5. CMPCC and CMPSPAC
From 1D to 2D and 3D !

* 1D active surface wave method
» 2D active surface wave method
 Common Midpoint Cross-correlation (CMP-CC) analysis

* 3D passive surface wave method and Common Midpoint Spatial
Autocorrelation (CMP-SPAC) analysis



5. CMPCC and CMPSPAC

e 1D active surface wave method
e 2D active surface wave method
 Common Midpoint Cross-correlation (CMP-CC) analysis

* 3D passive surface wave method and Common Midpoint Spatial
Autocorrelation (CMP-SPAC) analysis



1D active data acquisition
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Data example

Typical setting:

Sampling rate : Imsec

Data length : 2048 (2.048 sec)
Receiver spacing: 1 ~3m
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D|sper3|on curve and |ts analysis
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Estimating an initial velocity model in
terms of 1/3 wave-length theory
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Estimating an initial velocity model in
terms of 1/3 wave-length theory
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Estimating an initial velocity model in
terms of 1/3 wave-length theory

Inverted result
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Comparison of theoretical and
observed dispersion curves

RMSE = 15648494 v/ s
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Comparison of the original waveforms
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Comparison of the dispersion curves
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(soft) (middle) (stiff)

400

3a0

300

230

Phase velocity {m/s)
200

Phase velocity (m/s)
Phase welocity (m/s)

130

1a0

a0

Freguency (Hz)

Frequency(Hz) Frequency(Hz)

5. CMPCC and CMPSPAC 10



Desth (m)

Comparison of the S-wave velocity structures
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5. CMPCC and CMPSPAC

e 1D active surface wave method
e 2D active surface wave method
 Common Midpoint Cross-correlation (CMP-CC) analysis

* 3D passive surface wave method and Common Midpoint Spatial
Autocorrelation (CMP-SPAC) analysis



2D active data acquisition
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2D active surface wave methods using a roll-along switch (1)
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2D active surface wave methods using a roll-along switch (2)
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2D active surface wave methods using a land streamer

In the land streamer, the geophones are not stuck on ground surface and can be moved quickly.

5. CMPCC and CMPSPAC
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2D active surface wave methods using a land streamer

3 00000000000000000000080080 1shot
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5. CMPCC and CMPSPAC
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5. CMPCC and CMPSPAC

e 1D active surface wave method
e 2D active surface wave method
 Common Midpoint Cross-correlation (CMP-CC) analysis

* 3D passive surface wave method and Common Midpoint Spatial
Autocorrelation (CMP-SPAC) analysis

5. CMPCC and CMPSPAC
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Problem in conventional 2D processing

Phase-velocity curves cannot be determined correctly if the velocity structure changes horizontal direction in a shot gather
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Distance (m)

Calculating a phase-velocity
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Concept of Common Midpoint Cross-correlation (CMP-CC
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Comparison between reflection and 2D active
surface-wave method

Single channel Shot gather CDP gather
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Concept of CMP-CC analysis

Source f g
¢S Receiver 1 Receiver 2 Receiver 3 Receiver i-1 Receiveri Receiver i+1
N, N N N M Y /)_
T / o/ o/ ./ <O S
Vs, Vs, Vs, Vs, P (a))z ¢5(a))+ A@'ﬁ(”)*‘ Agrr, (a))+ A, T, (a))+ RRAY. AL (a))
Agsrr, Agryr, Agrrs | APty | Adrifiy
?, (a)) = ¢S(a)) + Agsr, ((0) +Agnr, ((0) + A, T, ((0) +AGE T, (a)) + AP, (a))

—

Surface waves travel with horizontal direction

¢s : Phase associated with source wavelet. Ag, (a)) =9, (a)) —Ag, (a)) =Agrir,, (a))

Agsr, - Phase difference between source and receiver 1.
Agr,r, : Phase difference between receiver 1 and 2.
Agr,ry - Phase difference between receiver 2 and 3.
Agr; 1 - Phase difference between receiver i-1 and i.
Agrir.,, - Phase difference between receiver i and i+1.



