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Data acquisition

Phase

Seismic Data

Date

Injected CO» (tonnes)

[ (baseline)

[T (1** monitor)

[11 (2"¢ monitor)

1. Line 1 (north-south)
1. Lines 2 and 3 (east-west)
iii. Fixed-array VSP (8 geophones)

1. Line 1 (north-south)
11. Lines 2 and 3 (east-west)
iii. Fixed-array VSP (8 geophones)

1. Line 1 (north-south)
i1. Lines 2 and 3 (east-west)
iii. Fixed-array VSP (8 geophones)
vi. Addition of -
(a) 16-level VSP

(b)southwest-northeast 2D line (line 6).

March 2005

December 2005

March 2007

15,000

60, 000
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Violet Grove: seismic
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Objectives

 When to perform surface-consistent matching

filters (SCMF) In prestack processing?
e Compute the 4-components SCMF.
e Apply the SCMF.
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Match filters <» Spectral Ratios

To match two traces
m)*d, () =d, 1)) = | > (m(t)*d,(t)-d, (1)) =min

In freq. domain: ]
(@) = %(w)
d, (@)

match filters in time domain < spectral ratio in freq. domain

A stable trace-by-trace match filter:

Time-domain

Spectral
least . fit . ratios
squares
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Surface-consistent equations

Baseline survey, any trace
dl (t) =35 (t) 0 (t) * h1(t) *Yi (t)
Monitor survey, corresponding trace

dz (t) =3, (t) *T, (t) * hz (t) Y, (t)

In the log-frequency domain

o g
log Al( ) Iog (a))+log L () +log == hl (a))+log (a))
d,(@) &, 2 h, J
Data Iog Sum of surface-consistent terms, one
spectral equation per frequency per trace

ratio

29/11/2012



Algorithm workflow

Computetrace-by-
trace matchingfilters

FFT

‘ Trace-by-trace
spectral ratios

n=1

Increment frequency
counter
n=n+1

A

Solve surface-consistent
system for frequency n

G m(wy) =d(wy) >

m(wy) = G 'd(wn)

Time domain,
surface-consistent
matchingfilters

IFFT

Accumulate
solution frequency-
by-frequency
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* Violet Grove data
 What are the objectives?

* Review the “Surface-consistent matching
filters” or SCMF

« Examples

e Conclusions

29/11/2012 10



Surface-consistent matching filters: application to time-lapse data
Mahdi H. Almutlag®*, Gary F. Margrave

mhalmutl@ucalgary.ca

1.50MMARY Z. THEORY

designing a 2.1: SURFACE- COMSISTENT MODEL | 2.2 MATCHING FILTERS
#ina ¥ To match two traces

|* The seismic trace can be m eled as M)A e nay z et o
d ()= 5, (t)¥r (1) *h (1) ¥y, (1) 11} | :
s ¥ In frequency 3
X facc cffcctn -
. ) . d, : the seismic trace; ¢ is time; and * for convolution i 3l
n surface-consistent design equations are

e NCy domain

time-lapse c

Poster: Surface-consistent
matching filters: application to
time-lapse data (synthetic example)

T e 1 Rr— x T —

t can be applied to

ok causfacc-comalont

avatem for frequensyn AccumulaTc
G vl | s [P

Timn Tregusney- =
syfreguznay 3
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- FIG. 4
5. CCONCLUSIONS
Excaing Maniior P SCMF computation is an: rous to other 5C
24 P R .
EXCEPT the data term is s pectral ratio of 2 surveys.
saf ——— = —_ K i z ST St
By compute e-sequential MF in time by LSO
DT MR 3 (%] g B i _
& FT the result which is a stable approximation to
a4
| spectral ratio.
= = o) \ U Arlvd s E 2
T ¥ SCMF is designed to match one data set to anotherin
a time-lapse experiment.
- ¥ SCMF reduced NRMS values fram 7

G. ACKNOWLEDGMEMTS ¥ Maximized time-lapse seismic repeatability.
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Before SCMF

(a) (b)

Baseline Monitor

.. W
||l 1 M
- i - —— 70%

MR AR
f " l\, Vl
NRMS (%) = 200| —Ms(@=b)
rms(a) + rms(b)
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After SCMF

(a) (b)

Baseline Monitor

NRMS (%)

120 — |
NRMS(%)=200[ A E) }\
rms(a) +rms(b) || |

16%

26/11/2012 13



Processing steps

Baseline Monitor

Geometry assignment

Ground roll attenuation

Trace edits + mute

Amplitude recovery

Surf.-consis. Amp. Cotr.
Surf.-consis. spiking decon.

