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Development and Application of Seismic Single
Trace Inversion Algorithm using Gauss-Newton

Method

Choi, Yeon Jin

Department of Ocean Energy & Resources Engineering
Division of Energy & Resources Engineering

Graduate School of Korea Maritime University

Abstract

In this study, a seismic single trace inversion algorithm was developed to
build a subsurface velocity model using waveform inversion. The existing
single trace iInversion algorithm is conducted based on the convolution
theory. In contrast, the proposed algorithm assumes that the subsurface
velocity model is one—dimensional, and utilizes the Gauss—Newton method to
build a velocity model. To develop the algorithm, a numerical modeling
algorithm based on the staggered grid finite difference method was applied,
and the virtual source term was defined to calculate the Hessian matrix. In
addition, the seismic source estimation technique was used.

The wvalidity of the proposed algorithm was verified through numerical
tests using the Marmousi2 model. First, the numerical test using post—stack
data was conducted. In this test, an inverted velocity model was built using
the proposed algorithm, and the algorithm was compared with the
post—-stack inversion algorithms of the Hampson-Russell software. As a
result, the proposed algorithm seems to yield better results than the

existing algorithms. Next, a numerical test was conducted to investigate the

— viii —



effect of offset. For such purpose, numerical modeling data obtained by a
single channel were used. As a result, a reliable result within 10m offset
was confirmed. Finally, the algorithm was applied to the field dataset
obtained from Busan Port to build a velocity model, and the proposed

algorithm was found to be applicable to field data.

KEY WORDS: Seismic single trace inversion ©43 ©d Edolx H4ik

Gauss-newton method 7}-9-2-784; post stack inversion T F H4t
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Table. 1 Synthetic modeling parameter for verifying proposed algorithm

Parameter Valle
number of gird points 177
grid interval (m) 20
number of samples 3000
sampling interval (sec) 0.002
cutoff frequency (Hz) 20
5.00 : :
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Fig. 7 Comparison of true and initial velocity profile for verifying

proposed algorithm
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Fig. 11 Comparison of true and estimated source wavelet using proposed

seismic single trace inversion algorithm
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Fig. 12 Comparison of observed and calculated trace using proposed
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Table. 2 Post stack synthetic modeling parameter

Parameter Val e
number of gird point 177 X 550
grid interval (m) 20
number of sample 3000
sampling interval (sec) 0.002
number of shot 450
shot interval (m) 20
number of receiver 100
inner offset (m) 0
receiver interval (m) 20
cutoff frequency (Hz) 20
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Fig. 13 Marmousi2 true p-wave velocity model



Distance (m) Distance (m) Distance (m)

0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5 0.0 0.5 1.0

1.5

0.0 0.0 0.0

1.0 1.0 1.0

2.0

2.0 2.0
—_— —_— —_—
m m m
Q Q Q
X X X
o 30 o 30 o 30
£ £ E
- - -
4.0 4.0 4.0
5.0 5.0 5.0
(a) (b) (c)

Fig. 14 Synthetic seismogram using Marmousi2 true p-wave velocity model obtained from well #1 (a), well #2

(b), well #3 (c) position
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Fig. 16 Flowchart of synthetic data processing using Hampson-Russell
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Fig. 23 Inverted p-wave velocity model using bandlimited inversion algorithm
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Table. 3 Inversion parameter for model based inversion algorithm

Parameter Val e
average block size (ms) 2
Hard constraint (lower, %) 100
Hard constraint (upper, %) 100
pre-whitening (%) 5
iteration 50
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Fig. 24 Inverted p-wave velocity model using model based inversion algorithm
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Table. 4 Single channel seismic survey synthetic modeling parameter

Parameter Val e
offset (m) 0 5 10 15
number of sample 5000 5000 5000 5000
sampling interval
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(ms)
cutoff frequency
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Fig. 28 True p-wave velocity model of single channel seismic
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Fig. 29 Synthetic seismogram at offset 0 m (a), offset 5 m (b),
offset 10 m (c), offset 15 m (d)

400.0




o

il

3 AL fAt

I}
=

=]

