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ABSTRACT

Seabed logging is an innovative electromagnetic (EM) method of locating
offshore hydrocarbon reservoir. It is a technique that utilizes Electromagnetic
(EM) waves to propagate signals to reservoir depths where the difference in
resistivity levels of different regions under the seafloor will help to determine
possible oil wells for future exploration. However, different antenna orientation
varies the sensitivity in detecting hydrocarbon layer. The correct rotation and
placement of antenna will give the best response in optimizing the accuracy of
oil layer position in seabed. In addition, it is very difficult to predict the existing
2" hydrocarbon underneath the sea. Thickness oil layer variation will vary the
magnitude of field received by the receiver. In this project, 2D modeling will be
constructed by using CST EM Studio as simulator software. At the end of this
project, the simulator could show the sensitivity of of each antenna orientation
and responses from the two oil layers. From simulations, Horizontal Electric
Dipole, in-line with receiver (HED-R), is the most sensitive in detecting one
hydrocarbon layer with 380% increased in magnitude of E-field compared to
Vertical Electric Dipole (VED) . The magnitude of E-field increase when the oil
layer thickness increased and viceversa. For every 50m increment of oil layer
thickness, 20% of the E-field magnitude will be increased. E-field magnitude
deviated to the decrease of 46% when the 2" hydrocarbon layer been decreased
to 30m. The minimum percentage of starting point of hydrocarbon to be
considered is 1% and the highest percentage field difference is taken as the
ending point of hydrocarbon. The percentage of E field increased as minimum
as 1% after 3000m the original location of hydrocarbon. In conclusion, Vertical
Electric Dipole antenna gives the most optimum senstivity in detecting stacking
of hydrocarbon layer with the highest percentange difference increment of
11.21% compared to both Horizontal Electric Dipole (HED) antennas. This
report will also describe briefly on the advantages of this technique as well as

the process involved on the project.



CHAPTER 1

INTRODUCTION

1.1 Background of Study

A special application of frequency domain that uses controlled-source
electromagnetic (CSEM) method, seabed logging, measures the electrical
resistivity beneath the seafloor in hydrocarbon exploration, reservoir assessment
and development. The simple basic principle which makes a potential tool in the
offshore exploration is based on the electrical resistivity contrast between a
hydrocarbon bearing reservoir and surrounding host rocks. The reason for this is
also based on the fact the water supports free ions and easily transports electric

current whereas oil acts as an insulator.

With different antenna configurations, the transmitted electromagnetic wave
enters the high resistive hydrocarbon layer under a critical layer and is guided
along the layer. Then, the signal leak form the layer and reflected back to the
receiver at the seafloor. Seabed logging method records the presence of
electrically resistive bodies in the earth, descriminating between water-saturated

sea rock and hydrocarbon.

Various techniques including the study of seismic analysis and landforms are
essential for obtaining accurate sub-seafloor resistivity data. Using the latest
controlled source electromagnetic technology, several data regards to the types
and orientations of the dipole antenna can be gathered, the thickness of the layer
can be varies accurately determined the responses, in finding trapped

hydrocarbon in the subsurface prior to drilling.



1.2

1.3

Problem Statement
The problem statements of this project are:

i Different antenna orientation varies the sensitivity to detect hydrocarbon

layer in seabed logging.

ii. Itis very difficult to predict the existing 2" layer hydrocarbon underneath
the sea floor. Modeling of SBL for simulation under deep water
environment using suitable electromagnetic modeling technique to
differentiate between water, sediment and hydrocarbon layer are needed.

Objectives

The objectives of this project are:

i To investigate the best antenna orientations that are sensitive in detecting

double hydrocarbon layer.

ii.  To determine the effect and response of field received (E-field) magnitude
when the thickness and position of the upper layer hydrocarbon are

varied.

ilii. To observe the airwave effects on the two layers hydrocarbon in
Magnitude vs Offset (MVVO) graph.



1.4 Scope of Study

1.4.1

1.4.2

1.5

In order to complete this project, several scope of study had to achieve. The

major scopes are as follows:

Understanding Seabed Logging method.

»  The modeling of SBL simulation required a firm knowledge and
research towards seabed logging technique and the idea on how the
process involved, current existing issue to get better clarification.

»  Research on electromagnetic theory and wave and also the
measurement principle of seabed logging to transmit EM waves
beneath the sea floor.

»  The data handling of receivers.

Developing Seabed Logging modeling using CST EM Studio

»  CST EM Studio will be needed to install inside author’s personal
computer.

»  There will be a research and training on how to use the CST EM
Studio in order to develop the simulator.

»  The result simulator will be used in determined the sensitivity of the

source/receiver combination in seabed logging method.

Feasibility of Project

For the first semester, the author will start with research development on the
basic principle of electromagnetic waves, and its application of the simulator. It
includes SBL operations, techniques, advantages and disadvantages, the issues

related for the future cases in SBL.

With the resources provided by the University, the project can be completed

within the given time.



CHAPTER 2

LITERATURE REVIEW

2.1 Seismic Method

Hydrocarbon exploration using seismic method has become the most accurate
and frequently used because it can detect potential hydrocarbon reservoir
beneath the seafloor. It maps the boundary layers based on different acoustic
properties [2].

According to [2], acoustic waves are used to map boundaries between layers
with contrasting acoustic properties. A sound source that is attached to the ship
sends sound waves through the water. As the sound waves are release, the rock
layers beneath the seafloor reflect this sound. Using seismic method, the
presences of water or hydrocarbon in the traps can not be differentiated [2].
Depending on seismic data, the success rate of commercially viable exploration
wells, is about 10-30% [5]
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Figure 1: lllustration of seismic reflection profiling [1]
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2.2

2.3

Controlled Source Electromagnetic (CSEM)

By using controlled source electromagnetic (CSEM) method, it can effectively
differentiate between different types of offshore reservoir fluids as fluids like oil
and gas are typically characterized by a lower electrical conductivity than brines
and water. This method measures electromagnetic fields sensors on the ocean
floor. A deep-towed transmitting antenna then generates low-frequency
electromagnetic fields, which are detected by the sensor. Both antenna tow lines

and sensor arrays can cover areas ranging to thousands of square kilometers [6].

Seabed Logging

Seabed Logging (SBL) is an application of the marine controlled source
electromagnetic (CSEM) method that is used to directly detect and characterize
possible  hydrocarbon-bearing  prospects [3]. This technique uses
electromagnetic waves that are able to distinguish the two liquids (water and
hydrocarbon) based on their large differences in resistivity values. Hydrocarbon
reservoirs are known to have resistivity value of 30-500 Qm in contrast to sea
water of layer of 0.5 — 2 Qm and sediments of 1 — 2 Qm. The reason for this is
based on the fact that water supports free ions and easily transports electric

current whereas oil acts as an insulator [4].

