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Abstract

Bigstone 3C3D was acquired in 2014 near Fox Creek, Alberta. The total volume acquired is 200
sq. km. A portiorof approximately 44 sq.knof the total volume is selected and processed for PP
and PS data from geometry to post stack time migratnmtuding registering the events offP

and RS dataHowever, near surface is generally challenging for #&data a it is hard to pick

first breaks. That is also related to velocity analysis as statics and velocity are dependent to each
other.

In order to overcome this obstacle, we did further investigation to the near surface and used well
data with Pwave velocitiego give an optimum processeeS_data.

In addition, we investigated the binning ePPand PS synthetic data based on a nearby well to

test the binning effect on some seismic attributes such as fold, azimuth distribution, offset

distribution, etc.
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Chapter One: Introduction

1.1 Introduction

Converted shear wav¢B-S) is the case where P watravels downwar@nd the S wave
reflectsupward This leads to having a different asymmetric ray path geometry compared to the
commonsymmetric P waveeflection pointsBecause the reflection angle of the converted wave
is smaller than the incidence anglee reflectioncloser to the receiver than P wave reflection
point . Thi s geomet ry ves begause eehave asynsmeted réflécson | a w.
points coming from different offsets, amplitudes differ from one reflection point to another. That
is why there is another aspect we should take in account when dealingSwitla¥e propagation,
which is the amyiiude variation with offset described by Zoeppritz equati®ewartet al 2002).

P-S wave processing is important for couple of reasociiding creating a correct and
clear 3Ddepth image is not attainable in some cases using Psvedwee especially when two
layers have similar P wave properties, making afeflectivity interface(Stewartet al 2002)

Here might be a higher-8ave contrast between the two layers tfiatds a higher reflectivity
interface. Also, 5 acquisitionis cheaper than-S for example because 5 listening times in
recording are much longer thanS? which makes it costly. Lastly, the reason why a lot of
researcherare showing interests in -B surveys is because 3 surveys now are gively

inexpensive, broadly applicable and effeciivebtainng S-wave information.

When it comes to acquisition, the asymmetrical geometry-8f@Popagation leads to

illumination differencesin the subsurface than what is expected in the P waveSlataqrtet al



2002) This should be taken into accoumtaddition toother factors like the effect of anisotropy,
crooked lines, etcAlso, 3C geophones areequired Yet the ecording of land and marine
multicomponent data still constrained by some factors such as the short supply of some of the
equipment.

Data processing ialso animportant step when dealing withS data because there are
many factors, methods, approached aolutions to consider, starting from geometry all the way
to migratonFor exampl e, one of the methods wused bef
where the whole trace is put at the location defined by a reflector depth that is large compared to
the sourceeceiver offset(Lawton, 1993) Other issues are the staticcorrections Large and
variable statics have an undesirable effect on PS data, causing attenuation which is a limitation of
surface PS analysisFor P and S event separation, filteringethods such ask filtering and
matchfilters are usedo remove PS reflections from the vertical geophone data. For NMO
analysis, a shifted hyperbola was introduced to correct the offset-timeehccurately. This
method suggests including a fourth order term in the moveout equation. After NMO, comes
another important step which is the Fresnel zone (averaging aperture) that decidesSvbata P
to be migratedStewartet al 2002) All show the importance of thegressing stage in every step,
or every parameter, can lead to a big difference in frequency content, amplitude, coherence or

event location

1.2 Thesis objectives

The main goal of this thesigasto process a portion aflarge 3C 3Rlata seand to show

the value of multicomponent seismic data for subsurface imaging and rock prdiperieth R
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P and PS dataThesedata can also be use foicro seismic focal depth investigation in the area.
This was accomplished by the following tasks:
1 Constructing a surface consistent workflow to process tHe Wave data to
migration, and a workflow for 5 wave data that imageéhe surface as accurately as

possible This workflow preserves the amplitudes and frequency content of the data.

1 Evaluating thesurvey design and acquisition parameters of 3C 3D Bigstone.
1 Investigating the shallow data of the radial componient detailed velocity
analysis

1 Registering event® the RS data with FP data.
1 Testing the optimum binning for-8 synthetic data to undgand the fold

distribution, illumination and other attributes.