- e Surf.- consis. matching filters
Velocity analysis ° -
Surf.-consis. residual statics

CDP stacking

Post stack kirk. migration

29/11/2012 14



Prestack: before SCMF
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Prestack: after SCMF

1.3g

|-;¢.- "l ".f?*:‘ J M T et .;1 i il
i g 'zr--l dl e
P',E%’jj ill!lﬁ: ‘1 r(( ,‘1 (1' 511@.' .. a« ‘ ‘ fqi :1 "!l ‘: ﬁjjkﬁ
W ’lm \é J‘j« ”J “ (M.«p;" t&’f« b ,{Eﬂ 15‘ ;;"'It"
S W o e g o
@ {ﬂ{! }"‘ k rﬁ (1‘ ﬂﬂ‘ ~‘“ w‘" !i l“i §fw‘ il ‘{1 Q«« ed “1 'l" |
2 |'!iej<<‘ff il M g[g ,«“,} ol “‘w Mg;"f;«ﬁ;r
é é‘«!{kj& «‘f*g'r«(«m 2;:" llf( fft m qul"qlﬂb 1: “ )jhj ‘ :“]ﬁt i
Aﬁ"“"‘!} ‘§“< o “"“« W | 5 1 ﬁ?ﬁ‘ﬁjﬂ‘ﬁéz’;ﬁ
j«; ¢J"‘ 4«5@3} r;*,j“i‘;.v 1‘1“4’ '*««tﬁfu@(téjz’ Py M q,,, '*?s*!’,';
{‘54" ‘fﬁiﬁiﬁ("ﬂi 0 ~ !”*:* M{( G i]‘ “ill"‘«f'i,'
i AR i)

sgsMeue JO MOPUIAA




Prestack: before SCMF

Basellne Monitor Difference
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Prestack: after SCMF

Basellne Matched monitor Difference
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Amplitude spectrum

db down

- monitor :
- matched monitor| |

0 100 200 300 400 500
Frequency (Hz)

-100
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Before SCMF
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After SCMF

26/11/2012 21



More comparisons
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Conclusions

o SCMF computation is analogous to other SC methods

EXCEPT the data term is spectral ratio of 2 surveys.

« SCMF is designed to match one data set to another in a time-

lapse experiment.

« SCMF reduced NRMS values from 70% to 16% in synthetic

data set.

» Successfully reduced most of the observed difference inside

the window of SCMF In Violet Grove data set.

 Maximized time-lapse seismic repeatability.
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After SCMF
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Well-tie
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2006 vs 2012 processing

Table 3: The standard processing work flow of the surface seismic data set (Lu et al., 2006).

Processing work flow for the PP data
Geometry assignment

Ground roll attenuation

Trace edits

Amplitude recovery

Minimum phase deconvolution
Tomographic structure statics
Velocity analysis
Surface-consistent residual statics
Spectral whitening

Mute and tei=statids
Surface-consistent scaling

CDP stack

F-X noise attenuation

Poststack kirchhoff migration
Bandpass filter

—> Done

—> Not done

WA

Table 4: Processing work flow of Line 1.

Baseline Monitor

Geometry assignment Geometry assignment

Ground roll attenuation Ground roll attenuation

Trace edits Trace edits

Amplitude recovery Amplitude recovery

Surface consistent Amplitudes correction  Surface consistent Amplitudes correction
Surface consistent Spiking deconvolution — Surface consistent Spiking deconvolution
- Surface consistent matching filters
Velocity analysis -

Surface-consistent residual statics Surface-consistent residual statics

CDP stack CDP stack

e .
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Before SCMF
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