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Abstract

On January 15, 2022, Latin America’s largest oil spill in recent history occurred off the Pe-
ruvian coast. The Foreign Ministry announced it was the worst ecological disaster in recent
times due to the sheer scale of the spill. The affected area was approximately 11,061 hectares
(110.61 km?). Due to the size and location of the oil spill, remote sensing techniques were
the most expedient method to obtain a quick assessment of the affected area. Accordingly,
satellite imagery was used to monitor the extent and change in the oil spill. This change was
measured qualitatively (visual) and quantitatively (Normalised Difference Water Index, NDWI).
The quality of the results were hindered by the temporal resolution of each satellite.

Fig 1 Graphic description of

the oil spill area.

1 Introduction

The oll industry is a key driver in the global econo-
my in the hydrocarbon production chain destined to
satisfy our energy requirements for fuels and derived
products for transportation, industrial energy, Iubri-
cants and other uses. The unfortunate reality is that
spills do occur throughout the world, and Peru is no
exception. On January 15, in front of the La Pampilla
Refinery, in the district of Ventanilla, more than 6,000
parrels of ol spilled into the sea.

Remote Sensing techniques can be used to quick-
ly identify change after an oil spill by use of optical
and radar imagery. The objective of this study is to
identify and compare, using different types of remote
sensing, the hydrocarbon spill over the sea, using
multispectral satellite and radar images.

2 Methods and materials

2.1 Area of interest

The oil spill occurred in a part of the Pacific Ocean
pelonging to the district of Ventanilla in the consti-
tutional Province of Callao in the Department of Li-
ma, between coordinates 12.216 S, -77.887 W and
-11.005 S, -77.023 W (Fig. 1). This is the area of
operations of the La Pampilla Refinery, which is oper-
ated by the transnational company Repsol.
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Fig. 4 Satellite image radar
SENTINEL 1A, difference of
polarities: VH (left), VV (right).

Geometric correction

This correction allowed us to remove the distortions
that occurred due to the shape of the terrain and its
orientation with respect to a reference ellipsoid, in this
case WGS84.

Using the SNAP software tools, the Radar mode
had the option ‘Geometric Ellipsoid/ Correction/ Ge-
olocation-Grid". This  procedure performed a resa-
mpling of the pixel values with the world coordinate
system WGS84.

Salt and pepper “speckle” effect
Due to the interference of the receiving waves of the
radar sensor, the quality of the image can be degrad-
ed and show a mottled texture called salt and pepper
“speckle” effect. This was corrected using the Radar
mode tool and the Speckle Filter/ Multi-Temporal
Speckle Filter option with SNAP software from ESA.
After making the corrections, the images were
shown in their different polarizations — Vertical-Hori-
zontal (VH) and Vertical-Vertical (VWV).

2.4.2 Sentinel-2B

The Sentinel-2B satellite has sensors onboard which
collect information throughout the electromagnetic
spectrum. The electromagnetic spectrum is broken
down into 13 bands.

Spatial subset (image crop)

Sentinel 2 images cover 290 m?, In order to minimize
processing time, the image was cropped using a
spatial subset tool. The “Subset Tool” allows the user
to cut images including their different spectral bands.
The procedure can be carried out under the “georef-

m P-1 THE INTERNATIONAL HYDROGRAPHIC REVIEW

DETECTION OF HYDROCARBON POLLUTION IN THE PERUVIAN COASTLINE

erencing” method manually by geolocating the pixels
or using geographic coordinates.

Resampling

Sentinel-2 images have 12 bands of different resolu-
tion, and some bands were removed to standardize
the resolution, the bands that were eliminated were
those whose resolution is greater than 20 m.

Spectral band composition

The spectral response of the surfaces is based on
the amount of energy that can be reflected, this re-
flectance is what the different sensors can capture.
They can be captured without being perceived by
the human eye, as is the case of bands infrared and
thermal allows detecting and monitoring the temper-
ature of spills and surrounding areas. This is crucial
because oll spills can generate heat due to chemical
reaction with water or exposure to the sun.

NDVI

Is an indicator used in satellite images to evaluate the
health and density of vegetation in a given area. Is
calculated from measurements of the reflectivity of
the Earth’s surface in two bands of the electromag-
netic spectrum. The basic equation to obtain NDVI is:

NIR— RED
NDVI*N1R+RED (1)

with

NIR: near infrared band
RED: red band
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It is not so necessary to carry out an NDVI to deter-
mine a hydrocarbon spill in the sea since this method
is used to evaluate vegetation density, but when us-
ing it we can visually see some graphic variation in
the satellite image.

2.4.3 PeruSAT-1

This optical satellite has a spatial resolution of 0.7
m in panchromatic mode and 2.8 m in multispectral
mode. It allowed us to obtain information about the
territory because of its temporary resolution or revisit
period of 26 days.