1.3 Thesis structure

The structure of thesis includes chapters. The first chapter gives a brief introduction of
multicomponent seismic surveys and data. In addition, it goes through tbénli@snation of the
data used in this project. The second chapter explains the theory of each step used in processing
both RP and PS data. The third chapter covers the evaluation of different seismic attributes such
as fold and illumination of synthetie-P and PS data using varying acquisition and binning
parameters. The fourth chapter walks us through {RedBta processing and showing examples
of shot gathers and stacks before and after each stefiftiitahapter covers the processing ef P
S datawith the emphasize on the steps that are different fréfnpRocessing workflow. Finally

the sixth chapterprovidesthe conclusions of this project.
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1.4 Data

The original size of the Bigstone 3C 3Drveyis approximately 200 sq.km@s show in
the schematic survey map in Figurd. It is located in Alberta, but the exact study location is
confidential. Onlya smaller segment of the full area is selected fothieisis The segmented area
is approximately 44 sqg.k@s shown in the geometnyap in Figure 1.2and it was selected based
on several reasons; there is a nearby well that will help during some of the processing steps such
as velocity analysis. Also, a lot of interpretation work has alrém@ynundertakerin the same
areaby (Weir et al, 2018)Moreover, the area has micro seismic activity that could be incorporated

in theoutputof this project.

26KM —————»

®  BIGSTONE 3D3C

38 Km

Figurel.1: Bigstone 3C 3D schematic project map, the shaded area is the sateefed this
thesis



1.5 Acquisition Parameters

Tablel.1: GeneraAcquisition Parameters fdhe 3C 3D Bigstone survey

Survey Type Orthogonal
Surface Area 44 Sq.Km
Widest Survey E-W 8 Km
Widest Survey N-S 5.5 Km

Bin Size 30 mx30m

Table 1.2: Recording Parameters for 3C 3D Bigstone survey

Sample Rate 1ms
Record Length 5 seconds
Low Cut Filter 3 Hz

High Cut Filter 400 Hz

Geophone Type

Accelerometer

Table 1.3: Receiver Parametérs 3C 3D Bigstone survey

Direction N-S
Group Interval 60 m
Receiver Line Interval 360 m
Number of Receiver Lines 23

Table 1.4: Source Parametéos 3C 3D Bigstone survey

Direction E-W
Type Dynamite
Hole Depth 12m
Charge Size 3 kg
Source Interval 60 m
Source Line Interval 420 m
Number of Source Lines 12




1.6 Well Data

There is one well located in the south of theserarea. The well data available from
this well arecaliper, density sonic and gamma ray logs.

1.7 Software

Promax SeisSpace was used to proces8Gh8D data set. For the optimum binning test
for the RS synthetic data, SYNGRAM was used to create synthetic gathers from well log data and
PS Design was used to simulat&SRurveys and to study the seismic attributes. Finally, VISTA
was used to condition the data including segmenting it and editing its hemutti@Eso used to
create ACPand CCPstacks. Finally, TomoPlus was used to calculate statics for the vertical

component data using first break picks.

® Shots

== Receivers

1 Km

Figure 1.2: Shot and receivendis for the selected area of the data

Following is a detailed list of software used in this thesis:
VISTA2D/3D®: Schlumberger seismic processing softwBiROMAX SeisSpace 3D

Halliburton seismic processing softwa8/NGRAM, PS DesigrandTomoPlus



Chapter Two: BACKGROUND
2.1 Multicomponent Data

Since the 190s, multicomponent seismic methods have hessdin practice andor
improving explorationin the oil and gas industry. That is due to the contribution of dedicated
researchers at universities and oil companies, and the investigations are still going for the
multicomponent methods including the type of the receivers and other acquisitiomergisy
processing techniques and data interpretation. It is now widely acknowledged by the industry that
multicomponent seismic method has been a fruitful tool that utilizes thavg, beside the
conventional Rvave, to understand the subsurface beXer 2011)

If we are to define the multicomponent seisrdatg it is the method that records the
vibrational energyn three orthogonal componentsing unconventional instruments. On land,
these instruments are usually geophones with three orthogonahndetiectors that is different
from the conventional single motiofvertical) sensor geophone. These thoeenponent
geophones detect the vertical particle movement and two orthogonal horizontal particle movement

caused by the travel of acoustic and etastavesn the subsurfacexu, 2011).