Concept of CMP-CC analysis

@ :Center of cross-correlation O:Receivers

a) Conventional multi-channel analysis b) Ideal CMP analysis CMP
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Calculating a phase-velocity
curve from multi-shot gathers

e Stacking on time-domain
= X (cannot remove phase-difference between shots)

 Stacking as phase-differences
=> X (cannot remove phase wraparound or spatial aliasing)

 Stacking as cross-correlation

=)



2D active data processing by CMP-CC

\1St shot gather
CC with 1 receiver spacing
@ —\/\7 \ . . 2"d shot gather
eeeeeeeee pacing _
? i




2D active data processing by CMP-CC

CCwith 1 2 receiver 3receiver
receiver spacing spacing spacing

15t shot CMP-CC /\ /\ /\ /\ CMP-CC gather
2"d shot CMP-CC /\ |\ /\

Stack

Stack
Stack
Stack
A ' Stack
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2D active data processing by CMP-CC

Survey line Survey line (cross correlations)

Receiver spread

’

gather

Shot : T :
— —_— Cross carrelations : : :

Ve

gather

Shot : — —
—_— —> . Cross correlations -

Yl

gather

Shot E —— —
— = : Crass cortelations

Yl

Shot :
— —_— : = Cross correlations

gather

5. CMPCC and CMPSPAC



Distance {m)
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Real data example

Distance (m)

157

182

147

172

177

182

187

192

197

202

2n?

Identical spacing
correlations

Time (msec)

100 150 200 230 300

163

— 170

175

] 180

— nujty

190

195

Distance{m)

200

205

210

213

Time (msec)
1000 2000 2500 3000 3300 4000 4500
Tim e {msec)
0 1000 1500 2000 2500 3000 3300 4000
145
170
[ — g
173 ]
S
180
ooy
EHSCOMHAIEHEY E
= LA
P———— = 190
— =
e e E——— p—— P — I
T P e—— 193
= 200 e
L = mﬁz P
- S A A 205 e
210 = = —
ey P e S P ——
215

CMP
distance

Time {msec)

100 150 200 250 300

ll

Distance (m)

CMP-(QCs of 1 receiver spacing



Calculating a phase-velocity curve from
different spacing cross-correlations

1m spacing CMP 8m spacing CMP
cross-correlations cross-correlations
Receiver= 1.0m Time (msec) Time (msec)
CMP 50 100 150 200 250 CMP 4 50 100 150 200 250

distance distance

150 130 A

160 1

170 1

180 1

190

= 2 &8 B é’m
O

Try to order with respect to their receiver spacing!



CMP cross-correlations ordered
with respect to receiver spacing

Receiver

spacing

0

a0

Toon

1500 2000

Time (mse

2al0

c)

3000

3500

4000 4300

_—
—
———

1\

i

XA

T

B

} i

1m receiver
spacing

8m receiver
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CMP Cross-correlation Gather !

It can be considered as a pseudo-shot gather!

= Multi-channel analysis can be applied
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Example of CMP analysis

A shot gather (shot dist)ance of 156m) A shot gather (shot distance of 164m)
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Example of CMP analysis

CMP cross-correlation gather at the CMP CMP cross-correlation gather at the CMP
distance of 173m distance of 201m

Tim e (msec) Tim e (msec)
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Phase-velocity image
calculated from CMP cross-
correlation gather
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Numerical example

Step (at the distance of 60m)

=—velocity

025
023
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017
015
013
010

30 40 50 60 70 20 90, tkrn/s)
M
Distance

30m 60m 90m

» Survey line (distance)
Receivers

v .....AT.522222222ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZM
Data acquisition
5. CMPCC and CMPSPAC
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Distance (m)

Example of a shot gather

The shot gather at the distance of 35.6m
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Distance (m)
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Phase-velocity curves obtained
through CMP cross-correlation gathers

Frequency (Hz)
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CMP analysis result (numerical example)

Shot gather analysis

CMP analysis

True velocity model

Depth

Depth

Depth

a0

[l
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60 70

Distancs
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CMP analysis result (real data)

Depth

Depth

(M) Shot gather analysis

0 -
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Discontinuity at 180m
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5. CMPCC and CMPSPAC

* 1D active surface wave method
» 2D active surface wave method
 Common Midpoint Cross-correlation (CMP-CC) analysis

* 3D passive surface wave method and common Midpoint Spatial
Autocorrelation (CMP-SPAC) analysis
* Concept of CMP-SPAC
* Data acquisition
 Numerical example
* Real data example
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Conventional spatial autocorrelation (SPAC)
for 1D S-wave velocity investigation

Data acquisition geometry Dispersion (phase velocity) curve 1D S-wave velocity model

Frequency (Hz) S-wave velocity (m/s)
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Concept of 3D passive surface wave method
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Processing of 2D/3D ambient noise tomography by
Common Midpoint Spatial Autocorrelation (CMP-SPAC)

1.

