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1.

Abstract:
Hydrocarbon micro-seepage is a common phenomenon occurring in areas
with the presence of onshore oil tanks and transferring pipelines, characterized by
the abnormal natural surface spectral landscape characteristics of mineral alteration
features and geobotanic anomalies like formatting dark spots that can be detected by
satellite imagery. Therefore, this study aims to find spatial models of oil
contaminated areas through detection approaches of hydrocarbon micro seepage and
its relationship with the physical condition of study area by utilized the satellite
imagery. This has been achieved by maximum likelihood algorithm on ENVI
application to get land surface classification, using multi-spectral satellite data of
Sentinel-2 integrated with field check and previous studies on the same area.
The accuracy assessment using confusion matrix showed acceptable
percentage with 83.33 % of random points inside the studied area. The contrast
between contaminated areas and other areas was successfully used to map spatial
distribution of hydrocarbon pollution in the El Suez refinery plant area. The
methodology can be positively used to detect oil spills beside storage tanks and oil
transfer pipelines, besides environmental management of oil pollution at or near the
land surface.
Keywords: Hydrocarbon, Oil seepage; Remote Sensing; Sentinel 2.
2.

Introduction:
Through google images it is noticed a large dark spot inside and around Suez
city which may be caused by either ground water or oil seepage, figure (1).
Knowing that Suez governorate have two of the oldest refinery petroleum
companies in the middle east Nasr Petroleum Company (NPC) founded in 1911 and
Suez Oil Processing Company (SOPC) founded in 1921, a closer look around oil
tanks, may lead to darker spots, recognized, and linked to hydrocarbon spill, figure
(2).
The aim of study is to estimate the organic hydrocarbons that threaten
shallow Quaternary sandy aquifer located at Gulf of Suez and drawing concentration
map of total paraffines in soil.
According to the data from the Environmental Management Units (EMU’s) of
Suez Governorate, the total number of vessels passing through Suez Canal amounts
to 16,000 vessels every year, with transferring around 125 million tons of oils and
oil products yearly. Besides, approximately 3,000 vessels sail to ports located in
Suez. Tanker vessels consider main source of oil pollution offshore.
Other sources of oil pollution may be produced from land sources, as in oil
related industries. Governorate of Suez contain six industrial zones with different
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categories of industries, about 26 of industries are oil related industries like
chemical industries, petrochemical industries, food oil industries and oil refineries.
Some of representative industries are presented below:
• SAVOLA for food oil production: it is company working in food oil
production using wastewater treatment equipment and facilities that suits
Egyptian standards.
• El Nasr Petroleum Company: it is one of the oldest refining companies in
Egypt that produce petroleum derivative products like asphalt, kerosene,
naphtha, gasoline, etc.
• Industries for storage and marketing of petroleum products: (CALTEX, COOPERATION, ESSO, MISR PETROLEUM) are all companies working in
fueling marine vessels from its storage facilities located beside El-Zaytyat Port.
• Suez Petroleum Manufacturing Company: Considered one of the biggest
Egyptian companies in refining industry besides having storage tanks to store
the exported oil products (Management, 2008).

Figure (1), Airborne image of Suez region generated by Figure (2), Airborne image of Suez oil tanks generated
google earth, showing dark spots
by google earth, showing dark spots