2.2 Advantages of Multicomponent Data

If we have PS reflection data, what benefits can it offer? How to use it to improve the
quality of our processing and interpretation methods? Multicomponent sumasgs shown
advanages overconventional surveys in seismic imaging, lithology identification, anisotropy

analysis, fluid description examples and reservoir monitoring sut&gwartet al 200).



A very common case in imaging thd@monstratethe advantage of-B imagesover R
waveimagesis for gas chimneys anigaturesbelow them. P wavdata arevery sensitive to gas
saturation making high frequenciatenuateand their energy dissipa(Stewartet al 20(8B). S
waves are less sensitive toock saturantsandcan penetrate through gas saturated sediments
without losing energyo scattering Stewartet al 20(). This leadgo a better imagd section of
the structural reservoir locatedthin or belowgas chimneys.

The difference in resolutiobetween the image of steeply dipping feature in the migrated
P-wave section and the migratedSPwave section is less clear, yet an improvement in imaging
still could be noticed in the-B sectior{Stewartet al 20@). The reason behind that could batth
structurally complicated areas have high velocity layers in the near surface causing both P and S
energy to propagate at angles far from ver{i§atwartet al 20@). This may cause both enarg
to be recorded on both vertical and radial channelless better separation methods are used.

Anotherexample of PS imaging benefits aia the near surfac&urveyshaveshown more
highly resolved reflectors in the near surface e@ Bections than oR sectiongStewartet al
20@). That could be caused by many factors such as: greater relative changes in S velocity than P
velocity, the greater impact of density change ehréflectivity,andS-wave have lower velocities
andhave shorter wavelengtthan Pwaves with the same frequen@&tewartet al 200B).

An important application of 5 data idor lithology identification(Stewartet al 20@). P-
wavedataaregoodfor imagng structures. But when it comes to identify the type of rocks and
fluids in the section, P data are limited in these regards,-Butl&a add an important parameter
that allows us to do some analysis to help us identify lithologmesduding Vp/Vs which is agood

indicator of rock typgStewartet al 20(B).



All these applications show how every piece of information is important to process the
seismicdata, provide a correct image in the subsurface and interpret it. What makes converted
wave seismic very beneficial is that we can deal with it as a separate data, process them, draw
attributes from them and interpret them. Then we can do many comparisons and correlations with
P-wave data. See where they agree and where they. difter, every one of those experiments
help us understand the subsurface in terms of composition, structure and processes and help us

provide better images and draw more information from the subsurface.

2.3 Processing of Multicomponent Data

In this thesis, the procesg of the Pwave data followed the conventional processing flow.
However, for processing the converte® ata additional steps are required such as data rotation,

near surface correction and velocity analysis.

2.3.1Rotating horizontal components

3C 3Dseismic surveys record reflections of the vertical component and two orthogonal
horizontal components namely ldhd H2as seen in Figure 2.1. These components are referenced
to the sourceeceiver plane. Due to the sousral receiver geometry in the 3D survey, geophones
record data from different sourceceiver azimuths. Therefore, a rotation of the data to the source
receiver plane and the orthogonal plane must be made to acquire the radial and the transverse
componentsiespectively.

I n order to obtain the radi albetweendthetHl ansve

component azimuth and the soureeeiver azimutimustbe known. That could be accomplished
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manually through the hodogram analysis or autaraly by sorting the data into receiver and
selecting some offsets where there is a good first break. Then the radial and transverse components

areobtainedfrom equation2.1 and 2.2

Y Onéi (¢OEI (2.1)

Y i Q¢ (¢ AT O (2.2)

receiver

rotated transverse )
rotated radial

recorded H1

recorded H2

Figure2.1: Rotation of H1 and H2 components into radial and transverse components