SBL uses a mobile horizontal electric dipole (HED) source that is towed by a
vessel at about 30m above an array of seafloor electric field receivers. This HED
is emitting a low frequency (typically 0.1 to 10Hz), continuous electromagnetic
signal into seawater and down into the subsurface and in upwards directions to
the water-air interface [4]. Each electrode is electrically connected to a signal
generator, transmitting a continuous periodic signal with any curve shape and
frequency ranging from 0.05Hz to 10Hz. A maximum current of 1250A are
applied and peak-to-peak current are kept constant. The distance from the source

to the seabed is monitored by an echo sounder [8].

11
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Figure 2: Seabed logging process

The receiver are dropped from the survey vessel and sinks freely down to the
seabed. The exact receiver position is determine by acoustic ultra short baseline
communication. A concrete anchor held the receiver in position at the seabed.
After the recording period, an acoustic signal from the vessel triggers a release
mechanism, causing the receiver to release from their anchors and float back to
the surface. The receiver consist of a buoyancy system (5 yellow spheres at the
top of the receiver), a data acquisition unit (white cubic box), an anchor, and
sensors (two pairs of orthogonal electric sensor and two pairs of magnetic
sensor). The receiver record the electric and magnetic field as time series before
they are processed into the frequency domain and combined with navigation
data [8]. The receiver also record the transmitted signal in the form of direct
waves, air waves reflected waves and guided waves [4]. Seabed logging delivers
subsurface resistivity information before drilling a well. Although the resolution
is lower than from borehole logging or seismic imaging, the technique is an

excellent ‘edge detector’ and greatly improves reservoir delinenation.

12



2.4 EM Transmitter

2.5

2.6

The electromagnetic waves transmitted from the EM transmitter diffuse in all
direction. The receivers placed on the sea floor captures three kinds of waves.
First is direct wave directly to the sea floor detectors from the transmitter.
Second is the air wave which is reflected and refracted through water air
interface. The third is the guided wave, the only reflected and refracted from
high resistive layers under the seabed. The electromagnetic waves which are
refracted back from the high resistive subsurface layers predict about the
hydrocarbon. The high resistive layer cannot be predicted if the target is deeper

at particular frequency. [9]

Air Waves

In shallow-water (500m-1000m) hydrocarbon exploration, the air layer creates a
problem: the source-induced airwave component. The airwave component is
predominantly generated by the signal component that diffuses vertically
upward due to small angle from the vertical at seafloor, will occur total
reflection occurs from the source to the sea surface, the wave then propagates
through the air at the speed of light without attenuation through the water layer
before diffusing back down vertically to the sea bottom, recorded by the
receiver on the seafloor. Even though a diffusion field is measured, the field is
called the airwave, where it is picked up instantly. Because of nearly instant
propagation, the airwave can be treated as a potential field in the atmosphere.
[19]

Stacking Layer

Hydrocarbon entrapment takes place when the rocks defining the bounding
surfaces of a wvalid trapping geometry possess hydrocarbon sealing
properties. The hydrocarbons are buoyant and have to be trapped within a
structural. Two or more hydrocarbon layer underneath seafloor are mainly be

focused on to maximize profit and to reduce exploration costs.

13



2.7 Theory

This section discussion on the basic theories involve in conducting data

processing in SBL.

2.7.1 Wave Propagation Paths in a Hydrocarbon Reservoir

In seabed logging, the energy of electromagnetic waves is guided along the oil
layers and attenuated to a certain extent. In high resistance layers such as
hydrocarbon, skin depth in the seabed are longer and at a critical angle of
incidence, energy refracted back to the seabed and detected by electromagnetic
receivers positioned thereupon [9] The received data is processed and presented
in two dimensional model to map the oil layer. There are five component of

received EM waves which are:

i Air waves : EM waves reflected back at the boundary of air and
seawater.

ii. Direct waves : EM waves from transmitter

iii. Reflected waves : EM waves from the seabed or host rock

iv. Reflected waves : EM waves from hydrocarbon

V. Guided waves : EM waves through hydrocarbon

(iii)

Figure 3 : Schematic Diagram of EM Waves in the form of Air Waves,
Direct Waves, Reflected Waves and Guided Waves [20]

14



2.7.2

In figure, a combination of energy pathways including signal transmission
directly through seawater, reflection and refraction via the seawater-air
interface, refraction and reflection along the seabed, and reflection and
refraction via possible high resistivity subsurface layers are recorded by the

seabed receivers.

Low frequency EM waves decay exponentially with distance z (m) by e=%/¢
where:
1)
&= 2p
-~ | @x107) @) (f)
Where

p = resistivity (Qm)
f = signal frequency (Hz)

The distance required to attenuate an EM signal by the factor e=1(0.37) is
defined as the skin depth and is about 780 m in seawater (0.3 Qm), 2013 m in 2
Qm sediment and 4E® m in air (101°Qm) for a 0.125 Hz signal. EM signals are
rapidly attenuated in seawater and seafloor sediments saturated with saline
water, and these signal pathways will dominate at near source-to-receiver offsets
(~ 3 km)

Wave Equation

Propagation constant, y is defined as,

y=a+]B,
where,
1
1 o \2 :
a = w\/u_wi 1+(E) -1
1
1 o \2 ’
B=wfiw|; 1+(E) +1

15



For magnitude of received wave,

E, = Ee(-2 ¢(-iB2)

To calculate intrinsic impedance, 1 of the medium,

The parameter o is commonly called as attenuation constant which will provide
the amplitude of decay, and B is called phase constant, which provide phase
propagation for the wave. By some approximate relations:

If 6 >> ¢

This indicates that in such cases,

—p~ [Wuo 1
e=p= |5 =3
where 0 is the skin depth.
2.7.3 Fundamental of Fields and Waves

Modern electromagnetism formulas are being used in the project. It is based on
a set of four fundamental relations known as Maxwell’s equations. Together
with some auxiliary relations, Maxwell’s equations form fundamental tenets of

electromagnetic theory.

where;
V +D=pv D=¢E
V xg=2 B=pH
at
J=0E
V «B=0
E = g0¥er
aD
\Y XH=J+—- 1= po*pr

16



2.6.3.1 Gauss Law

In quantitative approach of Gauss Law, the mathematical formula for electric

flux must include the effect of angle between surface and the field lines.

Normal

A¢, =E AA cos 6

Figure 4 : Electric field passing through a small surface of area A.