According to the Soil Science Society of America (SSSA), (soil
contamination): is the process in which non-pedogenic components with no relation
to the soil’s natural formation
accumulate in soil and cause
adverse effects on plant growth
as well as animal and human
health. (Contaminates) as any
substance is the soil that
exceeds
naturally
occurring
levels and poses human health
risks.
According to regional
environmental
management
improvement
project
reports Figure (3), Sources of spilled oil in Suez Gulf (Management, 2008)
released in July 2008 powered
by Japan International Cooperation Agency (JICA) 19% of spilled oil in Gulf of
Suez area caused by the breakdown or wrong operations in pipelines or storage
tanks, (Management, 2008)
.
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Millions of gallons of Non-aqueous phase liquids (NAPLs) are released
every year from underground storage tanks causing groundwater contamination,
(Hall & Johnson, 1992).
Over the last few decades due to fast economic development and severe
industrial activities, high levels of natural gas and petroleum hydrocarbons are
continuously being released into soils, even the agricultural soils. Natural
hydrocarbon seepage and fuel pipeline and tank spill may be sources of hydrocarbon
liquid and gases in the soil. Soil natural gas and petroleum hydrocarbons
concentrations can be obtained using extensive sampling and conventional analysis
methods, which are time-demanding and expensive on a large area application,
(REN et al., 2009). One common conventional techniques which is laboratory-based
for determination of total petroleum hydrocarbon is, gas chromotography with flame
detector or Soxhlet extractor, which is an expensive, laboratory analysis, (Forrester
et al., 2010). On the otherhand a mass cost-effective technique for monitoring and
mapping various soil contaminants is Satellite proximal remote sensing which is
recently recognized as a solution for this problem.
Saif-uddin, Al Dousari and Literathy (2008) conducted research using multitemporal Landsat imagery scenes to study the quantity of polluted area at Burgan
Oil field, Kuwait. They used algorithms to estimate Land Surface Temperatures
(LST) from emitted radiance to detect contaminated areas and correlate them with
polluted areas at field. Using electromagnetic radiation for collecting information of
an object or phenomenon without physical contact is the definition of remote
sensing according to (Elachi
& van Zyl, 2006). Most of
information needed for soil
applications can be provided
by optical remote sensors.
Remote sensing information
provide
an
alternative
to
ordinary
ground-based
methods and proximal sensing
types
to
detect
soil
contamination (Mulder et al.,
Figure (4), Comparison between ASTER, Landsat 8, Sentinel-2,
2011).
and WorldView-3 bands (Cardoso-Fernandes et al., 2020).
Asadzadeh & de Souza
Filho, 2016) used WorldView-3 super spectral satellite images for direct
hydrocarbons detection in contaminated soils. The study utilized multiple datasets of
spectral signatures libraries collected from several simulation experiments; data of
hyperspectral imaging instrument for distinctive hydrocarbons measured in the
laboratory and an imagery acquired by airborne instrument with VNIR and SWIR
bands. In addition to WV-3 data. It was clearly that hydrocarbons absorption feature
in WV-3’s band 12 is resilient enough and persist under various conditions to detect
contaminated soils with hydrocarbons.
3.

Methods and Techniques:
The survey was implemented at two Suez refinery companies located
between 29° 59' 30" N 32° 27' 0" and 29° 55' 30" N, 32° 34' 0" E, at the western top
of the Gulf of Suez shoreline as shown at figures (5).
The field ground trothing georeferenced points were taken to areas of soil
contamination inside Suez refinery plant to be used in extracting spectral signatures
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from satellite images for different classes. In addition to photographic images which
support the points mark as shown in figures (5).

Figure (5), Site view shows contaminated soil inside Suez refinery plant (Hydrocarbons at liquid phase & mixed
with soil phase, using Sentinel-2, 2015

The in-situ point’s latitudes and longitudes were located, using portable
handheld Garmin GPS instrument. These points are located on aerial image to be
used as dataset to generate Region of Interest (ROI’s), figure (6). Where Region of
Interest (ROI) is defined as the samples from pixels relate to one class (pure
endmember). Choosing pure ROIs from field georeferencing in situ point for every
feature on satellite images then extracted the values from image pixels and
integrated to be used in classification method using ENVI program.
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Figure (6), Ground trothing points located on Sentinel-2 aerial image of the studied region at Suez city