2.3.2Binning

For Rwave data, the binning process is completed using conventional midpoint binning to
create th&€MP grid for the survey. Howeveigr P-S wave the conversion ofWavesto Swaves
results inthe travel patlbeingasymmetric for flat reflecrs as shown in Figure 2.%hich rules
out the standard common midpoint binning used faraves dataThe raypaths of the converted
waves are asymmetric and the reflection points in the subsurface are always closer to the receiver

than the midpointDifferent techniques are required to stack such data where common conversion
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point (CCP) is considered instead of common -putht (CMP) in the conventional surveys
(Lawton, 1993). TheCommon Conversion PoinCCP techniques could be asymptotic (Behle
and Ddr, 1985; Fromm et al., 19853ingle Depth (Tessmer and Behle, 1988; Tessmer et al.,
1990), on depthvariant CCP mapping (Eaton et,al990; Stewart, 1991), and converedve
DMO (Harrison, 1992)In this paper we will onlgonsider both the asymptotic and depémniant

binning methods

SOURCE 3-C RECEIVER

Mode-conversion

Midpoint points
Asymptotic Conversion point
approximation trajectory

Figure 2.2: PS raypaths, conversion points and asymptotic approximgdicmafer, 1992)

2.3.3Near surface correction

It is knownfor P-wave data processing that the near surface causes ardehag, which
could be dealt with by the different static correction methods (Saul, 2017). MoreavaveS are

slower than Rvaves, and fluids do not have any effect ew&epropagationFor these reasons,

11



the effect of near surface layer on convemade data is more serious and correcting it is more
critical.

The tomgraphy static approach for the vertical componevds developed usinthe
following workflow: picking first breaks, examining traveltimes and removing bad picks, building
1D velocity model following 3D surface topography, imaging 3D near surface using refraction
tomography to output a velocity layer modagwingthevelocity model and picking intermediate
and floating datums, calculating longnd shorwavelength statics, exporting ASCII static file,

updating trace headers with new static values and finally applying static corrections.

For the PS data,we used the same source static values calculated from the vertical
component. However, the receiver static correction is very different and the converted reflection
raypath differs from the vertical one due to the change of the location cbiiversionpoint in
the subsurface. To calculate the receiver static correction for the radial component, we first create
receiver stacks after NMO correction. The static effect®-@hdata could be large due to the
complex and variable shear wave velocities (Gunr20d.4). Then, the receiver static correction
followed afour-step workflow: pick horizons on the receiver stack, smooth horizons, subtract
original horizons from smoothed ones, apply the difference as receiver static values (Gunning,

2014).

2.3.4Noise attenuton
A radial trace filter was applied to the data because it works efficiently on coherent noise

in 3D data without the need for data regularization (Henley, 2007). Figure 2.3 shows the coherent
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noise generated in a typical 3D survey, and how the noisefmats would look if they were
recorded on receiver lines from a far offset shot. Only the receiver line that indicates the shot
location will have traces uniformly distributed while other receiver lines will show traces
distributed hyperbolically (Henje 2007).

The method used to organize the traces to detect the coherent noise in this workflow is to
order the traces by increasing absolute setgceiver offset. Figure 2.4 shows a possible way to
do that within a narrow angular segment. In practice, the oftsmt header must be modifieto
increasing sourceeceiver offset. That means a normal split shot gather with negative offsets in
one side and positive ones on the other, instead of the normal offset where it decreases until it
reaches the receiver lirosest to the shot then starts to increase again, as shown in Figure 2.5

(Henley, 2007).

«—Deceiver lines Source-generated
(a) ; noise wavefronts

Receiver
positions

(b)/\/\/_\/—-\

Receiver ling 1 Receiver line 2 Receiver line 3 Receiver line 4

Figure 2.3: (a) Coherent noise wavefronts and their relationship to the 3D seismic geometry. (b)
Wavefront arrival times as a functionreiceiver lines (from Henley, 20Q7)
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ceiver lines Source-generated
noise wavefronts
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Receiver
positions

Segment 1

Segment 2

Figure 2.4: Schematic showing a possible way to gather traces for coherent noise atéenuation
sorted by ascending offset within a narrow angular segment (Henley, 2007)

Noise must be removed before the deconvolutiep g order to not let noise interfere
with theprocess otompressing the wavelet time. The noise attenuation workflow used for this
step is: surface wave attenuation, coherent noise attenuation and finally bandpass filter.