The normal to the surface makes an angle ? with the direction of the electric
field . The electric flux is equal to the product of the field strength E, the area A,
and the cosine of the angle between the direction of the field and the surface

normal [21]

2.7.4 Electromagnetic Waves

In electromagnetic waves most of the theory is related to Maxwell’s equations
and it is stated that magnetic field produced (B) is proportionally related to the
current and the type of material used. The bigger the current flows inside a
conductor and the higher the permeability of the material used, then the bigger
the B field is produced [9]. Both magnetic field (B) and electric field (E) are
propagating perpendicularly to each other with the same amplitude where the
reduction in B field intensity will cause the same amount of reduction in E field

as well [9].

Based on Maxwell equation [9]:

1
B = Ko
2nr

Where;

B = Magnetic field, I = Current
MO = Permeability r= Distance

17



2.8 Experiment Parameters

Modeling
Features Characteristic/Attributes/Units
Size
e Length 40000m?
e Width 20000m
20000m
Layers Thickness
e Air
= Thickness 500m
= Material Set Default
= Type Normal
= Epsilon 1
= Mue 1
= Electric conductivity 1e-011 [S/m]
e Seawater
= Thickness 2000m
= Material Set Default
= Type Normal
= Epsilon 81
= Mue 0.999991
= Electric conductivity 3.33 [S/m]
» Thermal conductivity 0.6 [W/K/m]
e Sediment
= Thickness 3200m
= Material Set Default
= Type Normal
= Epsilon 30
= Mue 1
= Electric conductivity 0.5 [S/m]
= Thermal conductivity 0.65 [W/K/m]
o Oil
= Separation between oil 1000m
= Material Set Default
= Type Normal
= Epsilon 4
= Mue 1
= Electric conductivity 0.004 [S/m]
= Thermal conductivity 0.15 [W/K/m]

Table 1: Modelling Parameters

18




CHAPTER 3

METHODOLOGY

3.1 Project Work

Problem Statement

Literature Review

Design Simulations

Simulation Tests
Problem

Data Interpretation

Final Report

Figure 5: Flow Diagram for Project Work
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Expl: Construct Modeling
(One Layer - Orientation)

Varying antenna orientations

YES

Simulation Tests
Problem Occurred?

Data Interpretation
Result and Analysis

Exp2: Construct Modeling
(Two Layers — Thickness Variation)

Varying the upper hydrocarbon
layer thickness

YES
Simulation Tests

Problem Occurred?

Varying the upper hydrocarbon
layer thickness

y

Data Interpretation
Result and Analysis

Figure 6 : Work Diagram of FYP1 Simulations
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Exp3: Construct Modeling
(Two Layers — Vary positions)

Varying oil layer positions

Simulation Tests

Problem Occurred?

Data Interpretation
Result and Analysis

Exp4: Construct Modeling
(Two Layers — Fixed position)

Varying the orientation of antenna '

YES

Simulation Tests

YES

Problem Occurred?

Data Interpretation
Result and Analysis

Figure 7 : Work Diagram for FYP2 Simulations
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Implementation

The project is a simulation base project. Specifically, it is a comparison of
antenna orientations and variation of hydrocarbon layer thickness and positions
for detecting hydrocarbon layers in seabed logging (SBL). The project will begin
with identification of problem statements on several issues related to SBL

transmitter and receiver combinations in deep water condition.

For this project, the most important task is data gathering and research to acquire
the theoretical equation, basic fundamental of antennas, the working principle,
and some ideas design for model development. Journal, articles, papers, books
from all sources regarding SBL and EM wave characteristics is essential to be
referred and to ensure the accuracy of collected data. Since different orientations
of transmitter and variation of layer thickness are being used for this project, a
firm knowledge of designing and concept of antennas and modeling must be

obtained to get the accurate result.

The next step is designing simulation by using CST EM STUDIO. As this is the
most crucial part of the project, some techniques in developing forward
modeling have to be learnt and the author must be able to simulate all antenna
orientations in order to find the most sensitive combination in detecting oil
layers. The received data in electric field will be processed as part of data

representation in one dimensional view.

Lastly, all the studies and discussions will be compiled in the final report. The
justification of the best combination of transmitter and receiver will be further

explained from the study.

22



3.2 Research Methodology

In gaining information relating to the major scope of the project, various
research have to be done. The research covers wide topic, especially on seabed
logging technique and modeling from different source; e-journal, e-thesis,

several trusted links, book, and papers.
The step of research:

e Information obtained in type and orientation of EM wave, their characteristic
in different frequency. Propagation of wave inside water.

e The classification of parameters in deep water condition, which focus on
vertical or horizontal, electric dipole combinations

e Layer thickness that affects the electric field (E-field) magnitude.

e Steps and techniques in 2D/3D modeling using CST EM Studio.

e Justification of obtained result.

3.3 Tool Required

i. CST EM Studio
Simulator software dedicated to the simulation of static and low
frequency devices. It features a variety of solver module to tackle
electrostatic, magneto statics, current flow, low frequency, and even
stationary temperature problems. This software will be the main tool
for developing the simulation of electromagnetic waves in seabed
logging applications. Conventional models can be easily extended
for one type of physics into multiphysics models that solve physics
phenomena and do so simultaneously. By using this software, it
enables the author to characterize, modeling design and varying the

antenna  orientations, improving overall performance.

23



3.3

Activities/Gantt Chart and Milestone

No | Detail/Week
Selection of Project Topic:
1 | Types and Orientation of Antenna for Hydrocarbon

Detection (Two Layers) in Seabed Logging

Preliminary Research Work: Research on literatures

related to the topic
3 | Submission of Extended Proposal
A Project Work:
Study on the research scope and method
5 | Viva: Proposal Defense and Progress Evaluation
o Project work continues: Further investigation on the
project and do modification if necessary
9 | Submission of Final Draft Interim Report
10 | Submission of Final Interim Report

Mid-Semester Break

10

11

12

13

14

Table 2: Gantt chart and Key Milestone for Final Year Project 1
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No | Detail/Week
Project Development:
. Types and Orientation of Antenna for
Hydrocarbon Detection (Two Layers) in Seabed
Logging é

2 Progress Report Eq:i
17

3 Pre-EDX &
&

4 Project Development: =
=

8 Submission of Final Draft Report

9 Submission of Final Report

10 | Final Viva

Table 3: Gantt chart and Key Milestone for Final Year Project 2
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This chapter describes the type and orientations of antennas between Horizontal
Electric Dipole antenna in line with receiver (HED-R), Horizontal Electric
Dipole antenna crossline with receiver (HED-P) and Vertical Electric Dipole
antenna (VED) for deep water target hydrocarbon exploration. The modeling
structures have been developed by using CST EM Studio that reflect the seabed
logging 3D simulation. The simulator has been modified to observe the results
by changing the orientation of the antenna, varying the hydrocarbon thickness
and observing the response of fixed postion by ploting magnitude versus offset

for different target depth were done. Table 1 and Table 2 shows the parameter

CHAPTER 4

RESULT AND DISCUSSIONS

setting for antenna and receiver used for the four experiments.

