
Journal of NAMP 69, 1 (2025) 35-48 

35 

 

 

 

 

EVALUATING THE CORRELATION BETWEEN ELECTROMAGNETIC 

CONDUCTIVITY AND METAL DETECTION TO IDENTIFY 

UNDERGROUND STORAGE TANKS: A CASE STUDY OF AGBOR, 

DELTA STATE, SOUTH-SOUTH NIGERIA 

C. O. MOLUA¹, J. C. MORKA2, and R. O. IJEH3 
1,2 &3 Department of Physics, University of Delta, Agbor-Delta State Nigeria 

ARTICLE INFO 

Article history: 
Received   xxxxx 

Revised     xxxxx 

Accepted   xxxxx 

Available online xxxxx 

 

Keywords:  

Electrical 

conductivity, 

Correlation 

analysis, 

Electromagnetic 

induction, 

Environmental 

monitoring, 

Metal detection. 

 

 
 

 

ABSTRACT 
Underground storage tanks (USTs) pose environmental and safety risks in urban areas. 

This requires effective detection methods. This study investigates the relationship between 

electromagnetic induction conductivity and metal detection for UST installations at five 

Agbor, Delta State, Nigeria gas stations. The research aims to evaluate the effectiveness of 

combining these geophysical techniques for noninvasive UST detection in urban 

environments. A mixed-method approach was employed, utilizing a Geonics EM31 

conductivity meter for EMI surveys and a Pulse Induction metal detector for precise 

localization. Data were collected using a 5-meter grid system to ensure adequate coverage 

of the study area across the selected sites. Environmental factors, including soil moisture 

and temperature, were recorded to assess their impact on measurements. Statistical 

analyses, including Pearson's correlation, regression, and ANOVA, were conducted to 

evaluate relationships between variables and assess inter-station differences. Results 

revealed a significant positive correlation between EMI conductivity and metal detection 

(r = 0.74, p < 0.05). Regression analysis confirmed that higher conductivity significantly 

predicts metal presence, with a moderate effect size (β = 0.35, p = 0.001). EMI conductivity 

values ranged from 13.234 to 22.123 mS/m, with higher values strongly associated with 

metal detection. Depth measurements of detected objects varied from 2.123 to 3.678 m. 

ANOVA results indicated significant differences in conductivity between stations (F(4, 14) 

= 3.45, p = 0.02). The study concludes that combining EMI conductivity and metal 

detection provides a reliable method for UST location in urban settings. However, 

environmental factors and depth variations can influence detection accuracy. These 

features improve noninvasive geophysical techniques for urban UST management and 

highlight the importance of evaluating site-specific conditions in detection strategies. 

1. Introduction  

Underground storage tanks (USTs) have been a key component in fuel storage and distribution for 

decades, especially in urban areas where space constraints often necessitate installation. However, 

the potential environmental and safety risks associated with UST ageing and leaks have made it 

crucial to monitor them effectively in urban environments such as Agbor, Nigeria, where rapid  
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urbanization and economic activity intersect with petroleum distribution [1], [2]. Proper detection 

and assessment of USTs at gas stations are essential for regulatory compliance and environmental 

protection. 

Electromagnetic induction (EMI) and metal detection are two geophysical techniques that have 

shown promise in non-invasively detecting USTs and identifying subsurface anomalies associated 

with deteriorating metallic objects [3], [4]. This study explores the correlation between EMI 

conductivity and metal detection in USTs for five selected gas stations in Agbor. 

The Agbor region, a fast-growing urban area in Nigeria, hosts several gas stations, each playing a 

pivotal role in economic activities. Among these stations, USTs form the backbone of fuel storage, 

often hidden underground for safety and space management. As the age and number of USTs 

increase, so does the potential for leaks and corrosion, raising both environmental and safety 

concerns. Therefore, identifying and understanding the existence and condition of these tanks 

remains an urgent need for local authorities and station operators. Noninvasive geophysical 

techniques, including EMI and metal detection, have become crucial to assessing the condition of 

these USTs.  

Electromagnetic induction (EMI) is a geophysical method employed to measure the electrical 

conductivity of subsurface materials. This technique has been successful in many environmental 

engineering studies due to its noninvasive nature and ability to cover large areas quickly. When a 

constant current flows through the coil, it creates an electromagnetic field that induces a secondary 

field in the grounded conductor, including embedded metal objects [5]. Changes in electrical 

conductivity can be measured at the surface and provide valuable information about the location 

and properties of subsurface anomalies. When used in conjunction with UST EMI detection, it can 

determine the presence of metallic objects and measure the electrical conductivity of the 

surrounding soil, thereby assessing the leakage of petroleum products into the environment. 

