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ABSTRACT

Near-surface diffractors are one of the problem$&id seismic exploration. They
can scatter the surface wave energy emanating tihenseismic source and contaminate
the signal received by seismic receivers. The eit energy from the near-surface
diffractors manifests itself on seismic shot gathas strong hyperbolic events, called
diffractions, masking the weak reflected body wa\iffractions present complications
to most of surface waves suppression schemes,iabp&ten they have been scattered
by scatterers away from the line of receivers. é&édht methods have been tried to
eliminate diffractions from seismic data e.g., dempe arrays, filtering, and inverse
scattering of Rayleigh waves. Each of those methadsts own limitations. In this thesis
processing algorithms to map near-surface diffractif surface waves and attenuate
their diffracted energy in seismic shot gathers @esented. The mapping algorithm is
based on semblance measurement and time-offsgbnelehile the attenuation algorithm
is based on least mean square best-fit of Rickerelea The algorithms have been
applied on synthetic data from two different modélke first model has three near-
surface diffractors while the second model hasetlulesters of near-surface diffractors.
Each cluster consists of three near-surface diffrac with distances between them
varying form one cluster to another. The resultbath algorithms were excellent in most
of the cases. They only had problems when the agparbetween individual diffractors

is below the expected wavelength of the surfaceswav



CHAPTER 1

INTRODUCTION

1.1 Introduction

Driven by the growing demand for oil and gas thenest of the oil and gas companies
has been shifted toward exploring more complexrvess and enhancing production
from existing assets. This drift has introduced rehallenges to the geoscientists and
engineers in the industry. Delineating bypassedand gas, optimizing well placement
and proactive monitoring of the reservoir fluid belor over time are gaining more

emphasis.

Because of those challenges, a better understandlithg reservoirs is needed. Hence,
reliable high resolution data are required. Seismi@aging is a vital part in getting these
data. The quality of seismic data is defined by slgmal-to-noise ratio (SNR) and the
frequency bandwidth of the signal — the wider ttendwidth the better the quality
(Yilmaz, 1987). Over the years, geoscientists amgireers have tried to increase the
seismic data quality by developing better acquisisurvey designs and data processing

algorithms.



One major cause of the poor seismic data qualitiydseffect of the near-surface region
on the seismic wavefield. Most of the seismic pesing techniques used to overcome
this problem assume homogeneous, isotropic hoaflgniayered Earth. However, due to
various physical and geological processes, the g@utop layers near the Earth's surface
can be complex and heterogeneous. Rough topography dunes, karsts and glacial

tills are the most common near-surface featurasdingrade the quality of seismic data.

The near-surface region can cause variation iretr@imes and amplitudes of upcoming
reflections from deep targets. This effect of tiaume variation is treated by different
methods such as static corrections, surface-censisteconvolution and re-datuming

techniques.

Another effect of the near-surface complexitighi¢h is the scope of this thesis) is the
scattering of surface waves that can mask thectedtes of interest. Sharp discontinuities
in density due to geological features (for exanikalests) or artificial objects buried in the
near surface can act as a secondary source whemrdencountered by surface waves
(Figure 1-1). This study will focus on the surfacaves scattering effect of near-surface

heterogeneities, how it can be detected and elteuha

This thesis is organized in five chapters. Chapteg gives a background about the
problem and states the objective of the thesis.p@natwo describes the proposed

methodology that has been followed in this thesisdlve the problem. Chapter three



3
introduces two models that have been built to test method proposed to solve the
problem. Chapter four presents the results of thests. Finally, chapter five concludes

with the main findings of the thesis and gives sset®@mmendations for future work.
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Figure 1-1: A cartoon showing a diffractor. Theuléag diffraction
hyperbola is clearly seen on the shot gather.

1.2 Problem Statement

Side-scattered surface waves from near-surfaceadiffrs can mask the reflections
coming from deep targets. In areas with severe-sidace complexities (sand dunes,

karsts, wadis, etc.), removing scattered energysenaian be the key to have an
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interpretable seismic image (Figure 1-2). Therefaecial processing algorithms are

needed to solve the problem of scattered surfasesvaom near-surface diffractors.

1.3 Literature Review

Scattered surface waves from near-surface diffraqgicesent a complication to most of
the surface waves suppression schemes, especiadly the waves have been scattered
from scatterers away from the line of receiverssTast case refers to the so-called side-
scattered waves. These kinds of waves are chawstepy their low frequency, high
amplitude and high hyperbolic moveout at near téfsBifferent methods exist to reduce
coherent scattered noise e.g., geophone arraysijrd techniques, and wavefield-based

techniques.