Antenna
Features Characteristic/Attributes/Units
Shape Cylindrical
'\ 270m
\\' i
Material Aluminium
e Material Set Low Frequency
e Type Normal
e Epsilon 1
e Mue 1
conductivity 237.0 W/ (K'm)
° Thermal Okl/K/ k?sg
conductivity 0.0kg/m
e Heat capacity
e Material density
info
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Length 270m
Diameter 0.1m
Radius

e Quter radius 0.05m

e Inner Radius Om
Orientation Varied
Height from seabed 30m
Current Line 1250A

Table 4 : Antenna parameter

The simulation was done on a full scale. Aluminium and copper are commonly
used for dipole antenna however for this project, aluminium is chosen due to its

light weight, less corrosive and lower than copper.

Receiver
Features Characteristic/Attributes/Units
Orientation X axis
Length 40000m
Separation between receiver 1000m

Table 5 : Receiver parameters

4.1.1 Experiment 1: Varying the orientation of the antenna

The model that has a hydrocarbon layer has been developed to right side of the
model (0-20000 m) in CST software. The size of model is 40000 m% The
receiver is from offset of -20000 m to 20000 m detecting the response of electric
field. The parameters are shown in the Figure 2 and Table 3 below. The antenna
is been placed in 3 different orientation shown in Figure 10, 11, and 12. In this

experiment, the author would like to determine the best antenna orientation for
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one layer hydrocarbon detection. The model used for this experiment is shown

in Figure 8
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Figure 9 : 3D Modeling in CST software
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Setting Sea water  Hydrocarbon Air Sediment

Relative Permitivity 81 4 1 30

Electric Conductivity 3.33 0.004 1E-011 0.5

Table 6 : Parameter setting

Hexahedral mashes with electric boundary condition and a low frequency solver
used to simulate the antenna. The dipole antenna with the length of 270 m and
1250A current are the two parameters being fixed. The antenna is placed with

different orientations as shown in Figure 3-5 below. The receiver is fixed on x-

direction.

\;\_

Figure 10 : Horizontal Electric Dipole Antenna,
inline with receiver (HED-R) — x direction
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Figure 11 : Horizontal Electric Dipole Antenna,
crossline with receiver (HED-P) — z direction

Figure 12: Vertical Electric Dipole Antenna (VED) —y direction
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Results

Offset Inline E- | Crossline | Vertical Offset Inline E- Crossline | Vertical
(m) Field E-Field E-Field (m) Field E-Field E-Field
[0.125], |[0.125], |[0.125], [0.125], |[0.125], | [0.125],
x/real x/real x/real x/real x/real x/real
0 1.19E-09 0 8.99E-12
1000 1.19E-09 0 8.99E-12 21000 2.77E-05 0 6.95E-05
2000 1.21E-09 0 1.44E-11 22000 5.05E-06 0 1.31E-06
3000 1.22E-09 0 2.54E-11 23000 1.31E-06 0 1.69E-07
4000 1.26E-09 0 4.63E-11 24000 5.34E-07 0 1.15E-07
5000 1.35E-09 0 8.49E-11 25000 2.70E-07 0 7.37E-08
6000 1.59E-09 0 1.55E-10 26000 1.59E-07 0 4.71E-08
7000 2.07E-09 0 2.80E-10 27000 1.01E-07 0 3.10E-08
8000 2.93E-09 0 5.11E-10 28000 6.71E-08 0 2.10E-08
9000 4.32E-09 0 9.32E-10 29000 4.52E-08 0 1.43E-08
10000 6.48E-09 0 1.69E-09 30000 3.11E-08 0 9.89E-09
11000 1.02E-08 0 3.21E-09 31000 2.21E-08 0 7.01E-09
12000 1.71E-08 0 6.10E-09 32000 1.57E-08 0 4.95E-09
13000 3.07E-08 0 1.15E-08 33000 1.14E-08 0 3.50E-09
14000 6.20E-08 0 2.22E-08 34000 8.43E-09 0 2.49E-09
15000 1.44E-07 0 4.33E-08 35000 6.40E-09 0 1.77E-09
16000 3.89E-07 0 8.15E-08 36000 5.05E-09 0 1.28E-09
17000 1.20E-06 0 1.40E-07 37000 4.21E-09 0 9.77E-10
18000 4.95E-06 0 1.29E-06 38000 3.73E-09 0 8.10E-10
19000 2.80E-05 0 7.08E-05 39000 3.42E-09 0 7.13E-10
20000 0.000519 0 1.45E-06 40000 3.42E-09 0 7.13E-10

Table 7 : E-field results on Different Antenna Orientation
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1.0E-06
1.0E-07
1.0E-08
1.0E-09
= 1.0E-10
© 1.0E-11
1.0E-12

lectric Magnitude [V/m]

Scale

JIT\\
/ N\
NS
0 20000 40000
Offset (m)

60000

E-field Magnitude on Sea Floor as function of Distance

Inline E-Field
[0.125], x/real

=== Crossline E-Field

[0.125], x/real
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Figure 13 : Graph for electric field magnitude of different antenna orientation.




Result from Figure 13 show the magnitude of received electric field (E-field)
from two side area; 0-20000 m of the area without hydrocarbon, and 20000m-
40000m which the area with the presence of hydrocarbon. Considering the field
received for the case of with hydrocarbon, the magnitude E-field from
Horizontal Electric Dipole antenna in line with receiver (HED-R) is showing
more higher magnitude compared to electric field received from Vertical
Electric Dipole antenna (VED) and Horizontal Electric Dipole antenna, cross
line with receiver (HED-P) which is receiving no field from the receiver.

The differences can be observed at the tails of the graph. It was analyzed that
HED-R shows a 380% increase in electric field strength as shown in Figure 13.
A clearer data for the three antenna is given in Table 7. HED-R is found to be
the most suitable antenna in detecting hydrocarbon layer for one layer. Based on
the Maxwell equations, the electric field responses of HED-R and VED are as
predicted. The electromagnetic wave propagation for HED-R is downward
which it is more direct to the hydrocarbon layer whereas for VED, the
propagation is on the sideward which is not direct to the target. HED-P is not
giving any response because the antenna is not in line with the receiver, which

follows the Gauss Law.