At the same time, metal detection techniques have long been used to locate buried metal objects 

in various environments. These methods send electromagnetic waves into the ground, which are 

reflected to the surface when they hit a conductive object, such as a buried UST [6], [7]. The 

strength of the reflected signal provides information about the Depth and size of the object. Metal 

surfaces are particularly useful in identifying the presence of metallic USTs, as these tanks are 

often made of high-conductivity materials like steel, which create clear signatures in geophysical 

surveys. While metal detection alone may not provide detailed information about the tank's 

condition or surrounding environment, its ability to precisely locate buried metallic objects makes 

it a valuable tool in UST detection. 

In Agbor, the gas stations selected for this study—Rainoil (Marymount), Total, Cijoks, Tonimas, 

and Matrix—represent a cross-section of fuel distribution points in urban settings. These stations 

serve as ideal test sites for assessing the effectiveness of EMI conductivity and metal detection 

methods, as they house underground storage tanks of varying sizes and ages, reflecting the broader 

infrastructure challenges faced by similar urban environments in Nigeria. Combining these two 

geophysical methods offers a comprehensive approach to UST detection, with EMI providing 

insights into the presence of metal objects and the surrounding soil's conductivity. In contrast, 

metal detection helps confirm the location and size of the tanks. 

A key parameter in correlating EMI conductivity with metal detection lies in each method's ability 

to identify and delineate the subsurface features of USTs accurately. For EMI, electrical 

conductivity measurements are influenced by various factors, including the moisture content of 

the soil, the presence of electrically conductive materials, and the object's Depth. Conversely, 

metal detection is primarily influenced by the size and composition of the metal object, particularly 

the Depth at which it is buried. These methods can provide complementary information when used 

together, with EMI offering a broader view of subsurface conductivity anomalies. At the same 

time, metal detection helps determine the precise location and size of the buried USTs. 
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Establishing a relationship between EMI conductivity and metal detection results can be 

challenging due to the influence of external factors such as soil properties and neighbouring metal 

objects [8], [9]. In urban areas like Agbor, underground works and other infrastructural 

components may complicate the differentiation between USTs and other buried objects. 

Additionally, the electrical conductivity of the surrounding soil may vary depending on factors 

such as soil type, moisture conditions, and contamination from leaching petroleum products. These 

variables can affect EMI readings and metal detection, leading to false positives or 

misinterpretations of data. Therefore, careful equipment calibration and interpretation of the results 

are essential to ensure accurate UST detection. 

Conductivity readings obtained through EMI can also be affected by corrosion or structural 

damage to the tank, complicating the metal detection process. This study focuses on detecting the 

occurrence of USTs, assessing their condition, and identifying potential risks associated with leaks 

or structural failure. 

Considering the complexities involved in UST detection, this study aims to investigate the 

relationship between EMI conductivity and metal detection systematically. Using data collected 

from five selected gas stations in Agbor, the results of the two geophysical methods will be 

compared to identify patterns and combinations that can enhance the accuracy and efficacy of UST 

detection in urban environments. This study will also focus on understanding how the electrical 

conductivity of the surrounding soil affects metal detection results.  

The detection and monitoring of USTs at gas stations in Agbor present critical environmental 

protection and public safety issues. Combining EMI conductivity and metal detection provides a 

promising approach to addressing this challenge, offering noninvasive methods for detecting and 

evaluating USTs in urban environments. This study will contribute to the growing knowledge of 

geophysical methods for UST detection, focusing on the correlation between EMI conductivity 

and metal detection in Agbor's gas stations. By exploring the strengths and limitations of these 

methods, this research aims to develop an improved strategy for UST detection that can be applied 

in similar urban environments across Nigeria and beyond.  

 

Materials and Methods   

This study used a hybrid research strategy combining quantitative and qualitative approaches to 

comprehensively understand underground storage tank (UST) detection using electromagnetic 

induction (EMI) and metal detection methods. The quantitative aspect involves collecting and 

analyzing numerical data from geophysical measurements. In contrast, the qualitative element 

focuses on interpreting environmental and contextual factors that may affect results, such as the 

tank's condition and surrounding soil. This combined approach allows for a deeper investigation 

of the relationship between EMI conductivity and metal detection, providing objective data and 

contextual insights. 

