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AGC : Automatic Gain Control.

AVA : Amplitude Versus Angle.

AVO :Amplitude Versus Offset.
CDP: Common Depth Point.

CIG : Common Image Gather.

CDS : Common Diffraction Surface.
CMP :Common-Mid-Point.

CRP: Common Reflection Point.
CRS: Common Reflection Surface.
DMO : Dip Move-Out.

FO-CDS : Finite Offset- Common Diffraction Surface.
MZO : Migration to Zero-Offset.

NIP : Normal Incidence Point.

NMO: Normal Move-Out.

PFZ : Project Fresnel Zone.
PostSDM: Post-Stack Depth Migration.
PreSDM: Pre-Stack Depth Migration.
PSPM : Prestack Partial Migration.
S/N: Signal to Noise ratio.

ZO : Zero Offset.
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'Elastic
2Acoustic
3Source
*Vibrator
>Air gun
®Impedance
"Geophone
8Hydrophone
°Record
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! Common-shot(CS)
2Common Shot gather
*Midpoint

*Half-offset
>Common-midpoint(CMP)
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'Normal moveout

%Reflection point dispersal
®Dip-moveout

*Common reflection point(CRP)
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2Common Reflection Point(CRP) trajectory
3Common reflection surface(CRS)
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*Transport

®paraxial ray tracing
*Geometrical spreading factor
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// Loop over all traveltimes in target trace
for (j=0; J<Tns; Jj++) {

t = Ttmin + Tdt*float (j);
t2 = t*t;
stack = 0.f;

MCtraces = MCG->ProvCRSarray (t);

// Define default output samples
CDSstack->trace[]j] = 0.f;

// Any traces in aperture?
if (MCG->first) {

// my modify L1177 7777777777777 77777777
hmax2 = MCG->aper->offrange2;

float L = hmax2 / 8.f;
float min = 0.f;
float hmax;
float suml =
float sum2 =
float kl1;
float k2;
for (int i=0;i<8;i++) {
hmax = min + L;
hmax2 = hmax;
min = hmax;

0.f;
0.f;

// Provide minimum stacking velocity
if (ref) vmin = Refvel->GetSample(t);

// define the offset and xrange

//////1////////move to up ///////hmax2 = MCG->aper->offrange2;
//xrange2 = (MCG->aper->xrange2+MCG->aper->offrange2)/2.f;
//xrange = sqgrt (xrange?2) ;

// Calculate extremal moveouts
if (vvar) {

VO



// Account for velocity reference and variation
tmax = sqrt (t2+4.f*hmax2/vmin/vmin/vvar) ;
tmin = t2+4.f*hmax2/vmin/vmin/vvarup;

} else {

// Constrain moveouts with boundaries for wvnmo
tmax = sqgrt (t2+4.f*hmax2/vmin/vmin) ;
tmin = t2+44.f*hmax2/vmax;

}

// Clip to temporal range of data and calculate no. of samples
tmin = (tmin<0.f) ? mint : mymax (mint, (float) sqgrt(tmin));
tmax = mymin(tmax,maxt);

sts = int ((tmax-tmin) /Inidt)+1;

// Loop over the angles

for (m=0; m<size; m++) {
angle = minanglet+dangle*float (m);
fac = 2.f*sinf (angle)/vel;

// Search for Rnip for curves in moveout range
if (sts>0) {

// Calculate factors
facl = 2.f*fac*t;
fac2 = 2.f*fac*t/xrange;

// Loop over traveltime moveouts

indmax=0;
cohmax=-FLT MAX;
indmax=0;
for (k=0; k<sts; k++) {
tfac = (mysqr (tmin+Inidt* (float)k)-t*t) /hmax2;

for (ctr=MCG->first; ctr<MCG->last; ctr++) {
tt = mysqgr (t+fac*ctr->xm) + (ctr->h*ctr->h+ctr->xm*ctr-

>xm) *tfac;

mum

ctr->tt = (tt<0.f) ? -1.f : sqgrt(tt); // that's safe
}
coher = (Coh.*Coh.Coher) (MCG->first,MCG->last);
if (coher>cohmax) {
cohmax = coher;
indmax = k;
1
}

// Iterative refinement of the maximum
cdt=Inidt;
tom = float (indmax)*Inidt+tmin; // time of intial maxi-

for (k=0; k<iter-1; k++) {
tmax = mymin(maxt, tom+cdt*.9f) ;
tmin mymax (mint, tom-cdt*.9f) ;
cdt /= 10.f; // refinement factor
for (tref=tmin; tref<tmax; tref+=cdt) { // loop over

moveouts

VOV



tfac = (mysqgr (tmin+Inidt* (float) k) -t*t) /hmax2;
for (ctr=MCG->first; ctr<MCG->last; ctr++) {

tt=mysqgr (t+fac*ctr->xm) + (ctr->h*ctr->h+ctr->xm*ctr-

>xm) *tfac;

ctr->tt = (tt<0.f) ? -1.f : sqgrt(tt);
}
coh = (Coh.*Coh.Coher) (MCG->first,MCG->last);
if (coh > cohmax) { // trace maximum

cohmax = coh;
tom = tref;