Atmospheric Correction

The objective of making the atmospheric correction
was to remove the atmospheric effects of the terrain,
in order to obtain the reflectance values of the sur-
face. This correction is important for comparing satel-
lite images from different dates and sensors.

For this we used the ATCOR tool of Catalyst Pro-
fessional software. The ATCOR tool allowed us to
perform radiometric corrections, fog and cloud mask-
ing, adjustments with a digital elevation model and
choose what type of aerosol corresponded to the
area of interest.

3 Results

3.1 Sentinel-1

The results of processing the Sentinel-1 imagery are
shown in Fig. 4. The right-side image shows a con-
cave-shaped stain that, due to the VV (vertical) polar-
ity, highlights the variation on the surface due to the
olly property of crude oil. The image on the left shows
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greater opacity because it is horizontal in polarity, it
does not highlight the variation in the surface.

3.2 Sentinel-2

3.2.1 Visual

The results of the visiual comparison of Sentinel-2 im-
agery are shown in Fig. 5, as follows: The left-side im-
age was a combination of the spectral bands where
B8 in red, B4 in green, and B3 in blue. The centre
image depicts the combination of spectral bands B8
in red, B11 in green and B4 in blue. The third com-
position is the combination of the bands where B4 in
red, B3 in green, and B2 in blue. This combination is
known as Natural Color or True Color. A comparison
of the three different compositions revealed that the
natural color combination most clearly identified the
oll slick, by better definition of its shape and color.

4. Discussion

4.1 Comparison between Sentinel-1 and Sentinel-2
A comparison was also made between processed
images of the Sentinel 1 and Sentinel 2 satellites. In
this satellite image comparison, the oil slick can be
identified in both the multispectral and radar images.
In all images, it can be defined as a concave mor-
phology, with a better defined shape show in the ra-
dar image because this type of image identifies the
variation in the shape of the surface and not in its
composition (water-oil mixture).

In both images in Fig. 6, the limitation was access
to the images, which were based on temporal resolu-
tion. The images of the Sentinel-2 have a revisit every
5 days. The images of the Sentinel-1 have a revisit
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Fig 5 Monitoring of the hydro-
carbon spill using Sentinel-2
optical satellite images. A com-
parison of the three different
spectral Left:
B8 in red, B4 in green, B3 in
blue. Centre: B8 in red, B11 in
Green, B4 in blue. Right: Natu-
ral/True Color. B4 in red, B3 in
green, and B2 in blue.

combinations.
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Fig. 6 Monitoring of the
hydrocarbon spill using the
Sentinel-2A (band 4, 3, 2)
optical satellite image (left) and
the Sentinel-1A radar satellite
(polarisation VV) image (right).

Fig. 7 Monitoring of the
hydrocarbon spill using
Sentinel-2A (left) and Peru-
SAT-1(right) optical.
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every 12 days. Both satellites have a pair of satellites
that complement each other, so without this configu-
ration the revisit would be every 10 days.

4.2 Comparison between PeruSat-1 Sentinel-2
The comparison between Sentinel-2 and PeruSat-1
will reflect differences in spatial resolution and de-
tail capacity, which may be essential for certain ge-
ospatial analysis applications (Fig. 7). The choice
between these images will depend on the specific
requirements of the project and the objectives of the
investigation.

Taking into account the spatial resolution of the 10
m Sentinel image, the identified surface further stud-
ies should include a validation using a higher reso-
lution image, either from a higher resolution sensor
such as PeruSat-1 images, with RPA images (Re-
motely Piloted Aircraft) or with a field reconnaissance

The images of the Peruvian satellite PeruSat-1
have a revisit every 26 days. This means that con-
tinuous monitoring could not be carried out despite
the fact that in an emergency the satellite can take
pictures every three days.

5 Conclusion

After making the required corrections in all images, it
was possible to identify the surfaces of hydrocarbon
contamination in various points of the sea near the
Pampilla refinery where the oil spill occurred.

In the case of multispectral images, it can be seen
that the normalized water index did not help in iden-
tifying the spill surface, in addition to comparing with
the infrared bands, which did not help in identifying
the surface in question either.

The radar images through speckle correction
showed the surface of the spill, better defining its
morphology in the W polarity.

To obtain satellite images and their subsequent
analysis, we must take into account what type of
satellite we require since it is essential to understand
that the quality of the image will depend on the shoot-
ing angle since it distorts the shapes of the objects,
making it difficult, for example, measure and recog-
nize objects.

Optical images provide high-resolution visual de-
tails that can help identify the exact location and size
of a spill. On the other hand, synthetic aperture radar
(SAR) can penetrate through clouds and darkness,
allowing effective detection even in adverse weather
conditions.

Satellite images enable early detection of oil spills,
which is crucial for rapid and effective response.
Satellites can monitor large areas on a regular basis,
reducing the risk of a spill going undetected for a
long time.
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