Two different remote sensing datasets of satellite images was used in the
current study.
One of them is Sentinel-2 satellite image with different specifications as three
spatial resolution frequencies 10m, 20m, and 60m. The study area at Suez
governorate. The Sentinel-2 mission provides for a combination of two satellites;
Sentinel-2A and Sentinel-2B, equipped with identical Multispectral Instruments
(MSI) capable of acquiring data in 13 bands at different spatial resolutions. The data
products were downloaded free online from USGS online site as Level-1C product,
provides ortho-rectified top of atmosphere reflectance with a sub-pixel multispectral and multi-date registration. Multi dates sentinel-2 images was used from
(2015 to 2021)
Where the other was the Planetscope imagery data with four spectral bands
in different wavelengths of visible and near-infrared at 3-meter pixel-resolution was
used. The raw data was downloaded with no cost by collaboration with NARSS
(National Authority for Remote sensing and Space Science). The image used
acquisition date of 21 October 2021
Data were subjected to series of processes started with pre-processing data,
processing data, accuracy assessment then integration with field work data. Preprocessing data, include Radiometric calibration as first step to convert digital
numbers (DN) to the spectral radiance values at TOA (Top Of Atmosphere) and
Performed by multiplying radiometrically corrected image pixels by the appropriate
absolute radiometric calibration factor to get band-integrated radiance (W-m−2sr−1) and then dividing the result by the appropriate effective bandwidth to get
spectral radiance (W-m−2-sr−1-μm−1).
Dark object subtraction is an image-based procedure to remove the haze
parameters which resulted from additive scattering from remote sensing data
(Chavez, 1988). The corrected pixel value can be calculated as follows;
(Rac = Ri – Rdp)
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where:
Rac = corrected pixel reflectance value
Ri = initial pixel reflectance value
Rdp = the dark pixel value.
Likelihood classification method; The overall objective of the image classification
procedure is to automatically categorize all pixels of an image into land cover
classes (Denniss, 1995). By using maximum likelihood classifier function at ENVI
by calculating the following discriminant functions for each pixel in the image
(Richards & Jia, 1999):
Where:
i = class
x = n-dimensional data (where n is the number of bands)
p(ωi) = probability that class ωi occurs in the image and is assumed the
same for all classes
|Σi| = determinant of the covariance matrix of the data in class ωi
Σi-1 = its inverse matrix
mi = mean vector.
The maximum likelihood method has an advantage from the viewpoint of
probability theory, but care must be taken with respect to the following items.
(1) Sufficient ground truth data should be sampled to allow estimation of
the mean vector and the variance-covariance matrix of population.
(2) The inverse matrix of the variance-covariance matrix becomes unstable
in the case where there exists very high correlation between two bands,
or the ground truth data are very homogeneous. In such cases, the
number of bands should be reduced by a principal component analysis.
(3) When the distribution of the population does not follow the normal
distribution, the maximum likelihood method cannot be applied.
During current work using a confusion matrix, where a table with columns
representing the reference (observed) classes, and the rows show the classified
(mapped) classes. Each matrix cell contains the number of observations in the
mapped class of its row which observed in the class of its column. Accordingly, the
diagonals define agreement between map and ground truth, and off-diagonals
signify different misclassifications ((Cohen, 2016); (Congalton, 1991); (Noomen et
al., 2006) )explain confusion matrices.
Then by using confusion matrix data Kappa statistic were calculated to show
the difference between actual agreement and the agreement expected by chance
(Lillesand and Kiefer 1994).
𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 −𝑐ℎ𝑎𝑛𝑐𝑒 𝑎𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡
K=
1−𝑐ℎ𝑎𝑛𝑐𝑒 𝑎𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡
4.
Previous Studies
Zawrah et al., (2014) studied the name of gas chromatography (GC)
estimation of organic hydrocarbons that threaten shallow Quaternary sandy aquifer
Northwestern Gulf of Suez, Egypt. The study was made at Suez Refinery plant
founded in 1921, which is a complex refinery plant with a distillation capacity of
3,250 K tons per year (65,000 barrels daily).
According to (Gilbert, 1987) and (Abdel-Moghny et al., 2012), using an
American auger, with total samples reach 40 samples from 8 different points,
between 29° 57′ 33″ N and 32° 30′ 40′′ E, covering (1/15) of the total polluted area.
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Total petroleum hydrocarbon (TPH) extracted from eight samples then analyzed
using gas chromatograph and data consist of carbon distribution and percentage of
paraffines for each sample were acquired.
Results are shown in figure (7), present
varying TBH for different samples, which
mean that field area is contaminated with
hydrocarbons
from
different
sources.
Sources can vary between vandalism,
equipment failures, or accidents that cause
direct pollution or discharge into the gulf
and soil surface, (Zawrah et al., 2014).
Snousy et al., (2018), conducted a
study
on
micropollutants
spread
and
movement behavior through heterogeneous
Figure (7), TPHs concentration (wt%) of
environment of Suez Gulf and found that
investigated samples.
dense anthropogenic activities particularly
petroleum processing cause huge damage to ecosystem. Mixed pollutants like Fe,
Pb, HOCs were found with high concentrations which may lead to degradation of
environmental quality and chain of negative impacts on the environment.
5.