}

}

}
tfac = (tom*tom-t2)/hmax2;

// Calculate Rcds from tfac and angle
Rnip = 1.f/(tfac*vel*0.5f/t/mysqgr (cosf (angle))) ;

//warn << nl << Rnip << "\t " << angle << "\t " << sts <<

"\t "
// << tfac;
//float temp = angle*RTOD;
//fwrite (&temp, 4, 1, debug);
//fwrite (&Rnip, 4, 1, debug);
//fwrite (&cohmax, 4, 1, debug);

} // End of search for Rnip
// Calculate traveltimes

//facl = 2.f*sinf (angle) /vel;
//fac2 = 2.f*mysqgr (cosf (angle))/vel;

for (ctr=MCG->first; ctr!=MCG->last; ctr++) { // Loop over

traces

tt = mysqgr (t+fac*ctr->xm)+ (ctr->h*ctr->h+ctr->xm*ctr-

>xm) *tfac;
ctr->tt = (tt>0.f) ? sqgrt(tt) : -1.f;
}
sample = Coh.TaperedSum (MCG->first, MCG->last);
MCG->aper->Recover () ;
stack += sample;

} // End of angle loop
CDSstack->trace[]j] = stack;
CDSap->trace[]j] = MCtraces;
suml += CDSstack->tracel[]j];
k1l = suml;
CDSstack->trace[]j]=kl;
sum?2 += CDSap->tracel[j];
k2 = sum2;
CDSap->tracel[]j] = k2;

}
YL
} // end of time loop

// Write current traces to output files
CDSstack->PutTrace (xi, cdpno)
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CDSap—->PutTrace (xi, cdpno);

// Advance to next CDP
MCG->NextCDP () ;
} // End of midpoint loop

// Force deallocation of last aperture
if ((trico = MCG->ProvCRSgather (xi, cdpno)))
error << nl << myname << "Deallocation error - "
<< trico << " remaining traces." << ex;

delete CDSstack;
delete CDSap;

info << nl << "CDS stack completed. " ;
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Abstract

Reflection seismic is one of the most commonly used geophysical method for oil and gas ex-
ploration. The CMP stack method usually employ for seismic imaging. Conventional seismic
imaging method based on the CMP stacking does not use the full potential of the dataset due
to reflection point dispersal in the presence of dipping reflectors or laterally inhomogeneous
media. Application of the CRS stack technique is advantageous in complex areas, since it in-
volves information about the shape of seismic reflectors, i.e., dip and curvature, into pro-
cessing. Moreover, a multiparameter formula allows to sum up more traces during the stack.
Each on of together, this leads to better imaging results, especially to an improvement of the
signal-to-noise (S/N) ratio. Reflection events in the CRS stack sections appear clearer and
more continuous compared to conventional CMP stack sections.

But the CRS stack method encounter in situations where exist conflicting dips at one sample
in ZO section, not efficient to deliver consistent high quality images in such cases. The rea-

son for this problem is the search strategy for CRS attributes (Ry,,Ry @ ). In this strategy at

the conflicting dips situations, only one reflection event selected that strongest event at that
sample with respect to the higher coherency along the CRS operator. The coherency analyses
along various test stacking operators are performed for each particular ZO sample to be simu-
lated.

Common diffraction surface (CDS) stack method recently introduced for solving the conflict-
ing dips problem. This method by means of DMO idea within CRS strategy resolved this
problem. In this case, the number of conflicting dips in each sample is not worried. Therefore
any reflection or diffraction event will contribute to the stack for a same sample. For each
sample, a coherency analysis is done in a range of angles. Solving the problem of conflicting
dips will enhance the usually weak diffraction events in the stacked section. Consequently,
noises and other unwanted events disclose similar reflection or diffraction events and make
dirty ZO section.

In this thesis, we introduce a new method namely Finite-Offset CDS stack. A new offset on
the common-diffraction-surface (CDS) stack method was developed to enhance the quality of
the structures that have problem of conflicting dips. For this purpose, the new idea applied on
CDS travel time formula in defined offset range for each time and target zone to compute fi-
nite offset stacked CDS volume. For defining the offset range that used in CDS Operator, for

eacht,, a linear function designed that varies with time. Results of using new operator on the

synthetic and real seismic data examples display the good performance of the FO-CDS stack
method in comparison with other stack methods.

Keyword: Common Reflection Surface (CRS) stack, Common Diffraction Surface (CDS)
stack, Finite-Offset CDS stack, wavefield attributes
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