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The selection of
effective exploration
targets is an impaortant
step in achieving
success in hydrocarbon
exploration. As a
common practice,
remote sensing and GIS
technology are used to
prepare baseline
information like
geological maps,
structural maps,
geological cross sections, thermal anomaly detection, hydrocarbon micro-seepage
identification etc. to shortlist target exploration locations. Integrating geclogical cross-
sections with the sub-surface structural trends leads to the identification of prospect
areas.

The selection of effective exploration targets is an important step in achieving success in
hydrocarbon exploration. These selections are primarily based on studies of basic
geological conditions. Petroleum geoclogists usually consider basins to be a basic
geological unit of petroleum exploration and their main objective is to locate various
sedimentary basins. Remote sensing, geological and geophysical data integration
provide accurate geometric shapes of sedimentary basins.

As a common practice, remote sensing and GIS technology, are used to prepare
baseline information like geclogical maps, structural maps, geclogical cross seclions,
thermal anomaly detection, hydrocarbon micro-seepage identification etc. to shortlist the
target locations. These help in providing information on the regional geological settings
of petraliferous basins and their analysis using remote sensing satellite sensors help in
identifying surface anomaly which indicate the presence of hydrocarbon reservoirs.

On the other hand, using sub-surface information like gravity, magnetic and 20 seismic
data provide relative subsurface information for oil and gas exploration which, when
integrated with the surface geological, structural, thermal anomaly and hydrocarbon
micro-seepage information, provides valuable information about the lead or prospect
areas to be surveyed for 3D seismic studies. The geological cross-sections made along
with the 2D seismic lines also provide the sub-surface structural trends and leads to the
identification of prospect areas.

Featured Videos

CONTENT BLOCKED
BY RMSIIT
DEPARTMENT

Vishal.Goyal

Reason: This Websense

Options: Click more
information to learn
more about your
access policy.

View more videos

ERDAS APOLLO

Intergraph_
Geospati

201

GeoMedia Smart Clien

View Webcast No

P SPAR

International

April 14 -17, 2014
The Broadmoor | Colorado Springs




Following this process not only saves time and costs but it also makes it easier to identify
and select target areas for 3D seismic data acquisition. Application of this modern day
space technology in conjunction with other ground information, can help exploration and
production companies in data modeling prior to their 3D seismic data acquisition.

The Integrated Exploration System

Satellite imagery has evolved into a very useful tool for geologists and geophysicists,
surveyors and environmental planners. The selection of effective exploration targets is
an important step to achieve success in hydrocarbon exploration. The selections are
dependent on studies of basic petroleum geological conditions. Petroleum geologists
generally consider basins to be a basic geological unit of petroleum exploration and their
main tasks is to find and determine various sedimentary basins. Remote sensing images
provide accurate and visual data for directly determining geometric shapes of
sedimentary basins.

Remote sensing and GIS techniques are increasingly being used to prepare baseline
information like geological maps, structural map, geological cross sections, thermal
anomaly detection, hydrocarbon micro-seepage identification etc. to shortlist the target
locations. It provides information on the regional geological settings of petroliferous
basins, host rock, petroleum geological conditions etc. Additionally, analytical capability
of remote sensing satellite sensors further help in identifying the surface anomaly that
are indicators of presence of oil and gas traps.

With rapid advancements in sensing equipment since ASTER became operational,
extraction of potential indicators such as, surface emissivity, surface temperature,
brightness temperature and surface radiance is used increasingly in the context of
petroleum exploration. ASTER satellite data is useful for locating major fracture zones
and detecting subtle differences in vegetation, soils and rocks related to the presence of
hydrocarbons.

In the first phase of the integrated exploration system, remote sensing can assist
geologists in the selection of exploration regions by defining the existence of sedimentary
basins. Remote sensing methods can generate a wealth of information useful in
determining the value of exploratory prospecting. In the second phase of appraisal,
remote sensing data are merged with other available information such as Aeromagnetic,
gravity, geochemical surveys and 2D seismic surveys. The result of this phase is to
estimate the outcome of oil discovery probabilities for locating oil prospects.