®,=fE.dA="Y

&0
Ag, = E AA cos i

(Gauss Law for Electrostatic)

Op =#B-JS =0
J's (Gauss Law for Magnetism)

The electric field for HED-R and VED are in perpendicular to the surface area
of receiver on the seabed, whereas the e-field direction for HED-P is parallel to
the surface area of the receiver, no field lines pass through at all and the electric

flux is zero.
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4.1.2 Experiment 2: Varying the thickness of upper hydrocarbon layer

For experiment 2, the previous model had been modified while other parameters

are fixed. An upper hydrocarbon layer with the same length has been added to

the model. The thickness of upper layer hydrocarbon is varied to obtain the

minimum oil layer thickness that EM waves penetrated. The same boundary

condition were applied the see the effect of electric field strength within the

defined boundary. Figure 3 is the modeling used for the experiment.
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Figure 14: Layer Parameters of Experiment 2
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Figure 16 : Experiment 2

By taking the electric field (E-field) magnitude received for lower layer

hydrocarbon only, upper layer hydrocarbon only and both hydrocarbon layer as

reference, then, the thickness of the upper layer hydrocarbon is varied

increasingly; 150m, 200m, 250m, and 500m and decreasingly; 50m, 30m, 20m,
10m, Im:
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Experiment 2 Results — Part 1

1.0E-03

1.0E-04

1.0E-05

[V/m]

nitude

1.0E-06

g

1.0E-07

Scaled Electric Ma

1.0E-08

1.0E-09

E-field Magnitude on Sea Floor as function of Distance

——100m both oil layer E-Field

__“} [0.125], x/real

= 150m upper layer E-Field
[0.125], x/real

= 200m upper layer E-Field
[0.125], x/real

——250m upper layer E-Field
[0.125], x/real

500m upper layer E-Field

[0.125], x/real

10000

20000 30000 40000 50000
Offset (m)

Figure 17 : Graph for electric field Magnitude with increasing thickness of Upper Hydrocarbon layer
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Experiment 2 Results — Part 2
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Figure 18 : Graph for electric field Magnitude with decreasing thickness of Upper Hydrocarbon layer
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Discussion Part 1 — Increasing Thickness

Offset (m) 100m both 150m 250m 500m Offset 100m 150m 250m 500m
oil layer E- upper upper upper (m) both oil upper upper upper
Field layer E- layer E- layer E- layer E- layer E- layer E- layer E-
[0.125], Field Field Field Field Field Field Field
x/real [0.125], [0.125], [0.125], [0.125], [0.125], [0.125], [0.125],
x/real x/real x/real x/real x/real x/real x/real
0 1.15E-09 1.15E-09 1.16E-09 1.17E-09 21000 2.74E-05 | 2.73E-05 | 2.73E-05 | 2.69E-05
1000 1.15E-09 1.15E-09 1.16E-09 1.17E-09 22000 4.83E-06 | 4.82E-06 | 4.81E-06 | 4.74E-06
2000 1.16E-09 1.17E-09 1.17E-09 1.18E-09 23000 1.16E-06 | 1.15E-06 | 1.15E-06 | 1.09E-06
3000 1.18E-09 1.19E-09 1.19E-09 1.20E-09 24000 434E-07 | 4.34E-07 | 4.31E-07 | 4.16E-07
4000 1.22E-09 1.22E-09 1.23E-09 1.24E-09 25000 2.11E-07 | 2.14E-07 | 2.14E-07 | 2.07E-07
5000 1.30E-09 1.31E-09 1.32E-09 1.33E-09 26000 1.27E-07 | 1.32E-07 | 1.34E-07 | 1.31E-07
6000 1.50E-09 1.50E-09 1.51E-09 1.53E-09 27000 8.43E-08 | 8.98E-08 | 9.39E-08 | 9.35E-08
7000 1.87E-09 1.88E-09 1.88E-09 1.91E-09 28000 5.90E-08 | 6.42E-08 | 6.89E-08 | 7.07E-08
8000 2.53E-09 2.53E-09 2.53E-09 2.55E-09 29000 423E-08 | 4.70E-08 | 5.18E-08 | 5.50E-08
9000 3.57E-09 3.55E-09 3.54E-09 3.56E-09 30000 3.12E-08 | 3.52E-08 | 3.99E-08 | 4.39E-08
10000 5.11E-09 5.07E-09 5.04E-09 5.05E-09 31000 2.36E-08 | 2.70E-08 | 3.15E-08 | 3.61E-08
11000 7.60E-09 7.53E-09 7.46E-09 7.44E-09 32000 1.80E-08 | 2.09E-08 | 2.51E-08 | 3.01E-08
12000 1.18E-08 1.17E-08 1.15E-08 1.15E-08 33000 1.40E-08 | 1.65E-08 | 2.04E-08 | 2.55E-08
13000 2.01E-08 1.98E-08 1.96E-08 1.96E-08 34000 1.11E-08 | 1.33E-08 | 1.69E-08 | 2.22E-08
14000 4.10E-08 4.06E-08 | 4.02E-08 4.04E-08 35000 9.16E-09 | 1.10E-08 | 1.44E-08 | 1.96E-08
15000 1.04E-07 1.04E-07 1.03E-07 1.04E-07 36000 7.85E-09 | 9.52E-09 | 1.26E-08 | 1.78E-08
16000 3.19E-07 3.18E-07 3.17E-07 3.24E-07 37000 7.08E-09 | 8.59E-09 | 1.15E-08 | 1.65E-08
17000 1.08E-06 1.08E-06 1.08E-06 1.13E-06 38000 6.65E-09 | 8.06E-09 | 1.08E-08 | 1.57E-08
18000 4.75E-06 4.75E-06 | 4.74E-06 4.79E-06 39000 6.39E-09 | 7.72E-09 | 1.03E-08 | 1.51E-08
19000 2.77E-05 2.77E-05 2.77E-05 2.81E-05 40000 6.39E-09 | 7.72E-09 | 1.03E-08 | 1.48E-08
20000 0.000518 0.000518 0.00051 0.000519

Table 8 : E-field results on increasing thickness of upper layer hydrocarbon

From Figure 17, the graph obtained, there are different response of E-field when

the thickness of the upper hydrocarbon layer been increased. The left side of the

graph (offset of Om to 20000m), represents the case where no oil layer presence.

It is showing a low magnitude of electric field. On the other hand, in Table 8,

the magnitude of E-field is increasing with respect to the increasing thickness of

the upper hydrocarbon layer.

For the thickness 150m of hydrocarbon layer,
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7.72E—-09—-6.39E-09

6.39E—-09

x 100 = 20.81%




1.03E-08-6.39E—-09
6.39E-09

For the thickness 250m of hydrocarbon layer, x 100 = 61.78%

1.48E-08—-6.39E-09
6.39E-09

For the thickness 500m of hydrocarbon layer, 100 =

131.61%
The increasing precentange with respect to increasing thickness of upper
hydrocarbon layer, this clearly show that the magnitude of E-field increase when

the thickness increase. The transmitter is detecting only the upper layer of the

hydrocarbon. The lower layer of hydrocarbon is been neglected.

