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Abstract

A method for monitoring the deformation of big oil storage tanks is proposed in this study. The method
makes use of the Interferometric Synthetic Aperture Radar (InSAR) methodology. The purpose of this
endeavour is to propose a solution that addresses the problem of oil spillage that occurs as a result of
the collapse of oil storage tanks. If massive oil storage tanks were to fail, it might have catastrophic
consequences, including the loss of lives and property, the contamination of aquatic life, and the filing
of lawsuits, among other things. Thus, the focus was on Forcados, Warri, Delta State, Nigeria as the
location of the research area. The satellite imagery that was utilised was obtained from the Sentinel-1
Synthetic Aperture Radar (SAR) satellite hub of the European Space Agency (ESA) between 12 months,
covering the months of March 2016 until March 2017. To determine the state of these engineering
structures and to identify any significant deviations from their original design, it is pertinent to perform
periodic monitoring of these structures from time to time. For the detection of likely displacements as
well as validating deformations measured upon the crude oil storage tank, a technology known as the
Small Baseline Subset Differential Interferometric Synthetic Aperture Radar (SBAS-DInSAR)
approach was utilised. It was paired with an Object-Based Image Analysis (OBIA) approach to analyse
the data. One of the 10 tanks that are located within the research area is used to illustrate the validation
analysis. This tank is number seven. According to the findings, the horizontal distortions across the
circular cross-section of the 7th Tank fall somewhere in a spectrum of -29.669mm and -3.131mm over
the course of the study.

Keywords: Oil Storage Tanks, Synthetic Aperture Radar (SAR), Differential Synthetic Aperture Radar
(DInSAR), Distortion, Deformation.
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Introduction

Synthetic Aperture Radar (SAR) technologyhas seen increased use in monitoring the deformation of
engineering structures [1,2]. It has also been used to detect oil spills, river delineation and shoreline
vulnerabilities in the Niger Delta using SAR imagery data [3-6]. Some of these oil spillages occur due
to failure of the holding vessels, high environmental conditions and material failure of the oil storage
tanks. An earlier study by Nwodo et al. [7] looked at the application of similar SAR imagery
called Interferometric SAR (InSAR) in the Niger Delta area by looking at these structures that are
holding the oil contents. Each of the large storage oil tanks has to be well-designed to hold the content
and support various loading and offloading operations. Figure 1 shows some large storage oil tanks in

Mosimi depot, Ogun State, Nigeria.

Figure 1: Cylindrical Oil storage tanks in Mosimi Depot in Ogun State, Nigeria holding four oil
products. Source: [8,9]

However, oil tanks can also be positioned in an array for storage of oil, such as the Mosimi depot in
Ogun State of Nigeria which was constructed in 1978 and recommissioned in 2016 by Nigerian National
Petroleum Corporation (NNPC) (see Figure 1). According to NNPC, the oil tank in this depot was stated
to increase Nigeria’s storage capacity for petroleum products by 87.7m litres [8,9]. When they
reconstructed the depot’s Tanks 22, 12 and 11 back in 2016, it eased the storage capacity with a
combined increased volume at 54% of the total storage capacity of petrol (also called Premium Motor
Spirit-P.M.S.) [8,9]. An article by Bloomberg [10] presented a recently constructed large storage oil
tanks at Dangote Refinery in Lagos, Nigeria, which is designed to hold 30,000,000 litres of
gasoline. Within the Nigeria oil sector, various articles confirm that the use of these large oil storage
tanks has seen increased use [7-10].
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When large storage oil tanks fail, it almost always results in fatalities; hence, the safety of oil tanks
including the contents of oil tanks is a problem for the industries that deal with the refinement of
petroleum [11]. In the event that these tanks undergo even a little modification in terms of their shape
and area, the integrity of these tanks could be jeopardised. Refineries and oil farms typically have
massive storage tanks that are capable of holding a significant quantity of combustible and hazardous
substances. It is common for any failure to result in a number of negative consequences, including
environmental degradation, economic loss, threats to public health and safety, and legal action [12].
Since the discovery of crude oil in Oloibiri, Bayelsa State of Nigeria, in 1956, there has been a rise in
the number of oil spills that have occurred in Nigeria [13]. There were a total of 784 oil spill occurrences
that occurred between the years 1976 and 1980, which led to the loss of 1,336,875 barrels of oil [14].
This information has been gathered from observations or observations. In a similar vein, the oil spill
that took place in Rivers State in 1970 was one of the most catastrophic environmental disasters that
occurred in recorded history [14]. Texas Oil Company was responsible for the leak, which resulted in
the dispersion of about 40,000 barrels of oil across the Delta region, resulting in the pollution of around
1,200 square kilometres.There were a total of 321 communities that were impacted by the oil spill, and
an estimated 320,000 people were living in those villages. Approximately 180 people lost their lives as
a result of this calamity, and there were persons who contracted various ailments as a result of
consuming contaminated food and drinking dirty water [11,12].