To reduce the exploration costs for oil exploration during the reconnaissance stage,
remote sensing and GIS studies play a major role for surface data collection and 3D
integration of surface and sub-surface data. Remote sensing data most widely used in
hydrocarbon exploration are aerial photography, radar, Landsat Multispectral Scanner
(MSS), Landsat Thematic Mapper (TM), Advanced Space-borne Thermal Emission and
Reflection Radiometer (ASTER) and airborne multispectral scanner data.

The rapid development of remote sensing technology has also made it possible to carry
out "direct detection" of oil resources by identifying the tonal anomaly that is the
manifestation of hydrocarbon micro seepage. Remote sensing of hydrocarbon-induced
alteration holds great promise as a rapid, cost-effective means of detecting anomalous
digenesis in surface soils, rocks and related vegetation. The most extensive studies were
about reduction of ferric iron (red bed bleaching), conversion of mixed-layer clays and
feldspars to kaolinite, increase of carbonate content, and anomalous spectral reflectance
of vegetation.

Scope of Work

The methodology used to identify the probable hydrocarbon lead areas for further 3D
seismic data acquisition proceeded along the following pattern with the objective of
studying and assessing the locales of hydrocarbon potential..

* Ortho-rectification of IRS LISS-IIl (MSS), PAN satellite image and PAN sharpening with
LISS Il imageries

* Geological and structural mapping using Remote Sensing technique and Ground
Investigation

» Generation of Digital Elevation Model (DEM) at 15m resolution

« Alteration and thermal anomaly mapping using Remote Sensing technique

« ldentification of Micro seepage mapping using Remote sensing

* Integration of existing Gravity, Magnetic and Seismic data and establishing correlation
between subsurface structures and surface geology

* Delineate the probable potential/lead area in the selected blocks in Yemen
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The study involved mainly three steps of visualisation.

Step-1: Remote Sensing & GIS and Ground Investigation based input thematic layers
preparation

Step-2: Gravity & Magnetic and Seismic Data interpretation and integration, TWT map
preparation and

Step-3: Surface and Sub-surface data integration for identification of hydrocarbon lead
areas. The brief descriptions of the methodological steps are illustrated in the below
given flow chart.
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This flowchard illustrates the methodology.

Results

The results of various intepretations, analyses, and data integration are presented
below.

DIGITAL ELEVATION MODEL (DEM)
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A Digital Elevation Model (DEM) was generated at 15m resolution.



STRUCTURE MAP
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Geological and structural mapping used remote sensing techniques as well as ground investigation.

2D-SEISMIC DATA INTEGRATED WITH GEOLOGY

Integrating the 2D seismic data with geology provide relative subsurface information for oil and gas
exploration.



ALTERATION MAP

Thermal data comes from the Advanced Space-borne Thermal Emission Remote sensing helped detect
and Reflection Radiometer (ASTER) and airborne multispectral scanner hydrocarbon-induced alteration of soils and

data. sediments.

POSSIBLE MICROSEEPAGE LOCATION MAP | BOUGUER GRAVITY ANOMALY MAP
; " -'- 5 g ‘ LEGEND " v
B S,

Hyperspectral classification and neural network analysis of The gravity anomolies that are corrected for terrain provide
ASTER data helped determine possible microseepage understanding of the different rock densities in the

locations. subsurface.



MAGNETIC DATA

PROBABLE PROSPECT /LEAD MAP

Magentic surveys provide a visualization of the geological The derived map of probable leads help determine the areas

structure of the upper crust in the subsurface. for 3D seismic data acquisition on the ground.

The above generated outputs aimed at integration of geological, geophysical, geo-
technical and remote sensing based indicators of hydrocarbon micro seepage to identify
the probable lead area for further 3D seismic data acquisition. Considering the large
investment in 3D seismic data acquisition; this study will result in optimizing the task along
with and monetary gains.

Conclusions
Following conclusions are drawn based on the above study:

Remote sensing data helped in geological, structural interpretation, demarcation of
geomorphology, identification of alteration thermal anomaly and identification of micro-
seepage mapping.

Through geological and geophysical seismic interpretation and the use of orthorectified
satellite images, it provided insights on the selection of areas to plan 3D seismic surveys
for further exploration programs.

The Two Way Time Maps clearly brought out the Lead area. This was further validated
by the Lineament trend evaluated through Satellite Imagery studies/analysis.

The presence of high thermal anomaly spots within the Lead area was a further
validation of hydrocarbon accumulation.