Results and Discussion:
Present research compared between Sentinel-2 and Planetscope images as a
tool to discriminate soil oil contamination, figure (8), primary results showed that
sentinel-2 is more sensitive for oil intrusions than Planetscope sensor,

Figure (8), Planetscope image and Sentinel-2 image of El Suez refinery plant at 2021.

Using (Gilbert, 1987) and (Abdel-Moghny et al., 2012), on pollution levels
from oil and petroleum products inside the field measured by previous studies made
on Suez refinery plant, 2 points taken inside the plant, table (1), represent low
contaminated soil and heavy contaminated soil and another 3 points taken outside
the plant represent clear soil, contaminated soil with ground water and buildings.
Spectral reflectance curve was recorded for each soil type and then drawn as shown
in figure (9).
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Point
Light Contaminated
Heavy Contaminated
G-water
Clear
Buildings

Longitude
32.50059591
32.49980907
32.50842699
32.51810818
32.51928045

ISSN: 1007-6735

Lattitude
29.96106377
29.9622825
29.95625559
29.95475434
29.96272939

Table (1), Points taken as reference points for study.

Figure (9), Reflectance spectra of soils inside El Suez refinery plant of different degrees of oil pollution and
other types of soil.

The reflectance decreases with an increase in the degree of pollution. In the
case of intense pollution, the spectral reflectance curves become almost horizontal
across the entire wavelength range. Whereas the percent of reflectance of the
unpolluted soils is higher. There is a big difference in the reflection percentage for
each type of soil. It is possible to make a rough estimate of the degree of oil
pollution of soils from a graph depicting the relationship between the integral
reflectance of soils and the content of petroleum hydrocarbons within them. The
current study results were in agreement with (Orlov et al., 1991) that used the same
technique and gave similar results.
Using Sentinel-2 observations from 2015 to 2021, which show a contrast in
darkness intense of contaminated areas, to reach the peak during 2021. Differences
in sea color at different locations spotting changes with time as result of oil leak
activities into the gulf, figure (10).
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Figure (10), Sentinel-2 image of Suez refinery plant from 2016 to 2021.

Supervised classification outputs of the current area achieved on seven dates
(2015, 2016, 2017, 2018, 2019, 2020, and 2021) show different classes inside land
and water area (Fig. 4.12 to 4.18). The total area of the plant reaches approximately
3.250 km2 in the scene of the current study. The visual interpretation of the resulted
classification maps was verified by field check. It was noticed that contaminated soil
with hydrocarbons with red color concentrate around storage tanks and pipelines
inside the plant. The increasing of contamination from 2016 to the recent as marked
by red color polygon, which represents contaminated areas. In 2017 the
contamination decreased but the red areas started to appear in different places inside
the plant for the first time.
During 2018 there was no tremendous change but in 2019 it is noticed that
the contaminated area decreased as result of soil replacement process by clear soil.
In 2020, 2021 the contaminated area reaches the peak which is reasonable event as
the production capacity of refined products for the two companies increased.
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The current study results agreed with (Putra and Asriningum, 2018) that used
the same technique and gave similar results that hydrocarbon micro-seepage can be
detected by Sentinel-2 images.
The overall accuracy assessment of all classes percent was 83.33% and
Kappa statistic K equal 0.8. Detection accuracy of contaminated soil were 80% as
the error percentage was result of urban shadow which changed reflectance value of
pixel.

Figure (11), Supervised classification of Suez refinery
plant from 2015 to 2021.
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6.

Conclusion:
Presence of hydrocarbon contamination in soil of Suez region are detected
using satellite spectrum captured by Sentinel-2. Field check proved good correlation
between maximum likelihood algorithm classification accuracy and on land actual
results. Outline of the contaminated spots has been marked using spectrum pattern
of the specific contaminated spots. Some site evidences may lead to progress of
hydrocarbon micro-seepage from Suez refinery plants.
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