Another recent study that was conducted on the subject of the causes of oil spills in Nigeria by recent
researchers using SAR data also reflected a lot of oil spills were quantified in the Niger Delta region
[5,6]. The failure of storage facilities has been shown to be the primary cause of oil spills in Nigeria
between the years 1970 and 1998, according to previous research [12]. Storage tanks made of steel oil,
particularly those that are between 15 and 20 years old, are in considerable danger due to the age of the
tank, its position, the state of the storage, the qualities of the soil, and other variables. Additionally, the
non-uniform settlement of tank foundations, the entering and leaving of oil tanks, the loading and
unloading of oil, plus the elevated temperatures of the crude will all produce stress on the membrane of
the tank, which will result in the sediments settling [11]. The tanks in question consequently have a
tendency to experience radial distortion. These oil storage tanks are regularly utilised for storing crude
oil, which is the primary source of revenue for the economy of Nigeria [11,14]. Therefore, despite the
risks and hazards that are involved, they continue to be used. Concerns have been raised about the
structural deformation of these oil tanks on a consistent basis [15]. This is happening as a result of
global warming as well as the rise in sea level that is related to storm surges. On top of that, the
likelihood of these tanks breaking down is extremely high because of the inadequate monitoring,
inspection, and maintenance procedures that are commonly used [14]. Detecting potential structural
damage at an early stage is essential in order to prevent the severe repercussions that can result from
tank failure. As a result, there is a requirement for a dependable system for monitoring the structural
deformation of tanks on a routine basis.
A number of different techniques, including geodetic measurements, photogrammetry, and laser
scanning (ALS), have been utilised in the past [16]. On the other hand, these techniques are not only
expensive and time-consuming, but they are also rigorous and require some critical interpretation in
order to reach the desired outcomes [17]. In addition, one of the most significant challenges that
engineering geodesy faces is the construction of mathematical models (for the geodetic approach) that
will reveal the properties of the deformation [7,13,14,]. Increased opportunities for Differential
Interferometric SAR (DInSAR) applications are currently available as a result of the recent arrival of
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satellite constellations that deliver high-resolution SAR images (for example, Sentinel-1 satellite remote
sensors). These applications have the ability to detect surface changes alongside fine spatial information
as well as having shorter revisiting times [7,18,19]. Aside from that, there are various theories like the
scale-space theory that are used to detect and analyse satellite images [20], also considered.

Therefore, the purpose of this research is to investigate the monitoring of large oil storage tanks utilising
the DInSAR technology against radial displacements and determine the health state of these tanks. This
strategy takes advantage of the potential that is provided by Sentinel-1 SAR satellites in order to
overcome the deficiencies that are currently present in conventional geodetic methods. The use of the
InSAR approach has been identified as a useful data source, which we have applied to create a system
that is dependable and robust, as well as cost-effective for monitoring the structural performance of
large oil storage tanks. Thus, to address the problem of oil spills in Nigeria, which is caused by the
collapse of big oil storage tanks as well as engineering facilities, we propose this solution. The
processing technologies that were utilised were the Geographic Object-Based Image Analysis
(GEOBIA) Techniques and the Small BAseline Subset - Differential Interferometric Synthetic Aperture
Radar (SBAS-DInSAR) Techniques. Our efforts have resulted in the development of a sustainable
solution that addresses a significant problem in the oil industry of Nigeria. This is accomplished by
lowering the costs, rigours, and time limits associated with the traditional approaches that are now in
use.

