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Abstract 

The intrusion of the River Niger into the Atlantic Ocean at the Niger Delta region of Nigeria is examined. The 

physical mechanism causing this intrusion has been studiedusing the high and low resolution sensor onboard 

Nigeriasat-1, Nigeriasat-X and Landsat-7 ETM+. The results indicates the intrusion is a complex interaction and 

diffusion process of the flowing water downstream including the wave pattern resulting from the runoffs, and the 

lowering of the water table, particularly at the intersection point of the rivers and ocean. The reaction and 

interactions resulting from the convergence of intrusion momentum, produces differential patterns of water 

surface.This is because ocean water has a higher mineral contentit is denser and has a higher water pressure than 

river Niger water. As a result, the larger portion of the water from the river maintain upper layer of the intrusion 

ecology which is within the region of the wave height, which is less and equal to a metre.The result of geostatistical 

analysis confirmed that positive relationship actually exists between water from river Niger entering/flowing into the 

Atlantic Ocean of which the coefficients of determination R
2 

are 0.4834 (48.34%).It is anticipated that remote-

sensing datacould be used to detect, monitor and evaluate intrusion of water prone areas. It is therefore significant 

that state, Federal Government adopts these findings to help identify and differentiate between different water 

bodies especially when in contact with fluid substance such as petro-chemical spillage on the high sea, in the 

navigation channelingof river Niger. 
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1.0 Introduction 

Farlex Free Dictionary (2003) defines intrusion asinterruption, interference, infringement, trespass, encroachment, 

invasion, breach, infiltration, infraction andusurpation.According to Badaru et al. (2014a),the River Niger is one of 

the longest river in Nigeria, a major water source to the Atlantic Ocean. The fact that intrusions are often not in 

equilibrium makes it harder to differentiate from expected-based intrusion scheme distribution level(Barlow, et al., 

2010). The presence of several fissures within the water bodies, whose precise positions are unknown but which 

have great influence on the development of intrusion and might change heterogeneities in the hydraulic properties of 

the water bodies (Johnson, 2007).At the coastal margin, river water flowing from inland areas meets with ocean, 

therefore,the water flows from inland areas towards the coast where elevation and groundwater levels are lower 

(Barlow, 2003). 

1.1 Background to the Study Area 

Kulama is a district headquarters in Bayelsa State of Nigeria with an area of 13.48 km² and a population of 5,700 as 

at the 2006 census. Kulama is located within the specified study Area at N 4
o
 20′11, N 4

o
 30′21 and E 5

o
 45′ 43 E 5

o
 

55′ 14.It is bounded by the massive water body of Atlantic Ocean in the south, to the west by Delta State, Cross 

River State to the east and Mangrove vegetation belt to the North. 

 
 

Figure 1. The Study Area 

1.2 Statement of Research Problem 

Adopting geo-spatial and temporal techniques (Badaru, et. al., 2014b) for the different water bodies could produce 

appreciable results, which is capable of developing data template ofwater intrusion for waternavigation users and 

water application administrators. The study attempts to expose that hidden metrics of intrusion spectrum. 

http://www.thefreedictionary.com/interruption
http://www.thefreedictionary.com/interference
http://www.thefreedictionary.com/infringement
http://www.thefreedictionary.com/trespass
http://www.thefreedictionary.com/encroachment
http://www.thefreedictionary.com/invasion
http://www.thefreedictionary.com/breach
http://www.thefreedictionary.com/infiltration
http://www.thefreedictionary.com/infraction
http://www.thefreedictionary.com/usurpation
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1.3 The Aim and Objectives 

The aim of the study is to examine the hidden metrics of rivers entering or intruding into the Atlantic Ocean to 

provide a standard database for specific applications. 

The Objectives of the study include: 

 To carry out detailed fieldwork and ground truthing of the site for confirmation and effective validation of 

the intrusion. 

 To map the spatial and temporal distributions of river intrusion into Atlantic ocean 

 To carry out a comparative spatial analysis of river intrusion. 

2.0 Related water intrusion studies 

According to Barlow (2003) and Good (1995), saltwater has a higher content of dissolved salts and minerals 

compositions, therefore, it is denser than freshwater, appropriating it to have higher hydraulic head than freshwater. 

Johnson (2007) states that the liquid pressure exerted by a water columnis normally referred to as Hydraulic 

head.Therefore, a water column with higher hydraulic head will move into a water column with lower hydraulic 

head, if the schedule columns are jointly connected along the runoffs.Paul (2003) further explains that the higher 

pressure and density of saltwater causes it to move into coastal aquifers in a wedge shape under the freshwater. 

According to Paul, the saltwater and freshwater meet in a transition zone where mixing occurs through dispersion 

and diffusion processes, and that height of the freshwater column, increases as land elevation gets higher. 

3.0 Methods 

The methodology of research is principally by remote sensing data collection, field validation and ground trothing, 

and image processing. 

3.1 Data Acquisition and Source 

The data collected for the study includes imagery from Landsat-7 ETM+ and Nigeriasat-X 2011 of the study areas, 

the base map (scale 1:10,000) of the area obtained from the Google map, and the rectangular grid coordinates 

(Easting (x) and Northing (y)) of some strategic topographical locations and features in the study area. Wooden 

formulated speed boat and motor cycles were used to facilitate mobility in and around the study area.  