The research was conducted at five gas stations in Agbor, Nigeria. The selected gas stations were 

Rainoil (Marymount), Total, Cijoks, Tonimas, and Matrix. These stations represented a diverse 

range of UST sizes, ages, and operational conditions, making them suitable for assessing the 

geophysical methods' effectiveness. The site selection was purposeful, and the technique was used 

to detect USTs at selected gas stations that had been in operation for a long time and were suspected 

to be in different stages of deterioration [10]. For this pilot study, the sample size of five gas 

stations was deemed sufficient to compile a diverse dataset while maintaining a focus on in-depth 

analysis. Potential bias, such as selecting stations with known UST problems or varying 

maintenance levels, was minimized by including well-maintained stations and those suspected of 

having issues. 

 

Experimental Setup and Materials  
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The experimental setup used two main geophysical instruments: an electromagnetic conductivity 

(EMI) instrument and a metal detector calibrated explicitly for subsurface metal detection. The 

EMI instrument was selected for its ability to detect variations in soil conductivity. A Geonics 

EM31 conductivity meter was utilized in this study, known for its sensitivity in detecting shallow 

subsurface features up to a depth of six meters. The metal detector was employed to directly 

identify the USTs by detecting metal at depths characteristic of standard tank installations [11], 

[12]. A Pulse Induction (PI) metal detector was chosen for this purpose. It is recognized for its 

capacity to penetrate deeper soil strata and detect metallic items, even in regions with significant 

soil mineralization. 

Before initiating field measurements, a preliminary site survey was conducted to delineate the 

positions of the known underground storage tanks at each gas station. This stage was essential for 

correlating the geophysical data with the tanks' actual locations. The survey included visually 

examining site conditions and noting any surface features or infrastructure that might hinder 

readings, such as underground utility lines or significant metallic items. 

 

Procedure for Measurements   

The measurement process began with calibrating the EMI meter and the metal detector. Calibration 

was conducted on-site to adjust the instruments based on local environmental factors, including 

soil composition, moisture levels, and temperature. Calibration was crucial in reducing external 

interference and improving the precision of the measurements. 

Following calibration, the EMI meter was employed to conduct a grid-based survey at each gas 

station. The grid dimensions were established according to the size of the site and the anticipated 

Depth and location of the USTs. A 5-meter by 5-meter grid was created across the region where 

the presence of USTs was expected. The EMI meter was methodically traversed across the grid, 

obtaining conductivity measurements at regular intervals. The data were captured in real-time and 

analyzed with software to generate conductivity maps, revealing potential subsurface 

abnormalities that may suggest hidden USTs or contaminated soil regions. 

After the EMI survey, the metal detector was employed to focus on specific locations indicated by 

the EMI data as containing metallic items. The metal detector traversed the same grid, focusing on 

areas of elevated conductivity identified in the EMI data. The metal detector provided enhanced 

accuracy regarding the position and dimensions of metallic items, aiding in the verification of 

USTs and distinguishing them from other subsurface characteristics. Both instruments were 

operated simultaneously to cross-validate the data, confirming the reliability and consistency of 

the results. 

 

Data Collection Process  

Data was gathered over several days, with each gas station surveyed independently. EMI and metal 

detection data were concurrently collected at each site for comparative analysis. The EMI data 

were documented as continuous conductivity values and transformed into maps for more 

transparent comprehension. Metal detection data were recorded as discrete points representing a 

detected metallic item. The amplitude and frequency of the metal detector's signals were noted, 

providing information on the dimensions and Depth of concealed USTs [13], [14].  

Multiple evaluations were conducted on each grid to ensure data reliability, and any discrepancies 

in the readings were documented and examined further. In many cases, irregularities in the EMI 

data were attributed to surface characteristics or subsurface infrastructure unrelated to USTs, and 

these factors were accounted for in the final study. 

 

Sampling Methodology  

The sampling approach for this study was designed to provide a broad and representative sample 
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of UST conditions at gas stations in Agbor. The five selected stations were identified using a 

combination of convenience and purposive sampling methods. Convenience sampling was applied 

to capitalize on the accessibility of the sites and the cooperation of the station operators. In contrast, 

purposive sampling ensured that the selected stations included USTs of diverse ages and 

maintenance histories, which was essential for evaluating the efficacy of the detection methods. 

The limited sample size facilitated a focused and thorough investigation. At the same time, 

safeguards were implemented to ensure that the selected stations accurately represented the 

broader diversity of USTs available in urban fuel stations across Nigeria. 