Materials and Methods
The Study Area

This research was conducted by focusing on Forcados, which is located in the Warri South Local
Government Area of Delta State, Nigeria. It was considered the locality that is being investigated
because it holds a resourceful oil terminal (see Figure 2). The coordinates for its location are as follows:
latitude 5° 20° 01N, longitude 5° 21’ 30”’E, and atitude 5° 20’ 56’N, longitude 5° 20’ 32”’E. Ajidubu,
Jala, Madagho, Ogidigben, as well as Ugborodu, are some of the communities that are located
approximately 120 kilometres to the south-east of this location [7]. As a consequence of the fact that
Forcados is one of the most significant petroleum provinces in the world, the geographic region has
been the subject of much research (see Figure 3). Shell and Chevron, two of the most prominent
multinational corporations, have their headquarters there. Operationally, Ogidigben, Otumara, as well
as Sagara, are the names of the flow stations that Shell operates in Escravos. Chevron, on the other
hand, establishes its flow station offshore [7]. Strong wave activity alongside tidal currents are two
characteristics that can be found in the Escravos River and its surrounding area. On the beach ridge,
there is a significant amount of soil formation and plant growth. There are clear challenges involved in
determining the path of the pipeline due to the presence of mangrove marshy swamps and creeks that
cross each other numerous times. Also, the Forcados River makes connections between the Warri River
and the Burutu Channel as well as other settlements along the tributaries plus terrains as seen in Figure
3.
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Figure 2: The Forcados Terminal in Nigeria surrounded by walls. (source: Map data via google)
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Figure 3: Map of Forcados Terminal in the Niger Delta showing the communities (Source Map Data
via Google)

83
NWODO GO, ALOHAN N.O, EJIKEME J.O



https://portal.issn.org/resource/ISSN/2354-3361
https://doi.org/10.5281/zenodo.15668223
http://www.journals.unizik.edu.ng/jsis

JOURNAL OF SPATIAL INFORMATION SCIENCES ISSN: 2354-3361
VOL. 2, ISSUE 2, PP 78-102, 2025 DOI: https://doi.org/10.5281/zenodo.15668223
PUBLISHED 15-05-2025

www.journals.unizik.edu.ng/jsis

Primary Data

The Copernicus Sentinel-1 Earth Observation Satellite SAR Data Archives provided the primary dataset
that was utilised in this investigation. On the 6th of March 2017 and the 11th of March 2016, Sentinel
1 SAR images were taken using Terrain Observation with Progressive Scans SAR (TOPSAR) and
Single Look Complex (SLC) techniques. Both of the photographs that were used had a combined size
of around 9.3 gigabytes, with each image having a size of approximately 4.6 gigabytes. (please refer to
Figure 4A).

A: 2016 SAR U B: Google Earth
Intensity Band Image of Study
Image of Study

Area + Oil Tank

Shapefile.

Figure 4: (A) the Sentinel-1 SLC SAR data along with the reference shapefile of the tanks containing
oil, while (B) the Study Area, showing the tanks as located from Google Earth.

Data Validation

To determining the existential accuracy evaluation within the oil storage tanks, an Object-based Image
Analysis (OBIA) approach was utilised to validate the results of the deformation velocity
measurements. It is necessary to have secondary reference data in order to carry out object-based
accuracy assessment and validation of the final deformation outcome in accordance with our goals.

(1) traditional geodetic (X,Y,Z) field measurements of STUD locations on the storage tanks utilising a
reflectorless total station instrument and
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(2) vector shapefile derived from digitising the oil storage tanks from a 2m high-resolution Google
Earth images of this study area were used to acquire the reference data.

Both of these methods were utilised to acquire the reference data. In this study, the existential accuracy
assessment was utilised as the accuracy assessment metric to validate the outcomes of the deformation
[7,21,22,23]. Specifically, this is an object-level validation of the oil tank deformation, which is
something that our research is interested in. The existence of the distortion within the oil tanks may be
determined with the help of existential accuracy, which helps to determine whether or not one exists.
It was determined that there are two accuracy indicators that pertain to the presence of deformation
within the oil tanks.

(a) The first of these is the true positives (TP); these are instances in which distortion is present in the
polygon reference layer (the shapefile of oil tanks), as such deformation exists.
(b) The second of these is the false negatives (FN); these are instances in which the polygon reference
layer (the shapefile of oil tanks) fails to recognise deformation. This is referred to as a failure to identify
deformation.

Due to the fact that we were more concerned with the deformation that occurred within the tanks, we
chose to disregard false positives, which pertain to the inaccurate detection of deformation that does not
exist in the polygon reference layer. Because of this, we derived the reference datapoint from tanks that
were not connected to any other tanks. Trying to make computations via the false positives will result
in a biased result. An illustration of an OBIA existential accuracy measurement is shown in Figure 5,
which is used to detect whether or not there is deformation within the oil tanks.

