benedict (2011), who reported the existence of gangs going from
one community to another, damaging pipelines, corroborates this claim.

There are two approaches to oil spill contingency plans in Nigeria. The first manages spills in-house within the
affected industry, while the second uses the NOSCP. Under the former, spills of less than 100 kg (0.1 ton) are not
reported to the DPR but are managed in-house according to tier 1 (Field Interview, 2010). However, spills above
100 kg are reported to the DPR, and a joint investigation team (JIT) is constituted to investigate and appraise the
site. The national contingency plan, on the other hand, is divided into tiers, i.e., company (tier one), cooperative
(tier two), and government or major (tier three), based on the quantity discharged (NOSCP, 2009).

1. Tier 1 plan (Company). It is mandatory under this tier for producers and marketers to provide
response facilities in their areas of operation. The quantity of oil specified for this tier is less than or
equal to 7 tonnes (50 bbl), which must be caused by the company’s activities.

il. Tier 2 plan (Cooperative). This category covers oil spills greater than 7 tonnes (50bbl) but less than
700 tonnes (5,000bbl) around the company’s vicinity. In this category, other oil industries,
government agencies, and the Clean Nigeria Associates are involved.

iil. Tier 3 plan (Government). This stage activates the national contingency plan if the spill surpasses
tier 1 and tier 2 conditions. The quantity involved in tier 3 exceeds 700 tonnes (5,000bbl). The
government is directly involved in control and issuing directives through the NOSDRA. Spills are
not limited to the company's vicinity but extend to all areas where the company conducts its
operations.

iv. There are several opportunities for exposure to petroleum hydrocarbons in land use; such exposure
may come from hand-to-mouth contact, tracking contaminants back home, etc. (Kimbrough et al.,
2010). Despite this, there are “no reliable quantitative data to support Human Health Risk
Assessment for activities associated with receptors living in rural areas, or for lifestyles and
occupations such as farming, where there is potential for high exposure” (Doyle et al., 2010). It is,
in fact, common knowledge that rural lifestyles predispose people to several exposure opportunities,
yet there is limited information for detailed risk assessment.

V. Human health risk assessment evaluates the probability and frequency of hazard, and the magnitude
of the consequence (Nathanail, 2013).

II.  Methods
Rivers State is an oil-rich state in southern Nigeria, located in the eastern part of the Niger Delta on the
oceanward extension of the Benue Trough, with headquarters in the town of Port-Harcourt. Rivers State
comprises 23 Local Government Areas, many of which are towns and villages.
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Figure 1Rivers State Showing LGA Area

The inland part of the state consists of tropical rainforest, and towards the coast, the typical Niger Delta
environment features many mangrove swamps. Rivers State has a total area of 11,077 km? (4,277 sq mi), making
it the 26th largest state in Nigeria. Surrounding states are Anambra, Imo, and Abia to the north, Akwa Ibom to the
east across the Imo River, and Bayelsa and Delta to the west across the Niger River for about 50 km. On the south,
it is bounded by the Atlantic Ocean. Its topography ranges from flat plains to a network of rivers and tributaries.

The area is located between Latitude 5° 10” 0N and Longitude 6° 54’ 0”E. The area within the tropical
rainforest is characterized by eight months of the wet season and four months of the dry season. The average
temperature of the area is between 22°C and 29°C with high humidity and rainfall. The major occupations of the
people are fishing and farming, with some individuals also engaged in trading and public service (Odalonu, 2016).
The socio-economic life of the rivers people is largely dependent on their geography and environment, and they
predominantly are fishermen/fisherwomen, traders, and farmers (Orisakwe, 2021).

The spatial datasets were acquired from secondary sources, and some was generated and updated through
supervised classification and on-screen digitization using ArcGIS software. The review of secondary data was
very useful for this research. A desk study involved the consultation of official reports, articles, legal documents,
and published and unpublished literature. Other information items were derived from journal articles, textbooks,
dictionaries, encyclopedias, books, political commentary, biographies, dissertations, newspaper, and opinion
pieces.

Data obtained from the field survey was transferred to the ArcGIS environment and this aided the
research in the mapping and spatial vulnerability assessment of residents and communities to oil spill.
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I11. Results
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Figure 2 Showing areas affected by illegal crude refining and theft in study area

Oil pollution trend over the ten-year intervals was evaluated using data from the national oil spill monitor and
analyzed in the ArcGIS environment. Predicting and manage oil pollution was achieved using the digital elevation
model alongside the swat and the OILMAP.

Unauthorized refining and crude-oil bunkering can result in uncontrolled discharge of petroleum products into
waterways and surrounding land and also air pollution via burning associated with illegal refining.