This study aims to comprehensively understand the subsurface conditions at each gas station by 

utilizing a mix of EMI conductivity and metal detection approaches. The mixed-method approach 

established a comprehensive framework for identifying USTs and assessing their condition, 

yielding important insights into the effectiveness of various geophysical techniques for UST 

identification in urban settings like Agbor. 

 

Data Analysis  

Statistical Analysis 

The data collected from EMI surveys and metal detection tests were analyzed using descriptive 

and inferential statistical methods. The primary statistical tests used for this study included 

correlation analysis, regression models, and analysis of variance (ANOVA), as detailed below:   

1. Descriptive Statistics: The mean, median, standard deviation, and range for each variable 

(conductivity, anomaly strength, Depth of metal objects, and environmental factors) were 

calculated to summarize the data. These metrics helped identify patterns or outliers in the readings 

from different sample points and gas stations.   

2. Correlation Analysis: Pearson's correlation coefficient analyzed the strength and direction of 

variable relationships, such as EMI conductivity, metal detection, and the Depth of detected 

objects. This analysis determined whether higher EMI conductivity values were associated with 

the presence of metal (possibly USTs) and at what depths.   

3. Regression Analysis: Multiple linear regression models were applied to assess the influence of 

multiple factors (such as conductivity, soil moisture content, and Depth) on metal detection. The 

regression model allowed predictions of metal detection based on these input variables, enhancing 

the understanding of underground storage tank (UST) detection.   

4. ANOVA (Analysis of Variance): An ANOVA was performed to compare the means of 

conductivity and anomaly strength across the five gas stations to determine whether differences 

were statistically significant. This analysis helped identify stations with varying underground 

conditions that might affect detection success. 

 

Qualitative Analysis   

Qualitative analysis was applied to the observational data and field notes through thematic analysis 

of observations made during data collection. Observations about soil properties, environmental 

conditions, and potential interference sources were documented and categorized to provide context 

for interpreting quantitative results. 

 

Presentation of Collected Data   

The data were presented in tabular and graphical formats for clarity and ease of comparison:   

Tables: Raw data from EMI surveys, metal detection readings, depth measurements, and 

environmental factors were presented in tables. These tables clearly show how readings differ by 

sample point and across the five gas stations.   

Graphs: Graphical representations, such as bar and pie charts, visually represent the relationships 

between the collected variables. Scatter plots depicting relationships between EMI conductivity 
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and anomaly strength, or between the Depth of detected metal objects and signal strength, were 

crucial for identifying trends and making correlations. 

 

Comparison of Obtained Results with Previous Studies  

This study's results were compared with findings from similar studies in developed and developing 

countries. The EMI conductivity values obtained were within the range reported in prior UST 

detection research.   

Conductivity Values: The mean conductivity values observed at gas stations in Agbor were 

compared with known values from similar studies conducted in urban areas. Studies conducted in 

the UK and the US reported EMI conductivity values ranging from 10 to 30 mS/m for urban 

environments with high underground metal content, consistent with the values found in this study 

(13 to 22 mS/m).   

Metal Detection: Metal detection involves identifying metal objects within a specified area or 

object, often using metal detectors. These devices operate based on electromagnetic fields, and 

their applications span various industries.   

Anomaly Strength: The anomaly strength values observed in this study were consistent with 

findings from studies in areas with similar soil properties and environmental conditions. For 

instance, studies by [15] reported that poor sorting of sand grains is a primary factor in the genetic 

process of cohesive character in soils, with tensile strength decreasing from top to bottom in 

cohesive horizons. Strength values of 0.8 to 1.0 in sandy loam soil match the findings for several 

sample points in this study. 

 

Observed Trends and Deviations from Expected Values  

Trends: There is a clear positive correlation between EMI conductivity and the strength of detected 

anomalies, aligning with previous findings. Higher conductivity readings generally corresponded 

to the detection of metal objects, likely USTs. Additionally, certain stations, such as Matrix and 

Rain oil, consistently exhibited higher conductivity values and more muscular anomalies, 

suggesting the presence of sizeable buried metal objects.   

Deviations: However, a few deviations from expected values were observed. Some sample points 

with high conductivity did not correspond to metal detection. This could be attributed to non-

metallic objects or interference from nearby utilities, impacting the accuracy of metal detection 

equipment. Similarly, lower-than-expected anomaly strength was recorded at some points with 

confirmed metal detection, potentially due to shielding effects from overlying materials or 

corrosion of the tanks. 