A common method to remove scattered surface wavdgifiltering in the frequency-
wavenumber (f—k) domain (Yilmaz, 1987). Becauserisegface side-scattered surface
waves have partly hyperbolic moveout and hence hgtarent velocities, their energy
may lie in the pass zone of a dip filter, reduditsgeffectiveness to enhance the desired

reflection energy.
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Blonk and Herman (1994) derived an efficient modsing inverse scattering of
Rayleigh waves in a homogeneous elastic half-spaocehich scatterers are distributed
near the surface. With knowledge of the near-sertattering distribution it is possible
to calculate the scattered waves and subsequeunltifrast them from the data. An
important step in this method is the correct ediimnaof the position of the sources

generating the scattered waves.

104301151 a) 1o43e1zoa] 104301151 b) 104301204

Figure 1-2: Stacked seismic data, a) before rengosaattered surface waves, and b)
after removing scattered surface waves. We cathedeig improvement
in the continuity of reflectors after removing theattered surface waves
(from Herman and Perkins, 2006).
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Nemeth et al. (2000) proposed a method based oreva wavefield separation
algorithm, called migration filtering, to addreg® tscattering problem. In this method the
wave-arrivals of the signal and the coherent nargeseparated according to their travel

path and their actual moveout characteristics.

During acquisition, properly chosen geophone arragm suppress horizontally
traveling surface waves through destructive interfee which occurs when the signals
from the geophones in the array are summed. Howévelake care of the hyperbolic
nature of the side-scattered noise, complex amys lgeophone-arrays are needed. This is
a limitation as the trend in the industry now isving toward the single geophone
recording to eliminate the loss of high frequeneiss result of intra-array statics (Baeten
et al., 2000). Al-Shuhail and Al-Ghamdi (2000) ppspd a forward modeling method to
locate and remove side-scattered noise from netaesudiffractors on land seismic shot
gathers. They proposed a semblance analysis to fecaand locate the near-surface
diffractors. Travel times for each located diffiaat will be calculated and subtracted

from the data.

Gulunay et al. (2006) proposed a similar methotboating and attenuating diffracted

noise from heterogeneities in the water body ofimneaseismic surveys.

Following Blonk and Herman’s (1994) method (i.eegict-and-remove), Herman and
Perkins (2006) derived a wavefield-based methodstomate and suppress near-surface
side-scattered surface waves. Their method is based mathematical model whose

parameters describe the essential properties afdaeered noise After the parameters
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are estimated; the noise is predicted and subttaatiaptively from the data. This
technique is computationally extensive and complBxerefore, to keep the method

practical, a considerable number of approximatimnge to be made.

1.4 Objective

The objective of this thesis is to build a dataveini processing algorithm to map near-
surface diffractors of surface waves (in the x-gpng) and attenuate their diffracted

energy in seismic shot gathers.



CHAPTER 2

METHODOLOGY

2.1 Introduction

The proposed method in this thesis is based omtaia steps. The first step is to locate
or map the near-surface diffractors on the x-y @land identify their locations with
respect to the seismic source and receivers ussegsenic shot gather. The second step is
to remove or eliminate their diffracted energy.sltsi done by modeling or estimating the
diffracted energy using the seismic shot gathea @at an input and then subtracting it

from the seismic shot gather. This chapter explaimsse two steps in details.

2.2 Mapping Near-Surface Diffractors

To map diffractions (in the x-y plane ) from theansurface diffractors of surface
waves in a seismic shot gather, an approach sitalénat proposed by Al-Shuhail and
Al-Ghamdi (2000) will be adopted. Based on the getynof Figure 3, the side-
scattering time-offset (T-X) relation from a nearface diffractor can be represented by

the following equation:



T(X) = (1/V)[y/(Dx - S¥? + (Dy - Sy)? +(Dz - S3? (2-1)
+,/(Dx= R +(Dy - Ry)’ +(Dz- R3’]

Where:

T(X) = Two-way travel time.

V= Velocity of surface waves.

Dx, Dy, Dz = x-, y-, z-Coordinates of the diffract@spectively.
Sx, Sy, Sz = x-, y-, z-Coordinates of the sourspeetively.

RX, Ry, Rz = x-, y-, z-Coordinates of the receivaspectively.

