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ABSTRACT

The purpose of this project is to show it is possible to use remote sensing
techniques to detect oil seeps and oil spills and use ArcView to
determine the hydrocarbon locations.

Modern remote sensing software was used to process NASA's ASTER
Multispectral Images.

The files were loaded with Band 3 (0.76 - 0.86 pum) as Red, Band 2 (0.63
- 069 um) as Green and Band 1 (0.52 - 0.60 um) as Blue. ASTER's 15 m
ground resolution and image enhancement techniques allowed the
identification of offshore oil seeps in California and the detection of oil
leaking from offshore production platforms in Azerbaijan.

INTRODUCTION

The purpose of this project was to prove that oil spills and natural oil seeps can be
detected using remote sensing techniques, and Arc View can be used to determine the
location of the hydrocarbons. Most of the data analyzed in this project was from NASA’s
ASTER (Advanced Spaceborne Thermal Emission and Reflection Radiometer)
Multispectral Images. Excellent results were obtained using the ASTER VNIR Data with
Band 3 (0.76 — 0.86 um) as Red, Band 2 (0.63 — 0.69 um) as Green and Band 1 (0.52 —
0.60 wm) as Blue. Using these bands, the ASTER satellite’s ground resolution is 15 m.



The Project

The two areas studied in this project were Azerbaijan because it is known for having
abundant oil seeps and possible leaking platforms and Santa Barbara Channel because it
has some of the world’s most spectacular natural oil seeps.

The author spent about one year in Azerbaijan and was able to visit many of the oil fields
studied in this project. He often flew over these oil fields at low altitude and always
observed oil leaking from around these platforms. The Caspian Sea and Azerbaijan are
very well known for abundant natural oil seeps and leaking oil platforms [Williams,
1998]. The oil fields presented in this paper are located above massive anticlines that
contain millions of barrels of oil [George, July 1993]. It is very likely that the platforms
were placed directly above known oil seeps, because oil had to be present in the reservoir
rocks below these locations. Therefore, the observed oil may originate from natural oil
seeps on the seabed.

The Santa Barbara Channel in California was studied because it is considered to be one
of the most abundant hydrocarbon seepage areas in the world [Landes, 1973; Wilson et
al., 1974; Galloway, 1992: Hovland and Judd, 1992; Hornafius et al., 1999]. The author
has spent one and a half years in the Santa Barbara Channel area and most of the time
natural oil slicks are present in the water. Oil slicks and sticky oil mousse are usually
observed surrounding the kelp beds in the waters off of Coal Oil Point.

The Analysis

The initial part of the project was to determine if the image enhancement techniques built
into the remote sensing software was able to reveal the presence of hydrocarbons.

* ENVTI’s Linear Contrast Stretch, Piecewise Linear Contrast Stretch, Gaussian
Contrast Stretch, Histogram Equalization Contrast Stretch, and Square Root
Contrast Stretch were tested.

* ER Mapper’s Linear Transform, Autoclip Transform, Level Slice Transform,
Histogram Equalize Transform, Gaussian Equalize Transform, Logarithmic
Transform, Exponent Transform and De Quantized Transform were tested.

The land area of the Apsheron Peninsula in Azerbaijan is large and bright in the images
so many of the enhancement techniques produce very nice images of the land.
Unfortunately, the offshore oil fields are surrounded by dark water, so each of the oil
fields must be cropped and enhanced individually.

In some cases individual stretches and transforms worked well and at other times a
combination of stretches and transforms worked well.

Once the hydrocarbons were detected in the enhanced images, then the full image was
loaded into Arc View so the exact location of the hydrocarbons could be determined and
marked. If many ASTER Images are used in a project, then they can be loaded in Arc



View as different views and the locations of the hydrocarbons can be compared. When
oil slicks that appear to spread out in different directions due to the winds and tides occur
in multiple images, then the location that is contained in all of the images is probably the
source of the seeps.

For this technique to work and be meaningful, then ground truth is necessary. The analyst
must be certain that images of oil slicks are being recorded rather than some other natural
phenomena that look similar to oil slicks.

Numerous other ASTER Band combinations and other techniques such as Principal
Component and Thermal IR Bands were tested but this study found the ASTER VNIR
Bands 1, 2 and 3 with their 15 m resolution seemed to work best.

Conclusions

This project has proven that oil spills and natural oil seeps can be detected by using
remote sensing techniques and Arc View can be used to determine and record their
locations. Therefore, these same techniques can be used for environmental monitoring
studies where oil exploration and development projects are underway, where pipelines
traverse great distances underwater and for the detection of naturally occurring oil seeps
from hydrocarbon bearing sediments.
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