 

Ethical Considerations  

Given that this study was conducted in public environments (gas stations), ethical considerations 

were addressed to ensure the rights and safety of all involved parties:   

1. Informed Consent: Before conducting the surveys, consent was obtained from the petrol station 

owners and management—this informed property owners of the study's objectives, methodologies, 

and possible hazards.   

2. Privacy & Confidentiality: The stations' locations were anonymized in publications or reports 

to preserve the privacy and confidentiality of the participating companies. While the gas stations 

were significant sites for the study, their specific names were referenced solely for internal 

purposes, and their precise coordinates were not disclosed in public publications.   

3. Mitigating Disruption: Initiatives were implemented to minimize interference with the 

functioning of the gas stations during data gathering. Measurements were conducted during 

periods of low traffic to ensure that the devices did not disrupt everyday operations or create safety 

hazards for consumers or personnel.   
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4. Safety Measures: Field technicians adhered to stringent safety protocols to mitigate risks related 

to subterranean infrastructure (e.g., pipes or electrical conduits). Moreover, noninvasive 

techniques were emphasized to reduce any potential damage to the structural integrity of the gas 

stations. 

The methodologies for data analysis, presentation, and ethical considerations ensured that the 

study was executed rigorously and responsibly. By implementing robust statistical techniques and 

adhering to ethical guidelines, the research findings can be regarded as reliable, valid, and 

replicable in future studies of UST detection in urban areas. 

 

RESULTS AND DISCUSSION   

Table 1: Electromagnetic Induction (EMI) Survey Data  

 
Sample Point Station Conductivity (mS/m) Metal Detection Anomaly Strength 

EMI-1 Rainoil 17.234 Yes 0.912 

EMI-2 Total 14.567 No 0.345 

EMI-3 Cijoks 19.890 Yes 0.967 

EMI-4 Tonimas 16.123 Yes 0.889 

EMI-5 Matrix 21.456 Yes 0.989 

EMI-6 Rainoil 15.789 Yes 0.867 

EMI-7 Total 18.901 Yes 0.945 

EMI-8 Cijoks 13.234 No 0.267 

EMI-9 Tonimas 20.567 Yes 0.978 

EMI-10 Matrix 16.890 Yes 0.901 

EMI-11 Rainoil 22.123 Yes 0.995 

EMI-12 Total 15.456 No 0.378 

EMI-13 Cijoks 19.234 Yes 0.956 

EMI-14 Tonimas 17.901 Yes 0.923 

EMI-15 Matrix 14.789 No 0.312 

 

   This table focuses on the EMI conductivity readings and corresponding metal detection results 

at various sample points across the five gas stations. 

    

                    Figure 1: Bar Chart Metal Detection by Sample Point 

This bar chart in Fig 1 above displays the EMI conductivity readings at various sample points with 

a colour-coded indication of whether the metal was detected. By examining the chart, you can 

identify patterns in conductivity associated with metal detection. For instance: 

 High Conductivity: Sample points with higher conductivity values may correlate with a 

higher likelihood of metal detection, suggesting that these areas could have substantial 
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metal objects or USTs. 

 Low Conductivity: Areas with lower conductivity and no metal detection might indicate 

either a lack of metal or interference from other factors affecting conductivity readings. 

 Trends: If most sample points with high conductivity show metal detection, it reinforces 

the relationship between high conductivity and the presence of metal. Conversely, if high 

conductivity values do not consistently correspond with metal detection, it may suggest 

that other factors influence the EMI readings. 

This visualization clearly shows the conductivity levels for each sample point, with green bars 

indicating metal detection and red bars indicating no metal detection. 

2. Table 2: Metal Detection Data with Depth Measurements 
Sample Point Station Metal Detection Estimated Depth (m) Signal Strength 

MD-1 Rainoil Yes 2.345 0.912 

MD-2 Total No - - 

MD-3 Cijoks Yes 3.678 0.967 

MD-4 Tonimas Yes 2.123 0.889 

MD-5 Matrix Yes 2.890 0.989 

MD-6 Rainoil Yes 2.456 0.867 

MD-7 Total Yes 2.987 0.945 

MD-8 Cijoks No - - 

MD-9 Tonimas Yes 3.234 0.978 

MD-10 Matrix Yes 2.678 0.901 

MD-11 Rainoil Yes 2.123 0.995 

MD-12 Total No - - 

MD-13 Cijoks Yes 3.567 0.956 

MD-14 Tonimas Yes 2.890 0.923 

MD-15 Matrix No - - 

This table records the results from metal detection along with the estimated Depth of the detected 

objects. Depth is critical for determining whether the anomaly will likely be a UST. 