Surface wave attaration performs a frequency dependent mix of adjacent trih@esild
be applied on shalomain or receiver domain because this method operates on the frequency
space domainThe number of traces to mix at each frequency is calculated by eq@adion

(Praviax, 1997)

5D o (2.3)
Yo '

Where is the velocity. Qs frequency andois the trace spacingréquency components
higher than theut-off frequency remain unchanged. Lastly, data are transformed back to the time

space domain.
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Figure 2.5: (a) Raw shot gather before and (b) after modifying offset trace headers

Coherent noise attenuation also operates ofregqeencyspace domain. The noise should
be characterized by a band of energy in tkedbmain, by pairs of velocity and frequency. This
process targets source noise generated and linear noise.

Finally, bandpass filtewvas appliedo remove the low frequey noise.

2.3.5Deconvolution

Deconvolution is th@rocess to increase the temporal resolution by removing the seismic
wavelet from the seismic trad®’ilmaz, 2001) As a result, multiples are attenuated dne
amplitudespectrum isbetterbalanced(Isaac,199%). There are several deconvolution methods

(spiking, predictive, etc.) which assurtiat the wavelet is invariant in time where the effects of
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attenuation and frequency and amplitude variation are not considered (Margrave and Lamoureux,
2002). Deconvoluton used in this processing workflow is minimum phase predictive
deconvolution that compresses the basic wavelet and attesbatéperiod multiples. To yield
optimum results, a geometric spreading compensation is applied to recover the amplitude loss due
to spherical divergence. Moreover, exponential gain is applied to compensate for spherical

divergence antransmission lossd¥ilmaz, 2001).

2.3.6Velocity analysis

Stacking velocities are interpreted following the procedure of comparing a sestiaskeafd
traces in which a range of velocities were applied to correct for normal moveout (NMO). The
typical practice involves picking a velocity in a panel as a function of time to properly correct pre
stack data. The correction removes the time delayedabg the separation of the source and

receiver on the surface.

2.3.7Residual statics

Residual static correctigrare necessary to remove the residual reaface traveltime
delays caused by the result of varying velocity or/and varying of the depth ofdlieeveg layer.
Source and receiver residual statics are computed using the Maximum Power Autostatics. 3D
Maximum Power Autostatics method builds an initial pilot trace model from different time gates
of surrounding traces for each CDIhese pilot traces are formed by flattening all traces along the
autostatic horizon over the number of CDPs indicated in the autostatic horizon. Then, all these

traces are summed to form a pilot trace. After that, trace from a specific CDP is subtranted fro
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the pilot trace and that forms a new pilot trace which leads to forming -gehiér trace. We sum
again but this time the shiftower trace and similar other ones having the same receiver and again
with those having the same source. This processeateg for all traces in the active CDFRaghua

and Claerbout,1995

2.3.8Post stack time migration

The migration process used in this project is a-ptastk time migration using explicit
finite-difference thatmages dipsup to 70 degrees dip, whichnsore hanenough for this data.
Prestack time migration was not used due to limited processing resources. In addition, there are
no complex subsurface structures in the chosen area for this thesis.

This process goes through the following steps: Fowrgrsform data to frequency and
transpose to horizon slices, generate gridded velocity from an interval velocity versus time

functions and finally migrate extrapolation of frequency slices.
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Chapter Three: EVALUATION OF 3C 3D SURVEY DESIGN OFP-P AND P-SBINNING

3.1 Introduction

A synthetic seismogram is usually used to correlate seismic and well data and it is
generated by using sonic and density logs to daeestic impedance sectiofsom hese data
we can compute reflection coefficients at eachriate between contrasting velocities.

From equatior8.1, we know the other parameter needed is the wavelet:

YO 00710 (3.1)

Where™VYis synthetic seismograrhjs convolutionp is the wavelet andis the reflectivity
time series. The wavelet is the link between synthetic traces and the geology (reflection
coefficients) that is being interpretedn this case, we havepVVs and density logs with tops
picked on thenindicating our area of intere€dur target iDuvernayFormationwhich is around
3400m deep We create @ offsetsynthetic seismogram that gs/& strong interpretable response
at that depth level considering the following parameters and phenomena: wavelet, maximum
useable offset, NM@tretch and distortions, amplitude/phase issues as approaching critical angle
andmaximumoffset to depth ratio.In this chapter, we will determine the maximum usable offset
for the 3C 3D dataset. Then we will implement that, with the optimum bintsizgaluate survey

design for both AP and PS data.
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3.2 Syntheticdata