In land seismic acquisition the geophones and ssutan be laid on the surface so Rz
and Sz can be taken as zero. Assuming that Dan the case of near-surface diffractors
(surface waves that cause the scattering can hpedigtrate deeper than one wavelength)

Equation 2-1 can be simplified to:

T(X) = (1/V)[\/(Dx—8x)2 +(Dy - Sy)? +\/(Dx— RX)? +(Dy - Ry)?] (2-2)
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Based on Equation 2-2, we can calculate the titawel of the side-scattered energy of a
near-surface diffractor at (Dx, Dy), on each reeeifRx, Ry) generated by a surface

wave traveling with a velocity V emanating fromeassnic source at (Sx, Sy).

Source
(5%, Sy, 52) g

Figure 2-1: Geometry used to calculate the timeetffelation of the
side-scattered diffraction.

To map diffractions (in the x-y plane) from the nsarface diffractors of surface waves
in a seismic shot gather | developed a Mapping Geileg MATLAB®. The Mapping
Code grids an area around the receivers line @nxtl plane ) and assumes each point
on that grid is a point diffractor and compute ¢taresponding hyperbolic travel time
curve from Equation 2-2 using a specific surfacevavaelocity. Then to assess the

assumption of a point on the grid being a diffractbe semblance (Taner and Kohler,
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1969) will be calculated in a window centered oa talculated diffraction travel time

curve. The size of the window is equal to the siafaave dominant period.

So as an output, we will end up with a semblandeevior each point on the grid, or in
other words a Semblance Map. Points with high \&ahethe Semblance Map are more
likely to be diffractors. The user may try a rarajesurface waves velocities to generate
multiple Semblance Maps. The Semblance Map correpg to the velocity that is
closest to the real velocity of surface waves widglld the highest semblance values (see

Chapter 5).

The following steps —and the flow chart on Figuresdmmarize the Mapping Code

algorithm:

1) Take as an input a seismic shot gather (in SEGBWrformat) and read all
headers to obtain Sx, Sy, Rx, Ry, sampling ratg (dtord length in time (RL),

etc.

2) Take as an input a range of expected velocitiedhfersurface waves [Vmin —

Vmax], velocity increment dV, and expected sugfa@ve frequency fsw.

3) Starting with surface wave velocity V=Vmin, the eodill calculate a set of
diffractor locations {(Dx, Dy)} based on V and thecord length (RL) such that

T(X) <RL.

4) Calculate the T(X) using Equation 2-2 for eaclirddtor (Dx, Dy) using Vmin.



5)

6)

7)

8)

12
Compute the semblance from the shot gather in down(equal to the dominant
period of surface waves) around T(X) for eachrddfor (Dx, Dy). That will give

us a Semblance Map in the (x-y plane ) for the sigfo/min.

Increment V by dV and repeat steps (3)-(5) uatllivelocities are exhausted.

Inspect Semblance Maps to determine probable difiralocations and their

associated surface-wave velocities.

Store {Dx,Dy,V} of each diffractor for later use #ttenuation Code.



Mapping Code

Read shot gather (data &
headers)

Vmin, Vmax, dV & f
sw

Semblance Map

Done with all
velocities ?

Store (Dx, Dy, V) for each
diffractor

Figure 2-2: Flowchart of Mapping Code.

13
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2.3 Attenuation of Near- Surface Diffractions

After identifying near-surface diffractor locatiorand their associated surface-wave
velocities, the second part of this thesis workoisemove the near-surface diffractions
from the seismic shot gather. Given diffractor lomas {(Dx, Dy)} and their associated
surface-wave velocities (V) | developed another NLAB code to attenuate the near-

surface diffractions (Attenuation Code).

The Attenuation Code calculates a diffraction hippéa, using Equation (2-2), that
corresponds to each {Dx,Dy,V} triplet using the ocdinates of the source of the input
shot gather {Sx,Sy} and all receivers along theuingather {Rx,Ry}. The code then
selects all samples in a window centered aroundalmilated hyperbola. The size of the

window equals the surface wave dominant period.

The next step is to estimate the diffracted sigitglin each window of each trace x(t)
in the input shot gather. Each window of the tra@® is consisting of the diffracted
signal s(t) and any other event (random noisegcglins, etc..) that we are considering as
a noise n(t). The estimation of the diffracted sigas(t) is accomplished by least-squares
fitting of Ricker wavelets s(t)=A*(1-2(fsw t) 2) exp —@ fsw t)2 (where A is the peak
amplitude of the wavelet and fsw is it's frequenty)ninimize the error e(t) between x(t)

and s(t). Other types of wavelets can be usedttord if the expected scattered wavelets
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are considerably different from a Ricker waveleg(eminimum-phase wavelets). The

flow chart in Figure 5 summarizes the Attenuati@md€ algorithm.