Discussion Part 2 — Decreasing Thickness

|°wer1|:32: 1 90m both o Both layer exist

Leneth only E- oil Iay:iL:E‘; layer E- | 30m l:|p.per 20m L-Jp.per 10m L-Jp.per im t-lp.per

g Field Field ayer E-Field | layer E-Field layer E-Field layer E-Field

oz, | 0| i | e | | e | e

x/real x/real

0 1.15E-09 1.15E-09 1.15E-09 1.15E-09 1.15E-09 1.14E-09 1.14E-09
1000 1.15E-09 1.15E-09 1.15E-09 1.15E-09 1.15E-09 1.14E-09 1.14E-09
2000 1.16E-09 1.16E-09 1.16E-09 1.16E-09 1.16E-09 1.15E-09 1.15E-09
3000 1.17E-09 1.18E-09 1.18E-09 1.18E-09 1.17E-09 1.17E-09 1.17E-09
4000 1.20E-09 1.22E-09 1.21E-09 1.21E-09 1.20E-09 1.20E-09 1.20E-09
5000 1.28E-09 1.30E-09 1.29E-09 1.29E-09 1.28E-09 1.28E-09 1.28E-09
6000 1.48E-09 1.50E-09 1.49E-09 1.49E-09 1.48E-09 1.48E-09 1.48E-09
7000 1.90E-09 1.87E-09 1.87E-09 1.87E-09 1.89E-09 1.89E-09 1.89E-09
8000 2.63E-09 2.53E-09 2.55E-09 2.55E-09 2.62E-09 2.62E-09 2.62E-09
9000 3.79E-09 3.57E-09 3.61E-09 3.63E-09 3.78E-09 3.78E-09 3.78E-09
10000 5.55E-09 5.11E-09 5.21E-09 5.24E-09 5.53E-09 5.53E-09 5.53E-09
11000 8.42E-09 7.60E-09 7.80E-09 7.87E-09 8.40E-09 8.40E-09 8.40E-09
12000 1.33E-08 1.18E-08 1.22E-08 1.23E-08 1.33E-08 1.33E-08 1.33E-08
13000 2.29E-08 2.01E-08 2.08E-08 2.10E-08 2.28E-08 2.28E-08 2.28E-08
14000 4.62E-08 4.10E-08 4.22E-08 4.26E-08 4.60E-08 4.60E-08 4.60E-08
15000 1.15E-07 1.04E-07 1.07E-07 1.07E-07 1.14E-07 1.14E-07 1.14E-07
16000 3.40E-07 3.19E-07 3.23E-07 3.25E-07 3.38E-07 3.38E-07 3.38E-07
17000 1.13E-06 1.08E-06 1.09E-06 1.09E-06 1.12E-06 1.12E-06 1.12E-06
18000 4.87E-06 4.75E-06 4.77E-06 4.77E-06 4.83E-06 4.83E-06 4.83E-06
19000 2.81E-05 2.77E-05 2.78E-05 2.78E-05 2.79E-05 2.79E-05 2.79E-05
20000 0.000517 0.00052 0.000519 0.000519 0.000517 0.000518 0.000518
21000 2.72E-05 2.74E-05 2.74E-05 2.75E-05 2.75E-05 2.75E-05 2.75E-05
22000 4.57E-06 4.83E-06 4.84E-06 4.84E-06 4.78E-06 4.78E-06 4.77E-06
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23000 1.33E-06 1.16E-06 1.16E-06 1.15E-06 1.09E-06 1.09E-06 1.09E-06
24000 3.96E-07 4.34E-07 4.23E-07 4.17E-07 3.67E-07 3.66E-07 3.65E-07
25000 1.53E-07 2.11E-07 1.94E-07 1.88E-07 1.51E-07 1.51E-07 1.50E-07
26000 7.86E-08 1.27E-07 1.10E-07 1.04E-07 7.93E-08 7.91E-08 7.89E-08
27000 4.81E-08 8.43E-08 6.95E-08 6.56E-08 4.90E-08 4.89E-08 4.88E-08
28000 3.27E-08 5.90E-08 4.73E-08 4.45E-08 3.29E-08 3.28E-08 3.28E-08
29000 2.32E-08 4.23E-08 3.33E-08 3.13E-08 2.29E-08 2.29E-08 2.28E-08
30000 1.67E-08 3.12E-08 2.42E-08 2.28E-08 1.65E-08 1.65E-08 1.64E-08
31000 1.24E-08 2.36E-08 1.82E-08 1.71E-08 1.23E-08 1.23E-08 1.23E-08
32000 9.30E-09 1.80E-08 1.38E-08 1.30E-08 9.28E-09 9.27E-09 9.25E-09
33000 7.14E-09 1.40E-08 1.07E-08 1.00E-08 7.14E-09 7.13E-09 7.12E-09
34000 5.64E-09 1.11E-08 8.46E-09 7.93E-09 5.64E-09 5.63E-09 5.63E-09
35000 4.57E-09 9.16E-09 6.88E-09 6.43E-09 4.57E-09 4.56E-09 4.56E-09
36000 3.84E-09 7.85E-09 5.83E-09 5.42E-09 3.83E-09 3.82E-09 3.82E-09
37000 3.37E-09 7.08E-09 5.18E-09 4.79E-09 3.35E-09 3.34E-09 3.34E-09
38000 3.06E-09 6.65E-09 4.81E-09 4.42E-09 3.05E-09 3.04E-09 3.04E-09
39000 2.85E-09 6.39E-09 4.57E-09 4.18E-09 2.84E-09 2.83E-09 2.83E-09
40000 2.85E-09 6.39E-09 4.57E-09 4.18E-09 2.84E-09 2.83E-09 2.83E-09

Table 9 : E-field results on decreasing thickness of upper layer hydrocarbon
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Figure 18 : Maximum Percentange Difference vs. Layer Thickness (m)

From the graph obtained, as in experiment 2.1, there are different responses

between thickness of layers. On the left side of the graph (0-40000m), represents
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the case of without hydrocarbon layer. For the right side of the graph, the
response for 20m, 10m, and 1m of upper layer hydrocarbon is the same as if
there is only lower layer of hydrocarbon in the modelling. However, when the
thickness of the upper layer hydrocarbon increase to 30m, the magnitude of E-

field deviates from the E field response of 20m, 10m, and 1m of the upper layer

hydrocarbon.
2.83E—09—-2.85E—09
For 1m of upper hydrocarbon layer, x 100 =-0.7%
2.85E—09
2.83E—09—-2.85E—-09
For 10m of upper hydrocarbon layer, x 100 =-0.7%
2.85E—09
2.84E—09—-2.85E—-09
For 20m of upper hydrocarbon layer, x 100 = -0.35%
2.85E—09
4.18E—09—-2.85E—-09
For 30m of upper hydrocarbon layer, x 100 = 46%
2.85E—09
4.57E—09—-2.85E—-09
For 40m of upper hydrocarbon layer, x 100 = 60.35%