To generate syntheticseismograms,CREWES SYNGRAM software was used.
SYNGRAM creates primaries only synthetic seismogramsferaad PS reflectiongThurston,
1990. The synthetic semograms are trace gathers for a horizontally layered earth and show the
variation of amplitude with offset as well as the stacked response. The reflection amplitudes, and
optional transmission losses, are calculated from the Zoeppritz equations (norappooyiand
are therefore appropriate for plawave incidencgRichards and Aki, 1980)Traveltimes and

incidence angles are calculated by ray tracing.

SYNGRAM requires the input of-®ave soniqand Swave sonic if availableand bulk
densityin addition to the waveleSome of the logs provided to SYNGRAM are shown in Figure
3.1.The layered earth modsl provided to SYNGRAM in a consistent set of uniten Swave
log is not available, theim order to create-&ave sonic log, the software asswgivg/Vsto bea
userdefined value (typically 2However, the WVsratio used here is 2.01 accordingotevious

work by (Weir, 2018)in the general area of interest, and are summarized in tdble 3.
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Figure 3.1: Well logs from left to right: sonic interval transit time, gamma ray, delta transit time
and bulk densityThe annotated part is the area of interest

Table 3.11Interval and surfaceo-depth Vp/Vs ratios. The row in blue are the measur&dimes,
the column in green are the measurdd fimes. Vp/Vs at the depth of interest SWH is 2.01 (Weir
et al., 2018)

Ve/Vs | 2WS Doe Wab. Ireton Swan | Gill ~Prec | PP
Creek Hills time
(ms)

Colo 2.15 1.99 2.15 2.09 2.05 2.07 2.18 971

2WS 1.991 | 2.09 1.88 1.86 1.981 |2.02 2.156 [ 1253

Wab. |2.148 | 1.88 2.03 1.80 1.78 1.94 2.06 1766

Ireton | 2.088 | 1.88 1.80 2.03 1.814 | 2.09 2.06 1933

SWH |2.050 | 1.981 1.87 1.814 | 2.01 2411 218 2000

Gill. 2073 2017 |[1.93 2.09 2411 | 2.02 2.02 2068

~Prec. | 2.179 |2.02 2.06 2.06 2.18 2.02 2.02 2151

‘

For the wavelet, SYNGRAM allowthe userto create different types of wavelets. The

waveletsused here are bandpass wavelets f&r &d PS datawith parameters shown irigure
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3.2 Both wavelets were designed based on the analysi®ai®l PS from thefield survey. The

wavelets designed are shown in Figure 3.3.

Wavelet Type: Constant Phase v Wavelet Type: Constant Phase v
Amplitude Spectrum: Bandpass v Amplitude Spectrum: Bandpass v
Bandpass parms (f1 f2 f3 f4 in Hz): 510 50 60 Bandpass parms (f1 f2 f3 f4 in Hz): 4820286
Constant Phase (degrees): 0.0 Constant Phase (degrees): 0.0
Wavelet length (seconds): 2 Wavelet length (seconds): 2
Sample rate (seconds): 0.002 Sample rate (seconds): 002
Wavelet Name: | Wavelet Name:
Done Cancel Done Cancel
(@) (b)

Figure 3.2: (a) Parameters foiPand (b) for IS waveletsn SYNGRAM

Using both log data and constructing the appropriate wavelets, SYNGRAM convolves the
time reflectivity ®ries generated frothe well logs with the wavelets to generate synthetic offset
gathers and stacks for botFPPand PS. The maximum available offset from the real data survey
is approximately 6200 m. To include all of these offsets, the maximum-dép#t ratio is set to
be 2 for SYNGRAM analysis. Initial-P and PS seismograms generated are shown in Figure 3.4.
The interval of interest is between depths of 3350 to 3450 m, which is between Devonian

Woodbend and Duvernay formations.
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3.3 Synthetic datasetanalysis

.08
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250

250

Figure 3.3:Constructing vaveles in SYNGRAM. Characteristics oP-P (green) and 3
(yellow) overlapped

Changing the maximum offseepth ratio allows us to mute distorted traces at far offsets.

in Figure 3.5 are 1.3 and 1.5 foifPand PS, respectively.