Diffractions Attenuation Code

Shot Gather,
Diffractors Locations {(Dx,Dy)},
Surface Wave Velocity &
frequency(V),(f_,)

Subtract best estimate of the
diffraction signal Es(t) from the
input shot gather

Shot gather cleaned from
near-surface diffractions

Removed all
diffractions?

Estimation of s(t) from x(t)
in Least Square sense
2 -(ef_1)2
s(t):A*(i—Z(nfswt) Yrexp

x(t)=s(t)+n(t) Best-Fit

¥ (Least Mean
Square)

Figure 2-3: Flowchart of Attenuation Code.
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CHAPTER 3

MODELING OF NEAR-SURFACE DIFFRACTORS

3.1 Introduction

Although the Mapping & Attenuation Codes work ongte 2D shot gathers with one
receiver line, the problem of near-surface diffi@ts$ is a 3D problem because the near-
surface diffractors are located outside the recédiive vertical plane . This is why |

needed to develop my own 3D modeling code.

| developed a MATLAB modeling code (Diffraction Garation Code) to generate
diffractions of surface waves from near-surfacefradtors. | used Equation 2-2 to
calculate the arrival times for each diffractor (CRy). Then | generated an empty
seismic shot gather (all amplitudes on all traces zeros) with a sampling rate
dt=0.004 s and | replaced the zero amplitudes at samplesesmonding to the

calculated diffractor arrival times with unit antplile. After that | generated a Ricker

wavelet using the following formula (Sheriff and|Gat, 1995):

17
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-(rrxfswxt)”

w() = A(1-2(77x fswt) | <e (3-1)

| used a dominant frequencysw=15 Hz and amplitudeA=1 using the same
sampling rate afit = 0.004. Then, | convolved the Ricker wavelet with thessg@tc shot
gather that has unit impulses at the diffractovetaimes. Finally, | added an attenuation
factor to the traces amplitude usingCag¢) factor (Yilmaz, 1987) where is the angle
between the perpendicular line going from the ddfor point to the receiver line, and the

straight line between the diffractor and the reeeiFigure 3-1).

Using the Diffraction Generation Code | generatedr fsynthetic seismic shot gathers
based on two different earth models (two shot gatlier each model). Those shot

gathers will be used to evaluate my Mapping & Atteiion Codes (see Chapter 4).
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Figure 3- 1. Cartoon showing the angle

3.2 Model A: Three Diffractors

This model consists of a simple homogeneous antloj@o half space. Using this
model and my Diffraction Generation Code | addedkehnear-surface diffractions at
coordinates (300,0), (500,300) and (800,200) to swathetic shot gathers, that | called
Line-1 and Line-2, acquired on that model assunangurface wave velocity V=1000
m/s. It should be noted here that the units ofxta@d y coordinates are meters. Each line
consists of 101 receivers with a receiver spacint0an. | also added 10% random noise
with normal distribution (zero mean and 0.1 stadddeviation) to the synthetic shot

gathers. Figure 3-2 depicts a plan view of theradffors’ locations, the seismic source,
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and the two receiver lines. Figures 3-3 & 3-4 depimth synthetic shot gathers (Line-1
and Line-2), respectively. The main purpose of flimisple model was to test whether the

Mapping and Attenuation Codes will be able to detew attenuate these near-surface

diffractions.
Ll 1 ! Ll -
: : 5 : Line-1
1000 f------- T CRP PP TERPPPLEPP Line-2 H
' ' ' ' * Seismic Source
L] Diffractor
R e
] oo o e o oo
E
>- 1 1 1 1 1 1
B R s R R
' ' P ' =
. 1
200 e e o e
OF------ * --------------------------- ‘1ﬂ -------------------------------------------- —
lI 1 1 l: 1 1
0 200 400 600 800 1000
X (m)

Figure 3- 2:Plan view of the diffractor locations, the seismiurce, and the 2
receivers lines in Model A.
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3.3 Model B: Three-Clusters of Three Diffractors