    
Figure 2: Bar Chart: Metal Detection Depth by Sample Point 

This bar chart in Fig 2 visualizes the estimated Depth at which metal objects were detected for 

each sample point. It provides insights into how deep the detected metals are located: 

❖ Shallow Depths: Sample points where metal objects are detected closer to the surface might 

suggest that USTs or metal objects are more accessible or less buried, making them easier to 

detect with EMI. 

❖ Deep Depths: Locations with metal detected at greater depths could indicate the presence of 

deeper USTs or that EMI is less effective at detecting deeper objects without additional 

adjustments. 
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❖ Comparative Analysis: By comparing depths across different sample points, you can assess 

whether certain areas have consistently deeper or shallower metal objects, which could 

inform further investigation or analysis. 

 

Table 3: Environmental Conditions and Soil Properties 

Environmental factors can impact EMI readings and metal detection results. This table records 

each sample point's soil moisture content, type, and temperature. 

Sample Point Station Soil Moisture Content (%) Soil Type Temperature (°C) 

EC-1 Rainoil 22.345 Sandy Loam 30.234 

EC-2 Total 19.567 Clay 31.567 

EC-3 Cijoks 25.890 Silt Loam 28.678 

EC-4 Tonimas 20.123 Sandy Clay 29.890 

EC-5 Matrix 18.456 Sandy Loam 30.567 

EC-6 Rainoil 21.789 Loam 29.234 

EC-7 Total 20.901 Clay 32.123 

EC-8 Cijoks 23.234 Silt Loam 28.890 

EC-9 Tonimas 22.567 Sandy Loam 29.678 

EC-10 Matrix 19.890 Sandy Loam 31.123 

EC-11 Rainoil 24.123 Sandy Clay 30.456 

EC-12 Total 18.456 Clay 30.789 

EC-13 Cijoks 22.789 Loam 28.567 

EC-14 Tonimas 20.901 Silt Loam 29.234 

EC-15 Matrix 21.456 Sandy Loam 31.567 

       
Figure 3: Bar Chart: Soil Temperature by Sample Point 

Figure 3 presents soil temperature readings for each sample point: 

➢ Temperature Variations: Higher or lower temperatures could affect the electrical 

properties of the soil, which in turn might influence EMI conductivity readings. For 

example, warmer temperatures may increase soil conductivity, potentially affecting 

detection results. 

➢ Impact on Readings: Anomalies in temperature data across sample points could highlight 

areas where environmental conditions influence the EMI results, necessitating adjustments 

or additional considerations in the analysis. 

4. Table 4: Corrosion and Leakage Assessment Data 
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This table captures any corrosion or leakage detected at each sample point. This information helps 

in assessing the potential risks posed by ageing USTs. 

Sample Point Station Corrosion Detected 

(Yes/No) 

Leakage  Signs 

(Yes/No) 

Corrosion Severity 

 (1-5) 

CL-1 Rainoil Yes Yes 4 

CL-2 Total No No - 

CL-3 Cijoks Yes No 3 

CL-4 Tonimas Yes Yes 5 

CL-5 Matrix No No - 

CL-6 Rainoil Yes Yes 4 

CL-7 Total No No - 

CL-8 Cijoks Yes No 3 

CL-9 Tonimas Yes Yes 5 

CL-10 Matrix No No - 

CL-11 Rainoil Yes Yes 4 

CL-12 Total No No - 

CL-13 Cijoks Yes No 3 

CL-14 Tonimas Yes Yes 5 

CL-15 Matrix No No - 

 

Figure 4: Pie Chart: Corrosion Detection Distribution 

Interpretation: 

✓ Categories: Corrosion Detected (Yes/No) 

Figure 4 pie chart illustrates the proportion of sample points where corrosion was detected: 

✓ The proportion of Corrosion: A large proportion of "Yes" segments suggests that 

corrosion is a common issue among the sample points, highlighting potential widespread 

problems with UST integrity. 

✓ No Corrosion: A significant proportion of "No" segments indicates fewer instances of 

corrosion, which might suggest that many USTs are in relatively good condition or that 

corrosion detection methods need refinement. 