Population growth and settlement expansion
Expansion of settlements toward oil-producing areas and pipeline corridors increases the number of people
potentially exposed to pollution and also exposes the pipeline to potential impact by the population.
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Figure 3Showing population density of the communities in the study area.

Socio-economic vulnerability

Communities economically dependent on fishing and farming may be particularly affected when pollution
damages their livelihoods, restriction of access to water where pipelines overlay. Low-income households may
have fewer resources to sustain themselves therefore resolving to alternative resource supply from activities of
vandalism of pipeline.
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Figure 4 Showing poverty category of people in the communities within the study area

In relation to oil infrastructure proximity, oil facility ranges from well head, pipeline, manifold, flow
station, flow line and barge. The pipeline is the most vulnerable to impact by potential vandals. This situation
tends to result in the corridor of oil facility impact aimed at extracting crude for the market therefore the presence
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of oil infrastructure attracts vandals to such location this increases the risk of oil spill within such locality. The
activities of illegal vandals can be seen to have towed a linear path going through same path of facility locations
especially pipeline and across spaces of sparse population and very vulnerable population index.

oil pollution trends over the ten-year intervals
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Figure 5 Showing oil pollution trends in study area
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The sabotage-related oil spills, represented by the red symbols are widely distributed across the study
area but are particularly concentrated in the central, northern and southeastern portions of Rivers State. Several
dense clusters can be observed around areas such as Omoku, Egi, Elele, Enecka, Rumuodogo, Bori and the
surrounding communities. This pattern implies that oil-spill occurrence is strongly associated with areas where
petroleum infrastructure intersects with accessible and populated environments. The geospatial assessment of the
spills found that sabotage accounted for the largest proportion of spill incidents.

Equipment failure, represented by the brown symbols, occurs much less frequently than sabotage.
Nevertheless, its distribution pattern indicates that technical failures remain an important source of oil spills.
Equipment failure may involve malfunctioning valves, damaged pipelines, leaking flowlines, defective joints and
other mechanical components. Research on the Niger Delta identifies equipment failure as one of the principal
operational causes of oil spills, although its frequency is generally lower than sabotage as shown on the map.

Corrosion-related spills, represented by the green symbols, are also relatively limited compared with
sabotage. However, their spatial occurrence across different parts of the state indicates that deterioration of
petroleum infrastructure remains a continuing environmental concern. Corrosion is particularly relevant in the
Niger Delta because petroleum infrastructure has often been exposed to humid, swampy and chemically
aggressive environments for long periods. Aging infrastructure and inadequate maintenance can increase the
likelihood of pipeline deterioration and leakage.

The "others" category, shown in blue, has the smallest representation on the map. These incidents include
causes that do not fall directly within sabotage, corrosion or equipment failure.

The map further demonstrates that oil spills tend to form linear and clustered patterns rather than a
uniform distribution as spill points appear to follow particular corridors, which correspond to petroleum pipelines,
flowlines, and other oil-production infrastructure. This is significant because oil-spill risk is often spatially related
to the location and density of oil facilities. The northern and central areas show particularly dense concentrations
of spill incidents, whereas some areas farther south have fewer incidents. This reflects differences in the
distribution of oil infrastructure, accessibility to the facility, settlement patterns, production activities and the
nature of the surrounding terrain.
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The spatial concentration of oil spills around communities indicates potential of spill impact on rivers, wetlands,
forests and other ecosystems within the study area. In Rivers State, where extensive freshwater and wetland
environments occur, repeated spills can introduce petroleum hydrocarbons into soils and surface-water systems
and consequently affect aquatic organisms, vegetation and human livelihoods. This study therefore demonstrates
that oil pollution in Rivers State is not simply an isolated environmental problem. It is a spatially structured
problem associated with petroleum infrastructure, human activities and settlements encroachment resulting in
uncontrolled access to the oil installations.

Volume of Spill between 2009 to 2024
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Figure 6Showing Volume of spill between 2009 to 2024

Spill sources across the study area annually were evaluated within the period of 2009 through 2024. the
dominant year was pegged at 2014 while the least year was pegged at 2009 as shown in figure with most volume
spilled in Ogba-Ndoni local government and a peak volume of spill in 2015 totally 43852.49 barrel of oil spilled
into the environment.

The oil pollution risk prediction and management model as applied across the spatial space of the study area.