This model consists of five homogeneous, isotrapid horizontal layers with velocities
(1800, 2300, 3800, 3400, 4200) m/s at depths o80m, 900, 1,100 and 1,800 m,
respectively (Figure 3-5). Using this model and Diffraction Generation Code | added
three clusters of near-surface diffractions to syothetic shot gathers (Line-1 and Line-
2) acquired on that model assuming a surface waleciy V=900 m/s. Each cluster
consists of three near-surface point diffractorish distances between them varying form
one cluster to another. Table 3-1 lists the loceiof each diffractor in each cluster and
the minimum and maximum distance between eachecldgfractors. Each Line consists
of 201 receivers with a receiver spacing of 10 mgufe 3-6 depicts a plan view of the
diffractor locations, seismic source and the twaeieer lines. Figure 3-7 and 3-8 are the
synthetic shot gathers of Line-1 and Line-2, reipely with the three clusters of
diffractions after adding 10% of normally distribdtrandom noise. The main purpose of
this model was to test the spatial resolution @hdity to differentiate between two
closely spaced diffractors) of the Mapping Code &mdest the ability of Diffractions

Attenuation Code to attenuate closely spaced diifyas.
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Diffractor : : ,
_ L ocation Min. Distance Max. Distance
Cluster |Diffractor Between Between
x (m) y (m) Diffractors (m) Diffractors(m)
1 150 200
a 2 150 210 10.00 22.36
3 170 200
1 800 50
b 2 820 65 25.00 101.12
3 815 150
1 1500 -500
¢ 2 1550 | -400 111.80 206.16
3 1600 -600

Table 3-1: Locations of each diffractor in eachstdn and the minimum and maximum
distance within each cluster of diffractors.
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Figure 3-5: Earth Model B showing five isotropicrizontal layers.
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Figure 3- 6: Plan view of the diffractor locatiotise seismic source, and the two
receive lines of Model B.
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CHAPTER 4

RESULTS & DISCUSSION

4.1 Introduction

The four synthetic seismic shot gathers from the éarth models A & B (introduced in
Chapter 3) were used to test and evaluate the rpaaface of the Mapping and
Attenuation Codes. The Mapping Code is used to Huashot gathers for possible near-
surface diffractors, estimate their locations, give the best estimate of surface wave
velocity. The Attenuation Code is used to attenuhte associated diffractions events.

This chapter summarizes the main results of thests.t

4.2 Mapping Results

4.2.1 Model A

The two synthetic seismic shot gathers (Line-1 kiné-2) from Earth Model A were
used as input to the Mapping Code using three rdiftevelocities for surface waves,

V=1050 m/s, V=1000 m/s (the true model velocityydav=950 m/s with frequency

29
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fsw=15Hz. The Code generated three Semblance Maps for stamthgather, one for

each velocity (Figures 4-1 to 4-6).

Table 4-1 summarizes the results of the six Senckldvlaps. As expected, the best
Semblance Maps for both shot gathers are the asiag the true velocity, V=1000 m/s

(the ones with the highest semblance values, €igt2 and Figure 4- 5).

Mode A Semblance M aps summary
Gsalgt?far Figure Vzalrr(l)/c;)ty (f:g ) gﬂe?nx ng‘e
Value

4-1 1050 15 0.28076
Line-1 4-2 1000 15 0.57154
4-3 950 15 0.26491
_ 4-4 1050 15 0.44271
Line2 M5 1000 15 0.68797
4-6 950 15 0.40648
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Table 4-1: Semblance Maps summary for Model A.

Semblance Map (using surface wave velocity = 1050 m/s ), Max=0.28076

1000 0.18
0.16
800
F 10.14
g r 10.12
o 600
<
= - 101
3
g 400 L do.08

200

0 200 400 600 800 1000
X-Coordinate (m)

Figure 4- 1: Semblance Map for Line-1 of Model Angssurface wave velocity
V=1050 m/s
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Semblance Map (using surface wave velocity = 1000 m/s ), Max=0.57154
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Figure 4- 2: Semblance Map for Line-1 of Model Angssurface wave velocity
V=1000 m/s.
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Semblance Map (using surface wave velocity = 950 m/s ), Max=0.26491
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Figure 4- 3: Semblance Map for Line-1 of Model Angssurface wave velocity
V=950 m/s.
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Semblance Map (using surface wave velocity = 1050 m/s )
Max Semblance=0.44217

£ - 10.25
@
c
£ - 02
o
O
Q
> - 015

0 200 400 600 800 1000
X-Coordinate (m)

Figure 4- 4: Semblance Map for Line-2 of Model Angssurface wave velocity
V=1050 m/s.
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Semblance Map (using surface wave velocity = 1000 m/s ), Max=0.68797
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Figure 4- 5: Semblance Map for Line-2 of Model Angssurface wave velocity
V=1000 m/s.
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Semblance Map (using surface wave velocity = 950 m/s ), Max=0.40648
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Figure 4- 6: Semblance Map for Line-2 of Model Angssurface wave velocity
V=950 m/s.