-

.

| |_ = FALSE NE(:S.&TI\J"I 5

-

| FALSE POSITIVES //
| |
L TRUE|POSITIVES

T L
Figure 5: An illustration of an OBIA existential accuracy measurement used to detect whether or not
there is deformation within the oil tanks.

Methodology

Six distinct steps were involved in the development of the methodology that was used to derive
deformation measurements on crude oil storage tanks including the following, as illustrated in Figure
6.
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(1) The first step is to download the Sentinel-1 SAR photos of the area under examination. The dates
have a temporal variance of one year, and they are the 6th of March 2017 and the 11th of March 2016.

(i) The SBASDInSAR Technique should be used to process the Sentinel-1 photos that have been
downloaded.

(ii1) The generation of horizontal deformation and time-series data based on the processed Sentinel-1
SAR images is the third step.

(iv) Create and import a tank shapefile coordinate by utilising a high-resolution Google Earth image of
2 meters (this is helpful for checking).

(v) In order to validate and evaluate the accuracy of the radial deformation of the tank's circular cross-
section, it is necessary to carry out an Object-Based Image Analysis (OBIA).

(vi) Apply statistical regression analysis to the result of the deformation in order to determine whether
or not there has been any change in the pattern or trends of the deformation.

The SBAS-DInSAR technique for the processing of data.

For the purpose of processing the Sentinel-1 SAR images, the researchers in the present study utilised
a parallel computing approach presented in [7,28] known as the Small-Baseline Subset (SBAS-
DInSAR). This technique was chosen from among various DInSAR techniques. The supervised
implementation of the SBAS-DInSAR processing chain is depicted in Figure 6.

Access by Downloading
Sentinel-1 SLC Data

Process Sentinel-1 SLC Data
via SBAS DINSAR Technigue
Ground Deformation Maps and
Time Series Data

Create / Import Shapefiles +
QTI INQ CAanrdinatac

Extract Deformation Data from
QOil Tanks Locations

OBIA+ Statistical Analysis of
Extracted Data on the Oil Tanks

Display Deformation Plots
and Results as Tables,
Maps, Bubble Charts, and
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Figure 6: The flowchart for the methodology

--------
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vD = E F
Surface
Interferogram Gl S Phase == 5 Dlsplotcnycnt
generation Unwrapping Time Series
Generation

Figure 7: A supervised implementation of the SBAS-DInSAR processing chain (sources: [7,18]).

A sophisticated DInSAR processing chain is utilised in this method for the purpose of generating Earth
deformation time series (TS) along the satellite line of sight (LOS) and estimating the mean yearly
velocity maps (in millimetres per year) with millimetric precision [7,18]. In the SBAS-DInSAR
workflow, the inputs consist of the SAR raw data that was acquired by the satellite over the same region
and from the same look angle (same acquisition geometry). Additionally, the SBAS-DInSAR workflow
takes into account the orbital information that indicates the position of the satellite throughout the
acquisition time, as well as the Digital Elevation Model (DEM) of the area that was investigated. It is
necessary for the SAR raw data to go through particular processing (SAR focusing) in order to be
converted into the appropriate radar image, which is referred to as Single Look Complex (SLC). This
processing is shown in Block A of Figure 7. In their capacity as complex entities, SLCs are made up of
amplitude and phase, with the latter characteristic serving as the foundation of the SAR interferometric
process. In order to ensure that the phase contributions that are associated with each pixel of each image
are correctly combined, it is necessary for all of the SLCs to be referred to the same spatial grid, which
is referred to as the master. This technique, which is known as co-registration, is carried out by using
geometric considerations that are based on the satellite orbital information and the digital elevation
model (DEM) of the area. For this reason, the DEM needs to be translated into the SAR geometry in
the correct manner (as shown in Block B of Figure 7), so that it may be utilised appropriately in the
subsequent step of co-registration (which is shown in Block C). Following the completion of the co-
registration process, the SLCs are able to be coupled in what are known as interferometric pairs. These
pairs are chosen from among all the available couples based on a minimal baseline criterion. The spatial
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and temporal baselines are the orbital and time separations between two SAR images, respectively.
After that, the differential interferometric phase, also known as the interferogram, is retrieved from the
image pairs in question. It has been established that the ground displacement that took happened in the
time interval between the two SAR images is directly proportional to the phase difference that was
observed [7,23]. In order to obtain the complete evolution of the phase difference, which is referred to
as the wrapped phase, it is necessary to unwrap it. Such procedure, referred to as phase unwrapping, is
carried out within block E through employing the Extended Minimum Cost Flow (EMCF) phase
unwrapping algorithm [7,18,23]. On the unwrapped interferograms, a process is carried out in order to
determine the residual topography phase component that may be caused by DEM mistakes. A
methodology known as the least squares method is utilised in the execution of this operation [7,23].