2.85E-09

Based on the difference obtained in the calculation, the magnitude of E-field
deviates more at the upper layer hydrocarbon thickness of 30m. This may also

relates with the concept of skin depth where

it shows how far EM waves penetrate into a medium. If the skin depth is large
for high resistive medium, it will have higher rate of attenuation as compared to
the low resistive medium. Based on the calculation for skin depth, 780m in
seawater (0.3Qm), 2013m in 2Qm of sediments, and 4E+08 in air for 0.125Hz.
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4.1.3

Experiment 3: Varying position of 2nd Hydrocarbon Layer

In experiment 3, the length of upper layer hydrocarbon is been reduced to
5000m. The author also varies the position of upper layer to observe the
response of electric field magnitude with respect to different placement of
hydrocarbon layer. Percentange difference of electric field magnitude between
the cases where lower layer only exist and both oil layer presence as in Figure

30 are being recorded. All other parameters are fixed.

Figure 19: Case 1 — HC Offset (20000-25000)

2nd Oil Layer (100m) [20000,25000]

1st|0il Layer (100m) [20000, 40000] i

\

e Figure 20: Case 2 — HC Offset (25000-30000)

2nd Oil Layer (100m) [25000,30000]

1st Oil Layer (100m) [20000,40000] \

o Figure 21: Case 3 — HC Offset (30000-35000)

2nd Oil Layer (100m)|[30000,35000]

1st Oil Layer (100m) [20000,40000] \ l
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e Figure 22: Case 4- HC Offset (35000-40000)

1st Oil Layer (100m) [2L000,40000]

2nd Oil Layer (100m) [35000,40000] -

~

Results Experiment 3

Case 1 — HC Offset (20000-25000)

Offset(m) E-Value Without E-Value With .Percentage
2nd Layer (V/m) 2nd Layer (V/m) Differences (%)

2.00E+04 0.000555241 0.00055528 0.007132045
2.10E+04 3.10E-05 3.10E-05 -0.171954119
2.20E+04 5.24E-06 5.23E-06 -0.182736509
2.30E+04 1.46E-06 1.49E-06

2.40E+04 4.17E-07 4.53E-07

2.50E+04 1.31E-07 1.60E-07

2.60E+04 5.51E-08 7.09E-08

2.70E+04 3.05E-08 3.79E-08 24.3630459
2.80E+04 2.00E-08 2.39E-08 19.44423881
2.90E+04 1.40E-08 1.63E-08 16.1029573
3.00E+04 1.02E-08 1.17E-08 14.32000422
3.10E+04 7.58E-09 8.60E-09 13.45414978
3.20E+04 5.72E-09 6.47E-09 13.09529574
3.30E+04 4.48E-09 5.00E-09 11.55596232
3.40E+04 3.58E-09 3.94E-09 10.00827559
3.50E+04 2.92E-09 3.20E-09 9.355858445
3.60E+04 2.45E-09 2.68E-09 9.622044233
3.70E+04 2.10E-09 2.32E-09 10.15408937
3.80E+04 1.89E-09 2.07E-09 9.937118124
3.90E+04 1.77E-09 1.94E-09 9.558899292
4.00E+04 1.72E-09 1.89E-09 9.476069579

2nd Qil Layer (gray) 20000m-25000m
Oil Shown at Receiver (tan) 23000m-26000m
Range Percentage Field Difference 1.7% - 28%

42




Case 2 — HC Offset (25000-30000)

Offset(m) E-Value Without E-Value With 2nd Layer .Percentage
2nd Layer (V/m) (V/m) Differences (%)
2.00E+04 0.000555241 0.00055524 -3.60204E-05
2.10E+04 3.10E-05 3.10E-05 0.001384909
2.20E+04 5.24E-06 5.24E-06 0.007869493
2.30E+04 1.46E-06 1.46E-06 0.008143194
2.40E+04 4.17E-07 4.16E-07 -0.223595082
2.50E+04 1.31E-07 1.29E-07 -1.863052071
2.60E+04 5.51E-08 5.25E-08 -4.645927729
2.70E+04 3.05E-08 3.02E-08 -1.062292009
2.80E+04 2.00E-08 2.13E-08
2.90E+04 1.40E-08 1.59E-08
3.00E+04 1.02E-08 1.17E-08
3.10E+04 7.58E-09 8.58E-09
3.20E+04 5.72E-09 6.43E-09 12.31889999
3.30E+04 4.48E-09 4.94E-09 10.29398342
3.40E+04 3.58E-09 3.87E-09 8.016132521
3.50E+04 2.92E-09 3.11E-09 6.432417823
3.60E+04 2.45E-09 2.59E-09 5.753010719
3.70E+04 2.10E-09 2.22E-09 5.373033814
3.80E+04 1.89E-09 1.97E-09 4.426920103
3.90E+04 1.77E-09 1.83E-09 3578614479
4.00E+04 1.72E-09 1.78E-09 3.313264373
2nd Oil Layer (gray) 25000m-30000m
Oil Shown at Receiver (tan) 28000m-31000m
Range Percentage Field Difference 6.5% - 13.9%
Case 3 — HC Offset (30000-35000)
Offset(m) E-Value Without E-Value With .Percentage
2nd Layer (V/m) 2nd Layer (V/m) Differences (%)
2.00E+04 0.000555241 0.000555241 1.80102E-05
2.10E+04 3.10E-05 3.10E-05 0
2.20E+04 5.24E-06 5.24E-06 5.73021E-05
2.30E+04 1.46E-06 1.46E-06 0.000752732
2.40E+04 4.17E-07 4.17E-07 0.006184341
2.50E+04 1.31E-07 1.31E-07 0.0340621
2.60E+04 5.51E-08 5.52E-08 0.085379399
2.70E+04 3.05E-08 3.05E-08 0.001999007
2.80E+04 2.00E-08 1.99E-08 -0.525359093
2.90E+04 1.40E-08 1.38E-08 -1.868571933
3.00E+04 1.02E-08 9.86E-09 -3.650383344