The Oil Pollution Risk Prediction and Management Model (OPRPM) was developed to spatial show the
trend in oil spill risk across the study area. The model combined environmental, anthropogenic, spatial, and socio-
economic factors to identify areas that are most vulnerable to oil pollution. the major risk factors or variables
identified that influence the occurrence and spread of oil pollution in the study area; Distance from oil pipelines,
Distance from oil wells and flow stations, Historical oil-spill locations, Proximity to rivers, streams and wetlands,
socio — economic category and population density
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Figure 7 Showing spatial distribution of risk to oil-spill impacts across the study area

The map presents the spatial distribution of risk to oil-spill impacts across Rivers State, Nigeria. The risk
classes range from No Risk Impact Zone to Very High-Risk Impact Zones, represented by progressively darker
shades from pale yellow to red.

The spatial pattern indicates that the risk of oil-spill impact is not uniformly distributed across Rivers
State. Rather, areas of moderate, high, and very high risk are concentrated mainly in the central, southern, and
southeastern parts of the state, while large portions of the northern and southwestern areas exhibit low or very low
risk.

The very high-risk zones, shown in dark red, are particularly concentrated around Eleme, Oyigbo,
Okrika, Ogu/Bolo, Bonny, Degema, and parts of Port Harcourt and Obio/Akpor. This concentration suggests that
these areas are more vulnerable to the consequences of oil spills. The pattern is particularly pronounced around
the Port Harcourt—Eleme—Okrika—Bonny corridor, which is associated with intensive petroleum-related activities,
industrial development, pipelines, terminals, and waterways. Oil spills occurring within or close to these areas
could therefore have substantial environmental and socioeconomic consequences.

The high-risk zones, represented by red, extend around the central and southern portions of the state as
observed around Obio/Akpor, Port Harcourt, Eleme, Okrika, Ogu/Bolo, and Bonny, with some extensions toward
Degema and Oyigbo. The broad spatial extent of these zones indicates that oil-spill vulnerability is not restricted
to individual oil-producing locations but may extend across neighbouring LGAs because of the interconnected
nature of rivers, wetlands, drainage networks, and coastal environments.

The moderate-risk zones, represented by orange-red colours, occur extensively around the central part of
the state, including areas around Ikwerre, Etche, Emohua, Asari-Toru, Degema, and Akuku-Toru. These areas may
have a combination of relatively lower direct exposure to petroleum infrastructure and environmental conditions
that can still facilitate the movement or effects of spilled oil. In particular, the presence of river channels, wetlands,
and low-lying terrain can increase the potential for pollutants to spread from their original point of release.

The low and very-low risk zones are more widespread in the northern and western parts of the state.
Areas such as Abua/Odual, Khana, parts of Gokana, Tai, Andoni, and parts of Etche contain substantial areas
within the lower-risk categories. The northernmost areas, including Ogba/Egbema/Ndoni, are predominantly
characterized by the no-risk or very-low-risk classes, although isolated hotspots of higher risk can be observed.
This indicates that the overall risk is spatially heterogeneous rather than completely absent in these areas.

The southern and central portions contain numerous petroleum-related facilities and transportation
networks, making them more susceptible to oil-spill occurrence and associated impacts. The analysis therefore
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demonstrates the importance of considering both oil-spill sources and the environmental characteristics of
receiving areas when assessing oil-spill risk.

IV.  Discussion

The study identified proximity to oil infrastructure, illegal oil refining and oil theft, population growth
and settlement expansion, and socio-economic vulnerability as major factors associated with oil-pollution risk.

The proximity of communities to petroleum infrastructure represents an important risk factor because
infrastructure such as pipelines, oil wells, flow stations, manifolds, flowlines and barges provides potential
pathways through which crude oil can enter the surrounding environment. The study particularly identifies
pipelines as vulnerable to vandalism and other forms of human interference. The linear distribution of some spill
incidents corresponds with the locations of petroleum facilities, suggesting a strong spatial relationship between
infrastructure corridors and oil-spill occurrence.

Illegal oil refining and oil theft constitute another important risk factor. The findings indicate that
unauthorized refining and crude-oil bunkering can result in uncontrolled releases of petroleum products into
waterways and surrounding land. In addition to contamination of land and water, illegal refining may produce air
pollution through the burning associated with the process. The spatial relationship between oil infrastructure and
illegal activities is important because the presence of oil facilities can attract unauthorized access to locations
where crude oil can be extracted for economic purposes.

Population growth and settlement expansion further increase the vulnerability of communities. As
settlements expand toward oil-producing areas and pipeline corridors, more people become exposed to potential
pollution incidents. At the same time, increasing human presence around petroleum infrastructure may increase
the likelihood of interference with infrastructure.