3.2 Image Classification Procedure 

Having created the signature file, the intrusion pixel in the study area now have a value in each of the three (3) bands 

of the Nigeriasat-X Imagery, hence the data is ready for supervised classification. Maximum Likelihood (MLC) was 

carried out on the 2011 Nigeriasat-X imagery of the study area using the Image Classification module of ARCMAP-

10.1 GIS. 

3.3 Geo-statistical Approach 

http://en.wikipedia.org/wiki/Total_dissolved_solids
http://en.wikipedia.org/wiki/Hydraulic_head
http://en.wikipedia.org/wiki/Dispersion_%28chemistry%29
http://en.wikipedia.org/wiki/Diffusion
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According to Badaru et al. (2014b), using Kernel Interpolation with Barriers is a moving window predictor that uses 

the shortest distance between points so that points on either side of the line barriers are connected and Diffusion 

kernel uses a kernel which is based upon the heat equation and allows one to use a combination of raster and feature 

datasets to act as a barrier. Kernel interpolation and Diffusion Kernel statistical models allow a variety of output 

surfaces including predictions, prediction standard errors, which is very flexible and allows you to investigate graphs 

of spatial auto- and cross-correlation. In this study, intrusion into AtlanticOcean of potential importance were 

statistically matched to river Niger, and provided a multivariate description to assess the accuracy of the 

classifications. 

4.0 Results 

4.1 Spatial Analysis 

Figure 1 shows that there are two major distinctive simulating-coloursas river Niger discharges run-offs water into 

the ocean particularly at the point of intrusion. However, the Figure1 further explains that the light-blue represent 

the precise intrusion portion and the green indicating respective portion of the ocean.  

 

Figure 1. The intrusion pattern 

Figure 2 shows the prominent contact point of intrusion as the river enter the Atlantic Ocean. The Figure 2 further 

illustrates the three major intrusion diffusion points that have increased water intrusion in many coastal areas.  

 

Figure 2. The Point of intrusion  
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Figure 3shows the specific layout of the mixed reaction of water due to intrusion. The Figure 3 also showspresence 

of small scale heterogeneities in the water shape, which are to be taken into account and have great influence on the 

development of the intrusion environment.Furthermore, the Figure 3 illustrates the possible presence of fissures 

whose precise positions are known; inland water, ocean water, land use/land-cover and intrusion layout,but which 

also influence on the development of the water intrusion. 

 

Figure 3. The mixed reaction of the intrusion 

Figure 4 shows that there are fourmajor patterns as the river discharged its constituents into the ocean particularly at 

the point of intrusion. However, the Figure 4 shows that primary pattern as the most prominent, foremost form of 

intrusion. Figure 4 further illustrates other existing form of intrusion result ranging from secondary pattern-1, 2 and 

3 respectively.  

 

Figure 4. The confined intrusion patternsusing Quick Tracing 

http://en.wikipedia.org/wiki/Fissures
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Figure 5 shows various forms of intrusion diffusion-pattern from the first point of contact to about 150m offshore. 

The Figure 5 shows three major intrusion diffusion-patterns (First, second and third intrusion diffusion-pattern) and 

other diluted diffusion edge-pattern distributed across the study areas.  

 

Figure 5. The confined intrusion diffusion-patternsusing High Pass Sharpening 

Figure 6 shows the actual perimeter of intrusion, considering the distance apart, tensional and various diffusion 

patterns. 

 

Figure 6. The confined intrusion intersection 

 

4.2 Kernel smoothing 

Figure 7 show that the shortest distance between intrusion points are 0.5, 1.0, 1.5, 2.0 and 2.5 of Diffused intrusion 

(DI), Partially diffused (PD-A), Partially diffused PD-B, Partially diffused PD-C, Partially diffused PD-D and 

Partially diffused PD-E respectively,the line barriers are connected. The Figure 8 indicates state of equilibrium of 
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the measure of standard error at zero level, while;the Figure 9 shows a positive trend of normal value of standard 

error. 

 
Figure 7. The measure of Predicted result                       Figure 8. The measure of standard error 

 

Figure 9. The normal value of standard error 

4.3 Diffusion Kernel 

Figure 10 shows that using a combination of raster datasets to act as a barrier produced the best predicted result of 

2.51, therefore, the Figure 11 indicates measure of error at zero level between intrusion points. 

 

 Figure 10. The measure of predicted resultFigure 11. The measure of error 
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4.4 Geostatistical Analysis 

Figure 12. Shows that a positive relationship actually exists between insitu-diffused intrusions and partially diffused 

A, B, C and D of which the coefficients of determination R
2 

are 0.4834 (48.34%). The Figure 12 indicate the test of 

goodness of fit on the regression line conducted shows a high strength in the relationship and that test of level of 

significance of parameters estimate level shows that both values exceed the critical values. Therefore, the study 

concludes that both values are statistically significant. 

 

Figure 12.The distribution of diffused intrusion value,2015 

4.2 Discussion and Analysis of Results 

A close examination of the classified maps (Figures 2-6) shows significant determinant of the intrusion of water 

from River Niger that enter AtlanticOcean. River intrusion occurs naturally to some degree in most coastalaquifers, 

due to the hydraulic connection between both water’s density and gravity. Using the MLC algorithms shows a 

significant classificationagreement of the movement of water from the river Niger into the aquifers of Atlantic 

Ocean. The result indicates MLC algorithm produced the best result in this experiment.The result also confirmed 

that positive relationship actually exists between water from river Niger entering/flowing into the AtlanticOcean of 

which the coefficients of determination R
2 
are 0.4834 (48.34%). 

 

5.0 Conclusions 

This study has shown that space-borne based satellite sensor and maximum likelihood classification(MLC) 

algorithms produces best result for detecting, monitoring and evaluating river intrusion processes and the 

distribution pattern using Landsat-7 ETM+data. However, different satellite image data from other sensors could be 

experimented in similar way for the same area for a more conclusive analysis on the best algorithm suitable for the 

most intrusion results. 
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