The Time Geologic sections drawn across the Lead area corroborated the presence of
good structural lead in this part.

Authors: Raushan Kumar is Project Manager, Subhash Babu Ainampudi is Senior
Manager, and Siva Subramanian is Head, Agriculture and Natural Resources Business
Unit at RMSI Private Limited (www.rmsi.com). They can be reached via e-mail respectively
at Raushan.Kumar at rmsi.com, SubhashBabu.Ainampudi at rmsi.com and
Siva.Subramanian at rmsi.com.

REFERENCES

Adel Hamood Lutf Naji and M.R. Janardhana.,2009.Structure of the crust beneath Qamar
Basin, Eastern Yemen based on gravity and magnetic modeling



AHLBRANDT, T.S., 2002. Madbi Amran / Qishn total petroleum system of the Ma’'Rib-Al
Jawf / Shabwah, and Masila-Jeza Basins, Yemen. U.S. Geological Survey Bulletin 2202-
G, Version 1, 28pp. Available on-line at: http://pubs.usgs.gov/bul/b2202-g/b2202-g.pdf

Alexander Savelyev and Ramanathan Sugumaran., 2008, Surface Temperature Mapping
of the University of Northern lowa Campus Using High Resolution Thermal Infrared Aerial
Imageries

A.S.Alsharhan and A.E.M.Nairn., 2003. Sedimentary basins and petroleum geology of
Middle East

Dietmar Schumacher., 2001. Petroleum exploration in environmental sensitive areas:
Opportunities for Non-Invasive Geochemical and remote sensing Methods.

D.Schumacher., 2009.PSNon-Seismic Detection of Hydrocarbons: An Overview

Dinh H. T. M, Trung L. V.and Van T. T., Surface Emissivity in Determining Land Surface
Temperature, Lloyd Fons., 2000. Temperature anomaly mapping identifies subsurface
hydrocarbons article appeared in World Oil geology of yemen-
http://www.allbusiness.com/mining/oil-gas-extraction-crude-petroleum-natural/21007 8-
1.html

D. Schumacher and M. A. Abrams, eds., Hydrocarbon migration and its near surface
expression: AAPG Memoir 66, p. 71-89

Focus Article (modified version of an article that appeared in World QOil, November 2002).
Available online at: http://www.cseg.ca/recorder/pdf/2003/02feb/feb03_03.pdf

Harris, R., Cooper, M., Shook, I. 2003. Focusing oil and gas exploration in eastern
Yemen by using satellite images and elevation data alongside conventional 2D seismic.

R. Gillespie,S. Rokugawa,S. J. Hook,T. Matsunaga,and A. B.
Kahle.,1999.Temperature/Emissivity Separation Algorithm Theoretical Basis Document,
Version 2.4

http://www.ittvis.com
http://www.pepa.com.ye/
Mohd. Zukhairi Bin Abd. Latef., 2008.0il and Gas Exploration in Ethiopia using GIS

Richard Harris, Mark Cooper, lan Shook; EnCana Corporation, Calgary, Canada.,
Focusing Oil and Gas Exploration in Eastern Yemen by Using Satellite Images and
ElevationData alongside Conventional 2D Seismic

Schumacher, D., 1996, Hydrocarbon-induced alteration of soils and sediments

t. lammogliaa , c. r. souza filhoa , r. a. filhob.,2008.characterization of hydrocarbon
microseepages in the tucano basin, (brazil) through hyperspectral classification and
neural network analysis of advanced spaceborne thermal emission and reflection
radiometer (ASTER) data.the international archives of the photogrammetry, remote
sensing and spatial information sciences. vol. xxxvii. part b8.

The Republic Of Yemen and Its Oil Gas and Industry
(http://mwww.adelphienergy.com.au/projects/documents/Yemen20Country20Summary20July202005)

William Bosworth a, Philippe Huchon b, Ken McCla.,2005.,The Red Sea and Gulf of Aden
Basins

About Matt Ball

Matt has been promoting the application of sensors, systems,
models and simulation for the better stewardship of our planet for
the past fifteen years. The first ten years of that span were as
editor of GeoWorld magazine and show manager of the GeoTec
Event. The past five have been as a founder of Vector1 Media,
with publications Sensors & Systems, Informed Infrastructure and
Asia Surveying & Mapping. E-mail: mattball at vector1media.com