The socio-economic condition of communities also influences their vulnerability to oil pollution.
Communities that depend substantially on fishing and farming can experience considerable livelihood
consequences when oil pollution affects water bodies, agricultural land and other natural resources. The findings
indicate that low-income households may have fewer resources to cope with pollution-related impacts, potentially
increasing their dependence on alternative and sometimes environmentally harmful activities. This demonstrates
that oil pollution is not solely an environmental issue but also has important socio-economic dimensions.

The analysis of oil-pollution trends shows that sabotage-related spills constitute the dominant category
of oil-spill incidents within the study area. Dense clusters were observed around locations such as Omoku, Egi,
Elele, Eneka, Rumuodogo and Bori and their surrounding communities. This distribution suggests that sabotage
is strongly associated with locations where petroleum infrastructure intersects with accessible and populated
environments. The dominance of sabotage indicates that a substantial proportion of oil-spill risk is associated
with human activities rather than being exclusively attributable to technical or natural deterioration of
infrastructure. The spatial pattern of sabotage-related spills also follows petroleum infrastructure corridors,
particularly pipelines and flowlines. This suggests that areas containing extensive petroleum infrastructure may
require stronger surveillance and security measures. Although equipment failure occurs less frequently than
sabotage, the study demonstrates that it remains an important source of pollution. Equipment failures may arise
from malfunctioning valves, damaged pipelines, leaking flowlines, defective joints and other mechanical
components. The occurrence of equipment-related spills across the study area indicates that operational and
maintenance-related risks cannot be ignored in oil-pollution management.

Similarly, corrosion-related spills are less prominent than sabotage but are spatially dispersed across the
study area. The persistence of corrosion-related spills indicates that the deterioration of petroleum infrastructure
remains an environmental concern, particularly where infrastructure has been exposed to humid and swampy
environmental conditions over long periods. Aging infrastructure and inadequate maintenance can therefore
contribute to continued leakage and contamination.

The study also reveals that oil spills exhibit linear and clustered spatial patterns rather than a uniform
distribution. These patterns correspond with pipelines, flowlines and other petroleum infrastructure. The northern
and central areas contain particularly dense concentrations of spill incidents, whereas some southern areas show
comparatively fewer incidents. These differences are associated with variations in infrastructure distribution,
accessibility, settlement patterns, petroleum activities and terrain characteristics.

The study identifies the extensive network of rivers and creeks as a pathway through which contaminants
can be transferred from areas of initial pollution toward downstream environments. The trajectory of drainage and
surface flow creates a situation in which pollution originating in upland areas may ultimately affect riverine
communities and coastal environments, including areas within Akuku-Toru, Degema, Bonny, Andoni and Opobo-
Nkoro. The temporal analysis covering 2009-2024 further indicates variations in annual spill occurrence and
volume. The study identifies 2015 as the dominant year in terms of spill occurrence, while 2009 recorded the least
occurrence. Ogba-Ndoni recorded the largest volume in the analysis, with a reported peak spill volume of
43,852.49 barrels in 2015. This temporal variation demonstrates that oil-pollution risk changes over time and
reinforces the need for continuous monitoring rather than relying solely on a single-period assessment.
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The development of the Oil Pollution Risk Prediction and Management Model (OPRPM) integrates
multiple factors influencing oil-pollution risk into a spatial framework. The model incorporates distance from oil
pipelines, distance from oil wells and flow stations, historical oil-spill locations, proximity to rivers, streams and
wetlands, socio-economic category and population density.

The model demonstrates that oil-pollution risk is spatially heterogeneous across Rivers State. The
resulting risk map classified areas into no-risk, very-low, low, moderate, high and very-high risk zones. Moderate,
high and very-high risk areas were concentrated mainly in the central, southern and southeastern portions of the
state, while extensive areas in the northern and southwestern portions were characterized by lower levels of risk.

The very-high-risk zones were particularly concentrated around Eleme, Oyigbo, Okrika, Ogu/Bolo,
Bonny, Degema and parts of Port Harcourt and Obio/Akpor. The concentration of very-high-risk areas around the
Port Harcourt-Eleme—Okrika—Bonny corridor indicates the combined influence of petroleum activities, industrial
development, pipelines, terminals and waterways. Consequently, a spill occurring within these areas could
potentially produce substantial environmental and socio-economic impacts.

The high-risk zones extend across parts of Obio/Akpor, Port Harcourt, Eleme, Okrika, Ogu/Bolo, Bonny,
Degema and Oyigbo. The relatively broad distribution of these zones demonstrates that oil-pollution vulnerability
is not necessarily confined to the immediate locations of oil-producing facilities. Because Rivers State has
interconnected rivers, wetlands, drainage systems and coastal environments, pollutants can potentially spread
beyond their initial point of release.