Concentrating on the Semblance Maps with the highesiblance values for Line-1
and Line-2 (Figure 4-2 and Figure 4-5) the diffaast can be picked. But on Line-1
(Figure 4-2) we note that the Code mapped all ef ttiree diffractors in their right

locations but also with a mirror image around tkis af the receivers line (see

Table 4- 2) while in Line-2 it didn’t mirror imageem (see the zoomed Maps in Figure
4-7 & Figure 4-8). This is because the seismic@®uim Line-1 is in the line of receivers.

In this case whether the diffractor is located @&ov below the receiver line axis, the
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total distance from the source to the diffractod &nom the diffractor to the receiver will
be the same and Equation 2-2 will give the same) T(Xve. This will not happen when
the seismic source is offset from the receiver dsdn the case of Line-2 where we did
not have this ambiguity. So it is better to avosing shot gathers with the source in the
line of receivers or at least to use another lmsupplement it. Table 4-2 summarizes the
findings of using the Mapping Codes on both shahgas (Line-1 and Line-2) of Model
A. It shows that the estimated diffractor locatidrmsn the two shot gathers (in green) are

in full agreement with the true diffractor locat®from the earth model.

Diffractor Mapping Results of Model A
Diffractor
Shot Figure Veocity | fsw Diffractor Tru_e Diffractor Location from
Gather (m/s) |(Hz) Location | Semblance Map (x,y)
(xy)

1 (300,0) | (300, 0)or (180, 240)
Linel | 4-2 1000 | 15 2 (500, 300) | (500, 300) or (540, 220)

3 (800, 200) | (800, 200) or (640, 520)

1 (300,0) (300, 0)
Line2 | 45 1000 | 15 2 (500, 300) (500, 300)

3 (800, 200) (800, 200)

Table 4- 2: Diffraction Mapping Results for Modelu&ing the two shot gathers in
Line-1 and Lin-2.
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Semblance Map (using surface wave velocity = 1000 m/s ), Max=0.57154
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Figure 4- 7: Semblance Map for Line-1 of Model Angssurface wave velocity
V=1000 m/s (zoomed).
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Semblance Map (using surface wave velocity = 1000 m/s ), Max=0.68797
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Figure 4- 8: Semblance Map for Line-2 of Model Angssurface wave velocity
V=1000 m/s (zoomed).

4.2.2 Model B

The two synthetic seismic shot gathers (Line-1 bkimé-2) from Earth Model B were
used as input to the Mapping Code using three rdiftevelocities for surface waves,
V=950 m/s, V=900 m/s (the true model velocity), aWd850 m/s with frequency
fsw=15Hz. The Code again generated three Semblance Mag=abbr shot gather, one
for each velocity (Figures 4-9 to 4-14). Table &8nmarizes the results of the six

Semblance Maps. We can see that the best SemiN&apefor both shot gathers are the
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ones generated using the true velocity, V=900 rifie pnes with the highest value,

Figure 4-10 and Figure 4-13).

Semblance Maps summary for Model B
Gsalgt?far Figure Vzalrr(l)/c:)ty (f:g ) gﬂe?nxtl)mg]e
Value
4-7 950 15 0.40
Line-1 4-8 900 15 0.50
4-9 850 15 0.30
4-10 950 15 0.32
Line-2 4-11 900 15 0.51
4-12 850 15 0.21

Table 4-3: Semblance Maps summary for Model B.
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Semblance Map (using surface wave velocity =950 m/s ), Max= 0.38798
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Figure 4- 9: Semblance Map for Line-1 of Model Bngssurface wave velocity
V=950 m/s.
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Semblance Map (using surface wave velocity =900 m/s ), Max= 0.87038
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Figure 4- 10: Semblance Map for Line-1 of Model 88ng surface wave velocity
V=900 m/s.
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Semblance Map (using surface wave velocity =850 m/s ), Max=0.35372
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Figure 4- 11: Semblance Map for Line-1 of Model $8ng surface wave velocity
V=850 m/s.
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Semblance Map (using surface wave velocity = 950 m/s ), Max= 0.45066
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Figure 4- 12: Semblance Map for Line-2 of Model §ng surface wave velocity
V=950 m/s.