The recorded vertical component of ambient noise data is divided into
several overlapping time blocks.

Coherencies are calculated for all time blocks and all receiver pairs.

'drhe coherencies are averaged over all time blocks in the frequency
omain.

Coherencies are sorted by CMP. The real part of coherencies at each CMP
can be considered as spatial autocorrelation (SPAC), since coherencies
were calculated from receiver pairs with many different directions and
thus include directional averaging.

Dispersion curves are calculated from each CMP-SPAC gather by
comparing observed SPAC traces and theoretical Bessel functions.

A pseudo 2D/3D V¢ model is reconstructed through 1D non-linear least
squares inversion of dispersion curves.
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Data acquisition : cable free 3D measurements
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3D ambient noise tomography : geometry example
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3D ambient noise tomography : geometry example

9 patches with overlap measured all investigation area
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3D ambient noise tomography : geometry example

All possible receiver pairs

Receiver pairs in a CMP bin

]3 0 O O O [I

Calculate one dispersion curve and
estimate one velocity profile

|
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48



5. CMPCC and CMPSPAC

* 1D active surface wave method
» 2D active surface wave method
 Common Midpoint Cross-correlation (CMP-CC) analysis

* 3D passive surface wave method and common Midpoint Spatial
Autocorrelation (CMP-SPAC) analysis
* Concept od CMP-SPAC
* Data acquisition
* Numerical example
* Real data example

5. CMPCC and CMPSPAC

49



3D
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Example data and processing geometry

Average 10 records in
Example of waveform data frequency domain

Time (s)

10 15 20 25 30 35 40 45 50

55 60 65

30

10
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Examples of CMP-SPAC pairs in one cell (bin)
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Examples of coherencies and phase velocity image
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Comparison of dispersion curves cross the step
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3D measurements at 2 Islands 36 Atoms
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One measurements (36 Atom AUs)
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a day with several people.
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20.00

Coherencies are calculated
for all time blocks and all receiver pairs

X (m)
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i L
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40
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Coherencies are sorted by CMP.
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The real part of coherencies at each CMP can be
considered as spatial autocorrelation (SPAC), since
coherencies were calculated from receiver pairs with many
different directions and thus include directional averaging

X (m)

0.00 20.00 40.00 100.00 120.00 140.00 160.00 180.00




Dispersion curves are calculated from each CMP-SPAC
gather by comparing observed SPAC traces and theoretical

Bessel functions Phase velocity (m/s)
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Dispersion curves calculated from all CMP-SPACs
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Dispersion curves : Twitchell inverted_result_LSM-4.pvs
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1D inversion estimates V. profiles from each dispersion curves

Index=21 Station name = CMP 21 (X=40.500000m Y=13.500000m)

RMSE = 18.243467 m/sec
Frequency (Hz)

600

200m 100m T — —aem— I
550 s i -

500 /
450 /

400 . BN

350

300

250

200

Phase velocity (m/s)

150

100

50

Dispersion curve : Twitchell inverted_result_LSM-4.pvs

Index=42 Station name = CMP 42 (X=76.500000m Y=22.500000m)

RMSE = 20.308601 m/sec
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Dispersion curve : Twitchell inverted_result_LSM-4.pvs
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S-wave velocity (m/s)
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S-wave velocity model : Twitchell inverted_result_LSM-4 pvs
Average Vs 30m = 200.8 m/sec
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S-wave velocity model - Twitchell inverted_result_LSM-4 pvs

Average Vs 30m = 198.7 m/sec
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Twitchell Island : S-wave velocity model

60.00
40.00

Investigation depth is 40 m imisec)
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Depth slice (Z=0~2.5 m) Cross section (Y=20.0~22.5 m)
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. S-wave velocity model

Twitchell Island

S-wave velocity

80.00

60.00

40.00
(m/sec)
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Questions ?
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S-wave velocity
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