So, the offsetlepth ratio work@s a mute function excluding uninterpretable traces. Ratios used

Analyzing both synthetic seismograms, stratcbbserved in some traces at certain large

and Figure 3.6vhich show the stack response of these gathers.
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offsets and depths. That will help us decide on the maximum useable offsets when we design our
P-P and PS surveys. Our target is at 3408430 m deep. Traces at that depth are distorted around

4500 m and 5500 mffsetsso we mutedeyondthat offset at that deptls shown in Figure 3.5



CREWES: SYNGRAM P-P and P-S synthetic seismogram facility

(@)
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CREWES: SYNGRAM P-P and P-S synthetic seismogram facility
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Figure 3.4:Generating Synthetic shot gathers in SYNGRA®S). Synthetic offset gathers forHP
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and (b) for PS. Vs log was generated based onrgti® Vp/Vs

to be 2(amplitudes were scaled in both seismograms)



(a) CREWES: SYNGRAM P-P and P-S synthetic seismogram facility

Logs: CDN SUP BIGSTONE 10-7-62-22
Wavelet: Bil 2 P-P CMP gather, with NMO d. C show incid angle
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(b) CREWES: SYNGRAM P-P and P-S synthetic seismogram facility
Logs: CDN SUP BIGSTONE 10-7-62-22
Wavelet: Bigstone2 P-S CMP gather, with NMO d. C show angle
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Figure 3.5: (a) FP synthetic offset gathers after muting distorted traces and3tsyRthetic offset
gathers after muting distorted traces. Maximum useable offsetsRarfl PS are 4500 ms and
5500 m, respectively.
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Figure 3.6: Stackesponse for both (a)P and (b) PS synthetic datgenerated in SYNGRAM

3.4 PS Desigranalysis

PS Design software allows conventional CMP binning f& &ata and two types of®
survey design; asymptotic and depth specific. In this part, we will compdrevaluate the fold

and azimuth for AP, RS asymptotic and depth specific, with and withanibptimum bin size.

3.4.1P-P design

The sourceeceiver geometry in Figure 3.7a is designed to approximate the same
acquisition parameters of the real data, as shavAgure 3.7b. After designing the geometry as
shown in Figure 3.8, calculating the bin size from the acquisition parameters (30 x 30 m) and
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estimating the maximum useable offset from the synthetic seismograms, we evaluate the fold,

offset range, offsadistribution and azimuth distribution maps, shown in Figure 3.9.
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Figure 3.7:(a) Source receiver geometry in PS Design and (b) the shot receiver geometry for the
real data

ENTER SHOT GEOMETRY FOR TEMPLATE #1 ENTER REC GEOM FOR TEMPLATE # 1
PATTERM #)1 PATTERN # 11

Shot line spacing Receiver line spacing
Shot spacing £0.000 Receiver spacing 60.000
Mininum easting (m) Minimum easting (m) w
Maximum easting (m] Maximum easting (m] 8000.0
Minimum northing (m) Minimum noithing [m) 0.0000
Maximum noithing (m) Mawimum northing [m) 5000.0

Seed shot easting (m) Seed receiver easting [m]

1 1113

Seed shot northing (m) Seed receiver northing

i

Azimuth of shot lines Azimuth of receiver lines
0 < azimuth < 180 deg [0 < azimuth < 180 deg.]

Cancel Cancel
(@) (b)

E

Figure 3.8: (a) Shot and (b) receiver parameters used to design the geometry
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LEGEND MC WORKSHOP ORTHOGONAL CENTRED OFFSETDISTRIBUTION QUALITY
(C) Mode PP LAND
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Figure 3.9: PP maps: (ajold, (b) offset range, (c) offset distribution and (d) azimuth distribution
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The maps irFigure3.9, show a good distribution of attributes for the highl parts of the
whole survey. That is expected as the surveytisogonaland the grid is binned bad on CMP
conventional gridding. Further analysis is done by zooming to the middle of the survey, as in

Figure3.1Q and evaluating the azimuth vs fold and offset vs fold for a single bin as an example.