Next comes the phase of estimating the residual topography, which comes before the final retrieval of
the displacement time series (Block F), which is carried out at the pixel level. The number of SAR
acquisitions that were employed for the interferometric analysis corresponds to the phase velocities that
were measured between acquisitions that were time adjacent to one another. In general, the processing
of DInSAR calls for some competent user inputs and evaluations in order to improve the quality and
reliability of the DInSAR findings that are generated [7,18,23].

Geographic Object-Based Image Analysis (GEOBIA)

It has been argued that Geographic Object-Based Image Analysis (GEOBIA) is probably one of the
solutions to deal with the limits and constraints that are associated with pixel-based image analysis
[7,24]. This concept has further developed and gained widespread support. Segmentation, feature
extraction, and edge detection are some of the older techniques that are used in remote sensing image
analysis. GEOBIA is an extension of these approaches. Remote sensing imageries or thematic outputs
are partitioned into areas or objects in this procedure, and then their attributes are analysed at various
scales [7,24]. This method is implemented in order to achieve the desired results. During the processing
of items, this method takes into account the temporal, spectral, and geographic features of such objects.
Additionally, it offers the capability to query and link certain objects [7,25].

As a result of the fact that the picture-object is the fundamental methodological element and the focus
of inquiry when object-based image analysis is being used, image context is extensively documented
for object recognition [7,26]. In the process of classification, this is quite helpful in overcoming
uncertainties that are brought about by a lack of evidence.
GEOBIA is a technique that is very useful in capturing accurate information [7,27]. This technique is
particularly useful in situations when spectral features are not unique, but shape and neighbourhood
interactions are distinct. One example of the supervised implementation of the GEOBIA technique is
shown in Figure 8.

88
NWODO GO, ALOHAN NO, EJIKEME JO



https://portal.issn.org/resource/ISSN/2354-3361
https://doi.org/10.5281/zenodo.15668223
http://www.journals.unizik.edu.ng/jsis

JOURNAL OF SPATIAL INFORMATION SCIENCES ISSN: 2354-3361
VOL. 2, ISSUE 2, PP 78-102, 2025 DOI: https://doi.org/10.5281/zenodo.15668223
PUBLISHED 15-05-2025

www.journals.unizik.edu.ng/jsis

' | OVERLAY | | RAIN
SE(R\'EN[;\'II(_)N { '\’l ‘lI”ll\' L'\'U'\lllt'?b 1 k'lll\.’} Create lk"k'l\'“(t'
Generate a large set of . . polygons

results from chtterent
parameter combimnations. |

GOODNESS MEASURES
for each segmentation

4 '
Compute combined Cluster the base

measures measures

ha
For each cluster, determine the
number of segmentations that
optimize one or more of the

k"llllllll\{l Neasures

v
Examine winning
clusters to select best

gegmentation

Figure 8:An example of the supervised implementation of the GEOBIA technique (source: [14]).

To create a more accurate representation that will result in enhanced repeatability while simultaneously
lowering labour subjectivity and time expense, the primary objective of GEOBIA is to incorporate the
concept of human visual perception of objects either during or after the categorisation process [24].
During the GEOBIA process, image segmentation plays a significant part. During this process, features
are extracted with respect to their numerous qualities in order to differentiate one region from another
geographical area.

Results and Analysis

Although there were ten tanks inside the study area (as shown in Figure 4), we restricted our validation
investigation to include tank 7 for the purpose of this research. A horizontal deformation velocity map
(millimetres), a coherence image map, segmentation findings, and a time series plot displaying a trend
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comparison between our deformation results using (DInSAR) and the classical geodetic insitu
measurements are those that are included in the results.

The Results of the Vertical Deformation

Following the conversion from the residual phase correction to the phase to deformation (Figure 7),
masking the area of low coherence, and geo-coding the products to have absolute geographical
locations, the vertical deformation maps for each and every InSAR pair were ultimately obtained.Figure
9 is a representation of the vertical deformation map that may be found on Google Earth.