Moderate-risk areas were extensively distributed across the central part of the state, including parts of
Ikwerre, Etche, Emohua, Asari-Toru, Degema and Akuku-Toru. The occurrence of moderate-risk areas in
locations with comparatively lower direct exposure to petroleum infrastructure suggests that environmental
characteristics also contribute to vulnerability. In particular, river channels, wetlands and low-lying terrain can
facilitate the movement and persistence of pollutants after an oil-spill event.

Conversely, low and very-low risk areas were more widespread in the northern and western portions of
the state. However, the presence of isolated higher-risk hotspots within some generally low-risk areas indicates
that low overall risk does not necessarily imply complete absence of oil-pollution vulnerability.

Overall, the OPRPM demonstrates the usefulness of integrating source-related, environmental and socio-
economic variables in assessing oil-pollution vulnerability. The results show that areas with high concentrations
of petroleum facilities become particularly vulnerable when they are also associated with dense settlements,
waterways, wetlands and other environmental pathways. Thus, effective oil-pollution management requires
consideration of both the location of pollution sources and the characteristics of the receiving environment.

V.  Conclusion

The study established that proximity to oil infrastructure, illegal oil refining and oil theft, population
growth and settlement expansion, and socio-economic vulnerability are important factors contributing to oil-
pollution risk. Petroleum infrastructure, particularly pipelines, provides a major spatial pathway for spill
occurrence, while sabotage and illegal activities increase the likelihood of uncontrolled releases of crude oil. At
the same time, the expansion of settlements toward oil-producing areas increases the number of people exposed
to potential pollution events.

The temporal and spatial assessment of oil-spill sources showed that sabotage is the dominant source of
oil-spill incidents within the study area, followed by equipment failure and corrosion, while other causes constitute
the least represented category. The linear distribution of several spill locations corresponds closely with pipeline
and flowline corridors, further confirming the important relationship between petroleum infrastructure and oil-
spill occurrence. The analysis of spill records from 2009 to 2024 also demonstrated temporal variations in spill
occurrence and volume, with 2015 recording the highest occurrence and 2009 the lowest, while Ogba-Ndoni
recorded the largest volume and a peak spill volume of 43,852.49 barrels in 2015.

The development of the Oil Pollution Risk Prediction and Management Model (OPRPM) provides a
significant outcome of the study. By integrating proximity from oil pipelines, oil wells and flow stations, historical
oil-spill locations, proximity to rivers, streams and wetlands, socio-economic conditions and population density,
the model demonstrated that oil-pollution risk is spatially heterogeneous across Rivers State. The resulting
classification into no-risk, very-low, low, moderate, high and very-high-risk zones provides a spatial basis for
identifying areas requiring different levels of intervention.

The model particularly identified Eleme, Oyigbo, Okrika, Ogu/Bolo, Bonny, Degema, Port Harcourt and
parts of Obio/Akpor as areas containing substantial high and very-high-risk zones. The concentration of these
zones around the Port Harcourt-Eleme—Okrika—Bonny corridor reflects the combined influence of petroleum
infrastructure, industrial activities, settlements, transportation networks and interconnected waterways.
Conversely, extensive portions of the northern and southwestern parts of the state were classified within low or
very-low-risk categories, although isolated areas of higher risk occur within some of these zones.

This study examined the spatial distribution, risk factors, trends and predictive management of oil
pollution in Rivers State using geospatial techniques. The study has demonstrated that oil pollution is a widespread
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and spatially structured environmental problem whose occurrence and potential impacts are influenced by the
interaction of petroleum infrastructure, human activities, settlement expansion, environmental characteristics and
socio-economic vulnerability.

VI. Recommendations

Based on the findings of this study, is recommended that Prioritization of high and very-high-risk areas:
Government agencies, oil companies and environmental regulatory bodies should prioritize communities
identified as high and very-high-risk zones for preventive interventions. Particular attention should be given to
Eleme, Oyigbo, Okrika, Ogu/Bolo, Bonny, Degema, Port Harcourt and parts of Obio/Akpor, where the model
identified substantial concentrations of oil-pollution risk. Integration of the OPRPM into environmental
management: The Oil Pollution Risk Prediction and Management Model (OPRPM) developed in this study should
be adopted as a decision-support tool for identifying vulnerable areas and prioritizing intervention strategies.
Relevant agencies should regularly update the model with new information on oil spills, petroleum infrastructure,
population distribution, land-use changes and environmental conditions.
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