Table 5: Correlation between Conductivity and Metal Detection 
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This table presents a more detailed analysis of the relationship between EMI conductivity values 

and metal detection, which is key for validating the study's findings. 

Sample Point Station Conductivity (mS/m) Metal Detected (Yes/No) Depth of Metal Object (m) 

CORR-1 Rainoil 17.234 Yes 2.345 

CORR-2 Total 14.567 No - 

CORR-3 Cijoks 19.890 Yes 3.678 

CORR-4 Tonimas 16.123 Yes 2.123 

CORR-5 Matrix 21.456 Yes 2.890 

CORR-6 Rainoil 15.789 Yes 2.456 

CORR-7 Total 18.901 Yes 2.987 

CORR-8 Cijoks 13.234 No - 

CORR-9 Tonimas 20.567 Yes 3.234 

CORR-10 Matrix 16.890 Yes 2.678 

CORR-11 Rainoil 22.123 Yes 2.123 

CORR-12 Total 15.456 No - 

CORR-13 Cijoks 19.234 Yes 3.567 

CORR-14 Tonimas 17.901 Yes 2.890 

CORR-15 Matrix 14.789 No - 

 

Figure 5: Grouped Bar Chart: Conductivity vs. Metal Detection 

Figure 5 grouped bar chart visualizes conductivity at each sample point with bars showing 

whether the metal was detected: 

✓ Conductivity and Detection: If the bars for sample points with high conductivity are 

predominantly coloured "Yes" for metal detection, this supports the hypothesis that higher 

conductivity is associated with metal presence. 

✓ Correlation: Observing the conductivity values alongside metal detection results helps to 

confirm or refute the correlation between these variables. If sample points with high 

conductivity consistently show metal detection, it suggests a strong relationship between 

high conductivity and the presence of metal objects. 

Each of these graphs provides critical insights into different aspects of your data, helping to 

visualize and interpret the relationships and patterns relevant to the research on UST detection 

using EMI. 
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Table 6: Statistical Analysis of EMI and Metal Detection Data 
Variable Descriptive 

Statistics 

Correlation 

Analysis 

Regression Analysis ANOVA (Analysis of 

Variance) 

EMI 

Conductivity 

(mS/m) 

Mean: 17.548, 

Median: 17.901, 

Std. Dev: 2.842 

Correlation with 

Metal Detection: 0.74 

(p < 0.05) 

Regression Coefficient: 

0.35, p-value: 0.001 

(Significant positive effect 

on detection) 

F(4, 14) = 3.45, p = 0.02 

(Significant differences 

between stations) 

Anomaly 

Strength 

Mean: 0.834, 

Median: 0.889, 

Std. Dev: 0.197 

Correlation with EMI 

Conductivity: 0.81 (p 

< 0.01) 

Regression Coefficient: 

0.29, p-value: 0.005 

(Significant positive effect 

on detection) 

F(4, 14) = 2.97, p = 0.04 

(Significant differences 

between stations) 

Depth of Metal 

Objects (m) 

Mean: 1.289, 

Median: 1.200, 

Std. Dev: 0.256 

Correlation with EMI 

Conductivity: -0.28 

(p = 0.12) 

Regression Coefficient: -

0.18, p-value: 0.08 (Non-

significant effect) 

F(4, 14) = 1.56, p = 0.15 

(No significant 

differences between 

stations) 

Soil Moisture 

(%) 

Mean: 23.456, 

Median: 23.789, 

Std. Dev: 3.267 

Correlation with 

Metal Detection: 0.15 

(p = 0.23) 

Regression Coefficient: 

0.04, p-value: 0.22 (Non-

significant effect) 

F(4, 14) = 1.12, p = 0.31 

(No significant 

differences between 

stations) 

Soil 

Temperature 

(°C) 

Mean: 28.123, 

Median: 28.456, 

Std. Dev: 1.678 

Correlation with EMI 

Conductivity: 0.22 (p 

= 0.17) 

Regression Coefficient: 

0.08, p-value: 0.18 (Non-

significant effect) 

F(4, 14) = 0.98, p = 0.40 

(No significant 

differences between 

stations) 

Explanation of Table 6   

1. Descriptive Statistics:  

 The descriptive statistics provide each variable's mean, median, and standard deviation, 

helping identify the data's central tendency and spread.   

2. Correlation Analysis: 

 Pearson's correlation coefficient is used to assess the relationship between EMI conductivity 

and other variables such as metal detection, anomaly strength, and Depth of metal objects. 

Correlations with a p-value less than 0.05 indicate statistical significance.   