43



3.10E+04 7.58E-09 7.27E-09 -4.108475383
3.20E+04 5.72E-09 5.66E-09 -0.998118226
3.30E+04 4.48E-09 4.66E-09
3.40E+04 3.58E-09 3.88E-09
3.50E+04 2.92E-09 3.21E-09
3.60E+04 2.45E-09 2.66E-09 8.798498767
3.70E+04 2.10E-09 2.25E-09 6.935805054
3.80E+04 1.89E-09 1.98E-09 5.221030482
3.90E+04 1.77E-09 1.84E-09 4.127655045
4.00E+04 1.72E-09 1.79E-09 3.698762495
2nd Oil Layer (gray) 30000m-35000m
Oil Shown at Receiver (tan) 33000m-35000m
Range Percentage Field Difference 3.4%-9.9%
Case 4- HC Offset (35000-40000)
E-Value Without E-Value With Percentage
Offset(m) 2nd Layer (V/m) 2nd Layer (V/m) Differences (%)
2.00E+04 0.000555241 0.000555241 0
2.10E+04 3.10E-05 3.10E-05 0
2.20E+04 5.24E-06 5.24E-06 -1.91007E-05
2.30E+04 1.46E-06 1.46E-06 0
2.40E+04 4.17E-07 4.17E-07 -0.000119852
2.50E+04 1.31E-07 1.31E-07 0.000152403
2.60E+04 5.51E-08 5.51E-08 0.002522367
2.70E+04 3.05E-08 3.05E-08 0.008946376
2.80E+04 2.00E-08 2.00E-08 0.018007167
2.90E+04 1.40E-08 1.40E-08 0.024352245
3.00E+04 1.02E-08 1.02E-08 0.011723055
3.10E+04 7.58E-09 7.57E-09 -0.055288839
3.20E+04 5.72E-09 5.71E-09 -0.238538701
3.30E+04 4.48E-09 4.45E-09 -0.642393413
3.40E+04 3.58E-09 3.54E-09 -1.320968789
3.50E+04 2.92E-09 2.87E-09 -1.89855489
3.60E+04 2.45E-09 2.41E-09 -1.424586164
3.70E+04 2.10E-09 2.13E-09
3.80E+04 1.89E-09 1.97E-09
3.90E+04 1.77E-09 1.88E-09
4.00E+04 1.72E-09 1.85E-09

2nd Oil Layer (gray)

35000m-40000m

Oil Shown at Receiver (tan)

37000m-40000m

Range Percentage Field Difference

1.1%-7.5%
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Analysis
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Figure 23 : Responses of E-field for Experiment 3
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Figure 24 : Case 1 — HC Offset : 20000-25000
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Figure 25 : Case 2 — HC Offset : 25000-30000
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Figure 26 : Case 3 — HC Offset : 30000-35000
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Figure 27 : Case 4- HC Offset : 35000-40000

In different cases, the original location of oil layer is being highlighted with gray
and oil being shown at certain offset (tan). In the graph obtained, there are
slight different responses between location of second hydrocarbon layer.
Responses are taken on the right side of the model (20000-40000m), for two
layers, varying the position of second layer hydrocarbon as shown above.
Comparing the percentage difference between the simulations done as in Figure
16, the minimum percentage of starting point of hydrocarbon to be considered
is 1% and the highest percentage field difference is taken as the ending point of

hydrocarbon for every cases.

It is shown in the result that the percentage of E field increased as minimum as
1% after 3000m the original location of hydrocarbon. It can be interpreted that
the oil location can be determined to be in the 3000m earlier after the first
receiver detects minimum percentage difference of 1% to the highest percentage
difference where it can be assumed as the ending point of the second
hydrocarbon layer.
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4.1.4 Experiment 4: Fixed position of two layer hydrocarbon

In this experiment, the position of the upper layer hydrocarbon is fixed and
different antennas in the Figure 10 and 12 are used to find the best oriented
antenna to detect stacking of hydrocarbon layer in the seabed. Percentange
difference of Electric field magnitude between the case where lower layer only
exist and both oil layer presence as in Figure 30 are being recorded. Both
antenna are being compared. Figure 28 is the modeling used for the experiment.

2300 -
Air 200m
2 *

frrrm

ol

-20C0]

-2300

Ll Ll Ll 1
-200c0 -10000 e iceco 2ceco 2ceco sccco

Figure 28 : Layer Parameters of Experiment 4
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Results Experiment 4

Scaled Electric Magnitude [V/m]

E-field Magnitude on Sea Floor as function of Distance
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Figure 31: Electric field response for Horizontal Electric Dipole Antena,
Inline with receiver (HED-R)
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Figure 32 : Electric field response for Vertical Electric Dipole Antena (VED)
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Percentange Differences (%) vs. Offset (m)
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Figure 33 : Percentage Difference between HED and VED

CONDITION HED VED
(INLINE)
st
1™ Hydrocarbon layer 4.90E-09 9.78E-10
only exist.
Both layers exist 5.74E-09 1.26E-09
Percentange
17.12 28.
Difference (%0) 833

Table 10 : Percentage Difference between HED and VED
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In Figure 31 and 32, there are different responses obtained for both cases. Figure
31 shows the electric field response for HED-R antenna and Figure 32 shows
the electric field response for VED antenna. The blue lines represent the electric
field response for only one layer presence in the model whereas the red lines
represent the electric field response for both layer exist (Refer to figure 30) .
The differences can be observed in both graphs which are from offset 30000-
35000m. This is due to location of the hydrocarbon is at the distance of 10000-
15000m. There are different detection responses between two different antennas
which are Horizontal Electric Dipole, in line with the receivers (HED-R) and
Vertical Electric Dipole (VED)

In the experiment, Vertical Electric Dipole (VED) gives the highest increment in
percentage detecting double stacking up to 11.21%. Based on the Maxwell
theories for antenna, and field propagation, it can be interpreted that VED is the

best antenna orientation to detect double layer of hydrocarbon.
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CHAPTER 5

CONCLUSION

5.1 Conclusion

5.2

In a nutshell, this project is a comprehensive research study about comparison
of antenna orientations and variation of thickness and position of two
hydrocarbon layers in seabed logging. The author believes that this project will
be beneficial to the future of oil and gas industry. To conclude, the Vertical
Electric Dipole (VED) is the best oriented antenna to detect stacks of
hydrocarbon layer with an increase of 11.21% percentage difference as
compared to Horizontal Electric Dipole (HED) antenna in Seabed Logging. The
thickness variation of hydrocarbon layers shows that for every increment of
50m upper oil layer, there will be 20% increment of E-field magnitude,
recorded by the receiver. The minimum thickness of upper hydrocarbon layer to
block the response of lower hydrocarbon layer is 30m. The thicker oil layer,
the higher E-field obtained. The oil location can be determine by observing the

increase of percentage difference.

Recommendation

Improvement on developed SBL Simulator can be done by including more
inputs parameter option that consider all size and shape of hydrocarbon reservoir
including the shape of antenna. Frequency variation also vary the response of E-
field received. Higher dimension modeling can be developed for better accuracy

in detection of hydrocarbon underneath seafloor.
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