Semblance Map (using surface wave velocity =900 m/s ), Max=0.85373
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Figure 4- 13: Semblance Map for Line-2 of Model $ng surface wave velocity

V=900 m/s.
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Semblance Map (using surface wave velocity = 850 m/s ), Max=0.50102
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Figure 4- 14: Semblance Map for Line-2 of Model $ng surface wave velocity
V=850 m/s.

The Semblance Maps with the highest semblance v&twd ine-1 and Line-2 (Figures
4-10 and 4-13) show that for both lines the Codeped all of the three clusters of
diffractors with a mirror image around the axeshs receivers lines. This ambiguity was
expected from previous results as both lines nove lbeir sources within the receiver
line. However, because we have two different remelines the mirror images of the

diffractor clusters will be in different positionghile the right positions will be common
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in both maps. Utilizing the two Semblance Maps (¢ 4-10 and 4-13) we can pick the

right positions of the diffractor clusters.

To evaluate the performance of the Mapping coderim of spatial resolution we need
to look at the individual diffractors in each claistFor cluster (a), the Mapping Code
could not resolve individual diffractors (even ¢ tshot gathers, they can be hardly seen
as three diffractors, Figure 3- 7 and Figure 3-Tiis is because the separation between
individual diffractors in this cluster (10-22 m,es@able 3-1) is below the expected
wavelength of the surface wave (900 (m/s) + 15 (HB0 m). In this case, the user will
have difficulties to see three distinct diffractors the Semblance Maps (Figure 4- 15 and

Figure 4- 18).

For cluster (b) where the diffractors are from ZB-In apart (the average is almost one
wavelength of surface wave) the Code could resahddvidual diffractors on the
Semblance Maps with minor errors (Figure 4-16 aigufe 4- 19). The Code easily
resolved the diffractors in cluster (c) where tlvegre 111-206 m apart with no errors

(Figure 4- 17 and Figure 4- 20).

The resolving power of the Mapping Code dependsthan distance between the
diffractors; the larger the distance (comparedh durface wave wavelength) the easier
for the code to resolve individual diffractors. T@d- 4 summarizes the findings of using

the Mapping Codes on both shot gathers (Line-1Lamet2) of Model B.
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Model B Diffractor Mapping Results

_ Diffractor I?_l(f;)f;:%(;r
GShOt Figure WEEELY |l Cluster | Diffractor Tru_e from
ather (m/s) (H2) L ocation Semblance
(xy)
Map (x.y)
1 (150, 200)
a 2 (150, 210) (145, 210)
3 (170, 200)
1 (800, 50) (800, 40)
Linel | 4-10 900 15 b 2 (820, 65) (820, 50)
3 (815, 150) (815, 150)
1 (1500, -500) | (1500,-510)
c 2 (1550, -400) | (1550, -390)
3 (1600, -600) | (1600, -600)
1 (150, 200)
a 2 (150, 210) (150, 205)
3 (170, 200)
1 (800, 50) (795, 50)
Line2 | 4-13 900 15 b 2 (820, 65) (820, 70)
3 (815, 150) (820, 150)
1 (1500, -500) | (1500, -500)
c 2 (1550, -400) | (1550, -400)
3 (1600, -600) | (1600, -600)

Table 4- 4. Diffraction Mapping results for ModeluWBing the shot gathers in Line-1
and Line-2
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Semblance Map (using surface wave velocity =900 m/s ), Max=0.87038
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Figure 4- 15: Semblance Map for Line-1 of Modal$ng surface wave velocity
V=900 m/s (zoomed on the common cluster a).
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Semblance Map (using surface wave velocity =900 m/s ), Max= 0.87038
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Figure 4- 16: Semblance Map for Line-1 of Model §8ng surface wave velocity
V=900 m/s (zoomed on the common cluster b).
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Semblance Map (using surface wave velocity =900 m/s ), Max= 0.87038
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Figure 4- 17: Semblance Map for Line-1 of Model $8ng surface wave velocity
V=900 m/s (zoomed on the common cluster c).



Semblance Map (using surface wave velocity =900 m/s ), Max=0.85373
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Figure 4- 18: Semblance Map for Line-2 of Model $ng surface wave velocity

V=900 m/s (zoomed on the common cluster a).



Semblance Map (using surface wave velocity =900 m/s ), Max=0.85373
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Figure 4- 19: Semblance Map for Line-2 of Model $ng surface wave velocity

V=900 m/s (zoomed on the common cluster b).
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Semblance Map (using surface wave velocity =900 m/s ), Max=0.85373
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Figure 4- 20: Semblance Map for Line-2 of Model $ng surface wave velocity
V=900 m/s (zoomed on the common cluster c).