-41.76 mm -19.86 mm 2.04 mm

Figure 9:Representation of the vertical deformation map that may be found on Google Earth.

There are some tanks that have been affected by deformation, as shown in figure 9, but there are other
tanks that may not have been damaged at all. By measurements, the range of deformation that can occur
is 2.04 millimetres to -41.76 millimetres. The displacement is classed using three different colours (red,
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white, and blue) according to the degree of deformation that occurs within each pair. These colours
indicating high risk, medium risk, and low risk deformations, respectively, are used to classify the
displacement. The vertical deformation of oil storage tanks is depicted in Figure 10, which also includes
a matching shapefile.

Figure 10: The matching shapefile alongside the horizontal deformation of oil storage tanks.

The Results of the Coherence Image

It has been demonstrated that the consistency of the subsidence zones has a direct bearing on the
accuracy of  the ground subsidence values that are monitored [28].
It is for this reason that the coherence between the reference image and the secondary image is evaluated
as a measure of the quality of the phase information [29]. Interferometric processing can be performed
on the pictures if they share significant similarities, which means that they are suitable for use.An
overlay of the shapefile of oil storage tanks is shown in Figure 11, which depicts the coherence image
from March 2016 to March 2017.
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However, in Figure 11, the coherence image for the period of March 2017 to March 2016 is displayed
with intensity levels ranging from O to 1. The high-quality pixels with the black pixels display an
intensity of 0 (no distortion), whereas the white pixels display an intensity of 1 (deformation). There is
a possibility that deformation occurred in around twelve of the sixteen tanks that were displayed.

Figure 11: An overlay of the shapefile of oil storage tanks, which depicts the coherence image from
March 2016 to March 2017.

Evaluation of the Segmentation

In GEOBIA, where features are retrieved with respect to their numerous qualities in order to
differentiate one region from another, image segmentation plays a significant role in the process. In our
approach, the results of the deformation map were partitioned into raster objects, also known as
segments, by employing a region expanding segmentation technique as a post classification procedure
(see Figures12 and 13).in order to get rid of the false positives and keep the actual positives (as in Figure
12), It was necessary to trim the segmented deformation image of the research area (Figure 13) The true
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positives segmented deformation image is superimposed with a shapefile of crude oil storage tanks, as

seen in Figure 12.An existential analysis was performed on the theme object that was constructed as a
result.

Figure 12: The true positives segmented deformation image is superimposed with a shapefile of crude
oil storage tanks.
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Figure 13: A segmented deformation image of crude oil storage tanks is superimposed on top of a
shapefile.
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Extracting Deformation Values.

In order to extract the deformation values from the DInSAR processed image, the XYZ survey points
that were observed from the STUD and were located in the oil storage tanks were imported and
employed. In order to verify the observation points (STUD) along with the monitoring findings of the
deformation image (as in Figure 14), the subsequent steps were taken.The image of the deformation of
Tank 7 with STUD (12) captured around the crude oil storage tanks is shown in Figure 14.For the
purpose of statistical analysis, these retrieved deformation values were utilised.

Figure 14: The image of the deformation of Tank 7 with STUD (12) captured around the crude oil

storage tanks.(Source: [7]). Permission obtained to reuse the image was obtained from the authors.
Copyright year: 2022; Publisher: WJRR).

A typical geodetic X, Y, and Z deformation measurement is shown in Figure 15, which displays the
values of the deformation.Similar to the previous example, the values of deformation range from -
129.254mm to -122.6mm. Additionally, the level of deformation varies from one STUD to another, and
this variation is determined by the size of the bubble.The bubble plot of the retrieved deformation values
on STUD positions on Tank 7 achieved through the use of the conventional geodetic technique is shown
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in Figure 15.Figure 16 depicts the bubble plot that was generated using the values of deformation that
were taken from Tank 7. Between -29.669mm and -3.131mm is the range of values for the deformation
metric. Varied STUDs have varied levels of distortion, and the size of the bubble is what differentiates
them from one another. A summarised table on the accuracy evaluation of the 10 oil storage tanks that
were located within the study region is presented in Table 1.
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Figure 15: The bubble plot of the retrieved deformation values on STUD positions on Tank 7 achieved
through the use of the conventional geodetic technique.
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Table 1: A summarised tableon the accuracy evaluation of the 10 oil storage tanks that were located
within the study region (Source: [7]). Permission obtained to reuse table was obtained from the authors.
Copyright year: 2022; Publisher: WIRR).