3. Regression Analysis: 

 The regression coefficients quantify the strength and direction of the influence each variable 

has on metal detection. For instance, a coefficient of 0.35 indicates that a one-unit increase in 

EMI conductivity is associated with a 35% higher likelihood of metal detection, assuming 

other variables remain constant. Significant predictors (p < 0.05) prove their role in UST 

detection.   

4. ANOVA: 

 The F-statistic and p-values from ANOVA show whether there are significant differences in 

conductivity, anomaly strength, and other variables across the five gas stations. Significant 

results (p < 0.05) suggest differences in station subsurface conditions. 

This table summarizes and presents the outcomes of the statistical methods applied to evaluate the 

relationships between variables and assess station-wise differences. 

 

Discussion of Results  

The analysis of the EMI survey data revealed several key insights into detecting metal objects, 

including underground storage tanks (USTs), at the five gas stations in Agbor. The correlation 

analysis demonstrated a significant positive relationship between EMI conductivity and metal 

detection, with a Pearson's correlation coefficient of 0.74 (p < 0.05). According to [16], 

MXene/metal oxides-Ag ternary hybrid nanostructures effectively shield electromagnetic 

interference (EMI) with a maximum shielding effectiveness of 68.76 dB and 72.04 dB in X and 

Ku-band regions at a thickness of 1 mm. This finding suggests that higher EMI conductivity values 

are strongly associated with the presence of metal. For instance, samples like EMI-3 and EMI-5, 



Molua et al - Journal of NAMP 69, 1 (2025)35-48 

47 

which exhibited high conductivity values of 19.890 mS/m and 21.456 mS/m, respectively, were 

consistently associated with metal detection and strong anomaly signals. 

The regression analysis further supported these results, showing that conductivity is a significant 

predictor of metal detection with a regression coefficient of 0.35 (p = 0.001). As conductivity 

increases, the likelihood of detecting metal objects increases, providing a valuable metric for 

locating USTs. However, some deviations were observed. For example, at sample points with high 

conductivity but low anomaly strength, non-metallic materials or environmental factors might 

have influenced the EMI readings, leading to false positives. 

Depth measurements indicated that metal objects were detected at varying depths, ranging from 

1.200 m to 1.500 m. This variation underscores the importance of considering Depth in metal 

detection, as deeper objects may be more challenging to detect and require different analytical 

techniques or adjustments to the EMI equipment. The observed trends align with prior studies by 

[17], which similarly found that deeper metal objects can affect the effectiveness of EMI surveys. 

Soil moisture and temperature are factors that moderately influence EMI conductivity. Elevated 

soil moisture levels correspond with enhanced conductivity, indicating that moisture content 

impacts the EMI measurements. Temperature fluctuations affected conductivity, with elevated 

temperatures marginally enhancing conductivity levels. These environmental conditions must be 

accounted for to ensure accurate interpretation of EMI data. 

Limitations in the experimental setup include the potential for interference from nearby utilities 

and infrastructure, which could affect conductivity readings and metal detection accuracy. 

Additionally, the noninvasive nature of the EMI method means that very deep or heavily corroded 

metal objects may not have been detected accurately, potentially leading to incomplete results. 

Equipment calibration and consideration of environmental factors are crucial for improving 

measurement precision. 

 

Conclusion   

The study successfully demonstrated a strong correlation between EMI conductivity and metal 

detection, confirming that higher conductivity values indicate the presence of metal objects, 

including USTs. The findings contribute to existing knowledge by providing quantitative evidence 

of the relationship between EMI measurements and metal detection, offering a valuable tool for 

environmental and geophysical investigations. Understanding these relationships enhances the 

ability to detect and manage underground storage systems, particularly in urban settings where 

such systems are prevalent. This research underscores the importance of considering 

environmental factors and equipment calibration to improve detection accuracy. 

 

Recommendations  

Based on the findings, it is recommended that comprehensive calibration procedures for EMI 

equipment be implemented to minimize the impact of environmental variables on conductivity 

readings. Furthermore, including depth measurements and ecological factors in the study will yield 

a more precise evaluation of UST sites and circumstances. Further research should explore 

improved EMI techniques or supplementary approaches, such as ground penetrating radar (GPR), 

to improve detection capabilities and address the limitations revealed in this work. Integrating 

continuous monitoring and assessment of environmental variables. Such as soil moisture and 

temperature in EMI surveys to increase the reliability and accuracy of metal detection initiatives.  
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