4.3 Attenuation Results

4.3.1 Model A

After the successful mapping of the three diffregton Model A from the two shot
gathers (Line-1 and Line-2), | used the Attenuattoode to attenuate the diffraction

events from the three diffractors on both shot gathThe Code succeeded in estimating
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and attenuating the diffractions on both shotshewten the diffractions have minor

overlap between them. Results are shown on Figu2é #o Figure 4- 26.

The estimation results of single traces insidedifieactor windows are displayed for
two traces of diffractor no.3 of the shot gathemd-iL for Model A (trace no. 75 at the
peak of the diffraction hyperbola on Figure 4- 2l drace no. 20 towards one of the

flanks of the hyperbola on Figure 4- 28).
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Estimated Diffractions Amplitude
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Figure 4- 22: Estimation of the three diffractidram Line-1 of Model A.
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Figure 4- 25: Estimation of the three diffractidram Line-2 of Model A.
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Least Square Estimation of Diffraction Wavelet
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Figure 4- 27: Estimation of Ricker wavelet for &awo.

diffractor no. 3 in Line-1 Model A.
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Least Square Estimation of Diffraction Wavelet
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Figure 4- 28: Estimation of Ricker wavelet for #awo. 20 in the window of
diffractor no. 3 in Line-1 Model A.

4.3.2 Model B

The Mapping Code results from both shot gatheirsell and Line-2) of Model B were
used as input to the Attenuation Code to estimate atenuate the diffraction events
from the three clusters of diffractors. The Codeg@meral did a good job in estimating
and attenuating the diffractions especially forstdus (b & c) where the separations

between the diffractors are reasonably good on slotits (Figure 4-31 and Figure 4- 34).
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Cluster (a) diffractions were the least attenuabetause we picked them as one

diffractor on the semblance maps (due to the sspaitial separation between them).

Re-running the Attenuation Code again on both skots the true locations of the
diffractors in each cluster (the modeled locatipimproved the attenuation of cluster (a)
diffractors -and the diffractors of the other twasters. This shows the importance of the

careful picking of diffraction locations from therablance maps.
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Figure 4- 29: Synthetic shot gather from Line-IMudel B.
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Estimated Diffractions
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Figure 4- 30: Estimation of the three diffractiarigsters from Line-1 of Model B. Note
that cluster (a) is picked as one diffractor (sabl& 4- 4).
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Figure 4-32: Synthetic shot gather from Line-2 aidél B.
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Figure 4- 33: Estimation of the three diffractiarigsters from Line-2 of Model B.
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Figure 4- 35: Shot gather (Line-1 of Model B) aféeibtracting the estimated

diffraction events using the true diffractor locaus.
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Figure 4- 36: Shot gather (Line-2 of Model B) aféeibtracting the estimated
diffraction events using the true diffractor locaus.
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CHAPTER 5

CONCLUSIONS & RECOMMENDATIONS

5.1 Conclusions

Data driven processing algorithms to map near-sarthffractors of surface waves and
attenuate their diffracted energy in seismic shathers were presented. The mapping
algorithm is based on the time-offset (T-X) relatiof side-scattered surface waves from
near-surface diffractors and the semblance measmenThe attenuation algorithm
employs least mean square estimation of the difthwavelet and subtracts it from the

original data.

The algorithms have been applied successfully arthsyic data from two different
models. In spite of the robustness of the algoritiwinen they were tested on synthetic

data, tests on real data would be needed to cotffienstrength of the method.

Although the algorithms are dealing with 2D shathgas, the robustness of the method
will be revealed even better when it is applied3@ndata. This is because we only need

to extract few 2D lines from the 3D data scattevgdr the surveyed area and use the
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mapping algorithm on those few lines to identifynfidently the locations of the near-
surface diffractors in the area. Then we use tkenaation algorithm to attenuate the

mapped diffractors

5.2 Recommendations

Following are some recommendations and suggestionsnore investigation and

further development of the method:

1- To improve the attenuation of closely spaced ditstes whose energy are
interfering on shot gathers, better estimation we@shneed to be investigated

such as simultaneous estimation of the interfediffgactions.

2- The frequency of the diffracted surface wave ismaportant parameter in the

algorithms, especially in attenuation and needetgdrefully estimated.

3- To minimize the ambiguity of having mirror image psa shot gathers with

seismic source located within the line of receiva@rsuld be avoided if possible.
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