Tank Number Tank Observation Percent of  false | Percent of true
positives positives

1 Deformed 4.154 95.846

2 Deformed 13.845 86.155

3 Deformed 79.287 20.712

4 Deformed 11.479 88.521

5 Deformed 78.367 21.633

6 Deformed 99.487 0.513

7 Deformed 30.765 69.235

8 Undeformed 100.000 100.000

9 Deformed 99.963 99.963

10 Deformed 4.566 4.566

The Results of the Statistical Analysis

The method of linear regression was utilised throughout the statistical analysis.
The linear regression tests are used to determine the relationship between the extracted deformation
results from the DInSAR approach and the measured or computed deformation results from the classical
geodetic technique. A statistical correlation plot of the extracted deformation values on STUD locations
using DInSAR and the standard geodetic approach is shown in Figure 17.

Scatter Plot Showing Horizontal Deformation Trend of Tank7 Between
DInSAR and Geodetic Measurement Techniques.

150 1226
.
£ 100 / \ 73.23 73503
E' / \ ‘ A L 1
& / \ \
/ \ 2887 /
3 50 ] \ 16.573
g 9.217 / \s131 A% "Ig 111 \ »
£ 048 -9 R [ - \" /UN a3 [ -13.642 \
I 2]12455 2ager UL Lgged 18083 \ T SN\ s [PIF I3ERA o0 e
a 0 —3 o k" P/ e 3537 / w 14
B 50 ~._-61581 -5 N \ | "o’
- e S T "
3 ' /
= -100 -126.264
Studs Position (1-12) T
-150
—e— Horizontal_Detected_March_2016_March_2017 (DInSAR) —e&— Horizontal_Validation_March_2016_March_2017 (Geodetic)

I
Figure 17: A statistical correlation plot of the extracted deformation values on STUD locations using

DInSAR and the standard geodetic approach. (Source: [7]). Permission obtained to reuse the image
was obtained from the authors. Copyright year: 2022; Publisher: WJRR).

96
NWODO GO, ALOHAN N.O, EJIKEME J.O



https://portal.issn.org/resource/ISSN/2354-3361
https://doi.org/10.5281/zenodo.15668223
http://www.journals.unizik.edu.ng/jsis

JOURNAL OF SPATIAL INFORMATION SCIENCES ISSN: 2354-3361
VOL. 2, ISSUE 2, PP 78-102, 2025 DOI: https://doi.org/10.5281/zenodo.15668223
PUBLISHED 15-05-2025

www.journals.unizik.edu.ng/jsis

Also, another result in Figure 18 shows the vertical deformation plot from Studs around Tank
7 using (Geodetic) method. The deformation values ranges from (-18.664 mm — 8.87mm). It
reflects the size of the bubbles differentiates the deformation on one Stud from another.
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Figure 18: The graphical plot of vertical deformation around Tank 7

Also, using the coordinates, the deformation values were validated using a comparative
analysis of the two approaches utilised. The coordinates of the studs around tank 7 which are
12 in number obtained using the traditional method(total station) and Interferometric Synthetic
Aperture Radar (see Figure 19).

Scatter Plot Showing Vertical Deformation Trend Tank 7 Between
15 .DInSAR and Geodetic Measurement Techniques (March 2016 - 2018)
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Measurements using a Scatter Plot
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Discussions

According to the findings that are displayed in Figure 10, Tank 9 underwent a moderate amount of
deformation, whilst Tanks 10,7,6,5,4,3,2 and Tank 1 underwent complete distortion, but Tank 8
definitely did not undergo any deformation at all. In Tank 8, the absence of deformation can be attributed
to the fact that it was devoid of any contents and was not utilised during the time period under
investigation. In addition, the coherence images that are displayed in Figures12-13 provide
unmistakable evidence that this is undergoing deformation. When compared to the black pixels in
Figure 11, the bright pixels have an intensity of 1, whereas the black pixels have an intensity of 0.
Additionally, the areas of distortion are displayed by the bright pixels, whereas the black pixels do not
display any deformation. There are some tanks that fall into the white pixels, which indicate that they
have deformed, but there are other tanks that fall into the black pixels, even though they have not been
deformed. The summary of the accuracy evaluation provides additional confirmation in Table 1 that
there was radial displacement during the observation period at varied rates. Additionally, it reveals that
there was a movement in the site of the greatest deformation magnitude. The sinking that has been seen
is likely to be influenced by recent global warming as well as the rise in sea level that is linked with
storm surge [3,4,18]. In addition, the non-uniform settlement of tank foundations, the loading and
unloading of oil, and the temperature of the crude will all produce stress on the membrane of the tank
[7,11]. It is also possible that the breakdown of the tank substrate by soluble sediments may lead to
deformation [7,11,13]. This is because of the poor monitoring, inspection, and maintenance techniques
that have been implemented. However, avertical deformation map with STUDS ranging from one to
twelve is depicted in Figure 11, which is located around crude oil tank 7. These values of deformation
were extracted with the help of this., as shown in Figure 20.
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Figure 20: Bubble plot depicting vertical deformation of tank 7.