LEGEND MC WORKSHOP ORTHOGONAL CENTRED FOLD
(a) Mode P-P LAND | 2930.9 BIN DATA
Binning. MP Fold:
Bins: 300 x 300 Min offset:
Max offset
Vp/Vs: 20

X coord
Selected offsets

00 to 45000

Y coord

2826.2-

Target depth NA
Water depth NA
Selected azimuths

700 1o 3600

42 105 169 232 296 360
Azimuth vs fold

Max fold 111] 272147
Max offset: 4500.0

7101657 2605 3552 4500
2616.71 Offsetvs fold

2512.0+

2407.3 ! - - - - ]
3586.9 3719.3 3851.7 3984.2 41166 42491  Zoomwindow

(b) FoOBI I T e
c', " : Fold
o
a 13 36 54

Azimuth

150

1004

504

o :
0 500 1000 1500 2000 2500 3000 3500 4000 4500
Offset

Figure 3.10: (a) Azimuth vs fold quite consistent for a single bin in the middle of the survey.
More traces from far offsets are contributing to a bin in the middle of the survey. (b) A uniform
distribution between azimuth and offset
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3.4.2P-S design (Asymptotic)

P-S Design offers two typesf surveydesignfor P-S data. The first one is the3
asymptotic and the second one i§ Blepth specific. In this part, we will do the same steps as in
P-P design but for 5 asymptotic surveysing the same binninglowever we changed theffset
parameterthis time to 5500 m based on the analysis completed in SYNGRAMIdition,Vp/Vs
= 2.0 is provided to the software to calculate the conversion paiit{at the depth of interest is
2.01, but PS Design accepts onlye significanfigure). It calculates conversion paiiccording
to equatiorB8.2

WnN ———
n 0 wion (3.2)
Where fjis the offset from the source to the conversion pains the total sourcéo-
receiver offset, and ifw ris the sheato-compressional wave velocity ratio in the area. This
method is not depth variant. Therefore, it requires only a simple calculation for eacbcsnatr

for the conversion point to bégged in the asymptotic location in the subsurface.

In the next step, | am going to show the effect of the asymtiotneng for P-S wave and

how rebinning with ACP helps to solve the problems arise with that.

Observing the attributes for this¥?desgn as we did in the previous one, we notice an
increase in the fold shown in Figure 3.11a. However, irregularities are clearly shown in the middle

of the survey (the area of nominal fold) and theyadnrgerved foall attributes.
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LEGEND MC WORKSHOP ORTHOGONAL CENTRED OFFSETDISTRIBUTION QUALITY

(C) Mode' P-S
Binning: ACP
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Figure 3.11: FS asymptotic maps: (a) fold, (b) offset range, (c) offset distribution and (d) azimuth
distribution
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The irregularities in the fold could be better observed in the illumination pleigure
3.12. lllumination plot is fold mapped to neighboring bins in the case when reflection points are

not bincentered. For other attributes, we evaluated the azimdtiidsand offset vs fold plots in

Figure3.13
LEGEND MC WORKSHOP ORTHOGONAL CENTRED ILLUMINA TION
Mode: P-5
Binning: ACP 7 i
Bins: 300 x 300
Vps: 20 4500
Selected offsets:

00 to 5500.0
Targetdepth:  NA| 4000
Water depth: N/A
Selecledazimuths: | 3500

00 to 3800

Max fold: 21g| 3000
Max offset 54997

Interpolation: linear

2500+

2000+
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=
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Figure 3.12: PS asymptotic survey illumination map. Irregularities in the fold is clearly shown in
the middle of the survey

One way to fix the issue of irregularities irRSPsurveys is to changeetijeometryfrom
orthogonal to slanted shot lines. However, that is not an option in this case as the real survey is
already conducted as orthogonal. But, we cdnimghe survey to optimum bin size using equation
3.3 (Lawton, 1993):

v o Wi
YoOw YiTp o (3.3)

Where,Y& cs ACP spacing anili is the offset between two adjacent receivers.
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LEGEND MC WORKSHOP ORTHOGONAL CENTRED FOLD
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Figure 3.13: (a) From the zoomed in fold map, fold varies between neighboring bins. Also, a lot

of bins have many traces comifigm far offsets onlyas a result of coarse line spaci(ig) A less
uniform distribution between azimuth and offset compared tofRes&rvey design
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