A plot of the vertical deformation that was obtained from Studs surrounding Tank 7 using geodetic
methods is presented in Figure 15. From -126.254mm to 122.6mm, the values of the deformation span
along this spectrum. Similarly, the vertical deformation plot from Studs surrounding Tank 7 is depicted
in Figure 16, which was created using our approach (DInSAR). Between -29.669mm and -3.131mm is
the range of values for the deformation process. It is possible to discern the deformation on one Stud
from that of another based on the size of the bubbles. In a similar manner, the distinction between the
deformations on one stud and another is determined by the size of the bubbles. The American Petroleum
Institute (API) Standards state that even though some of the tanks have experienced deformation, none
of the tanks should be taken out of service because the distortion is still within the acceptable range for
safety.

As can be seen in Figures 17 and 19, there is a correlation that is not uniform between the classical
geodetic measurement and the DinSAR. Both of the predicted DInSAR deformations are in the line of
sight (LOS) direction of the SAR satellite, and the geodetic coordinates are in reference to the position
of the GPS [7,30]. The variations in pressure that occur as a consequence of the fluctuation within the
oil level are the cause of the fluctuations in vector direction that occur in both the DinSAR as well as
geodetic measurements [14,31]. The DInSAR deformation trend is gradual, which is the pattern of
deformation that is expected to occur in oil storage tanks (with the exception of extreme circumstances
of external pressure). In oil storage tanks, the geodetic deformation trend is erratic and does not
represent the expected deformation pattern in reality (it demonstrates severe external pressure, which is
extremely uncommon) [13,32]. It is possible that the mistake in the geodetic deformation trend is the
result of the complexity of the mathematical model that was used to produce the results (this is still a
particularly difficult problem in engineering geodesy). Based on the regression analysis, it appears that
the horizontal distortions of the circular cross-section of tank 7 are deforming at a maximum line of
sight (LOS) range of -3.131mm to -29.669mm per year for DInSAR, and -126.254mm to 122.6mm per
year for the classic geodetic approach [7,33,34]. Lastly, in the earlier study by Nwodo et al. [7], the
results were based on horizontal displacement, unlike the vertical displacements in this present study.
However, since the storage tanks are circular in both cases, the analysis confirms that both studies have
deformations that present similar behaviours for the large oil storage tanks.

Conclusion

Large oil storage tanks that fail almost often result in fatalities, which can result in the loss of money,
lives, and property, as well as the pollution of aquatic life and legal action, among other things. We
established a system for periodic monitoring of these engineering structures in this study. The purpose
of this monitoring was to determine the health of the structures as well as any substantial displacements
from their original design specifications. The shortcomings of conventional geodetic methods for
measuring oil storage tank deformations are addressed by our methodology, which reduces the
expenditures, the level of difficulty, and the amount of time that is required. In addition to this, it
proposes a solution that addresses the problem of oil spillage in Nigeria, which is caused by the failure
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of huge oil storage tanks and other engineering facilities. This approach involves the implementation of
systematic monitoring. Despite the fact that the major objective of this research is not to provide a
thorough structural deformation of the observed deformation, the simplified technique (supplementary
information) does demonstrate the capability of observing the radial horizontal circular distortion that
occurs in crude oil storage tanks. As a result, this cost-effective technique, which demonstrates a
significant improvement over the conventional geodetic approach, will address a significant difficulty
in the Nigerian oil sector and reduce the amount of global warming that is caused by oil pollution.
Additionally, it will be efficient and helpful for the monitoring of safety risks associated with these oil
tanks, particularly in developing nations that have fewer resources overall.
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