A &=

Aol 0 mQ

3L

A3}, Fig. 30.7 2ol
AL EH Q

=
o
=

3

)
o
oju
ojp
ox

+

oju
oH

oju

F

Q3]
15
80

Q9

Aol 15 m

3L

A7 QAR 10 m

}
10
55

I
pal

|

Aol 10 m ©]

3}
v

=1

Aol

go] Uehkou), o
o Hgol

H34+= Table. 59 7o
lel 2
40

o 3%
~—
)
=

I8
=

H
Ll

Al
A=

I

ol T
=

J
o

] 2

A

E
tol ox7t AL
=

2o

0
40

Atk 100 m ol A 2]

h 154

S|

A

=

27F AR

A A B A=

o

—

3L

offset (m)

Astel
el o
number of iterations

Table. 5 Number of iteration for applied algorithm

Ayl 94 Asrt B
454 A%E AWuw Fig 329 2ol AA

J

-

A2 R Fig. 339 2ol L1e

ez
==



Depth (m)

Distance (m)
100.0 200.0 300.0 400.0

Velocity (km/s)

5.0

Distance (m)
100.0 200.0 300.0 400.0

Velocity (km/s)

5.0
_—
€ 4.0
~
=
i
Qo 3.0
g -
v s - = 2.0
- gy Akt # -
60.0FE A A AN
-~ ~'o, -~ 7 4 v/ W .'r“.\‘l Pt Vg
e L0 NW Y . LY . L/ 0 NN 1‘\&\\ _ 1.0




Depth (m)

Distance (m)
0.0 100.0 200.0 300.0 400.0

Velocity (km/s)

5.0

Distance (m)
0.0 100.0 200.0 300.0 400.0
0.0 . . L L Velocity (km/s)

5.0
—

E 4.0
A g
=
R

Q. 3.0
[]
Q

2.0

AN
WAV
PN A ) 1.0

(d)
Fig. 30 Inverted p-wave velocity model at offset 0 m (a), offset 5 m (b),
offset 10 m (c), offset 15 m (d)



w E o
o o )

Velocity (km/s)

g
)

w E o
o o )

Velocity (km/s)

g
)

[ [
| = True velocity

= Inverted velocity

A

10 20 50 60 70

30 40
Depth (m)
(@)

[ [
| = True velocity

= Inverted velocity

10 20 50 60 70

30 40
Depth (m)
(b)



[ [

50 | = True velocity
—_ = Inverted velocity
0
€40
X
-
>
30
o
-

0
> 2.0
1.0

o 10 20 50 60 70

30 40
Depth (m)
(©)

[ [
| = True velocity
= Inverted velocity

o
o

o
o

g
o

Velocity (km/s)

g
)

50 60 70

30 40
Depth (m)

(d)
Fig. 31 Comparison of true and inverted velocity profile at offset 0 m (a), offset 5 m
(b), offset 10 m (c), offset 15 m (d) obtained from 100 m



1.0
0.8
0.6
0.4
0.2
0.0
-0.2

Amplitude

© 5
o b

-0.8
-1.0

1.0
0.8
0.6
0.4
0.2
0.0
-0.2
-0.4
-0.6
-0.8
-1.0

Amplitude

| |
= True source wavelet
o Estimated source wavelet
amﬂM “ o
0 0.001 0.002 0.003 0.004 0.00:
Time (sec)
(a)
| |
A/\ = True source wavelet
\ o Estimated source wavelet
%%hj
0 0.001 0.002 0.003 0.004 0.00:

Time (sec)

(b)



1.0

| |
0.8 J/\ = True source wavelet N
0.6 ‘%L\ \ o Estimated source wavelet
o 04
T 0.2
.
= 0.0
a
g -0.2
< .0.4
-0.6
o W
-1.0 2t
0 0.001 0.002 0.003 0.004 0.00:
Time (sec)
(c)
1.0 ‘ ‘
0.8 A/\ = True source wavelet
0.6 \ o Estimated source wavelet
o 04
T 0.2
.
= 0.0
a
g -0.2
< .0.4
-0.6
-0.8
-1.0
0 0.001 0.002 0.003 0.004 0.00:

Time (sec)

(d)
Fig. 32 Comparison of true and estimated source wavelet at offset 0 m (a), offset 5
m (b), offset 10 m (c), offset 15 m (d) obtained from 100 m



0.2

Amplitude
e
o -

o
-

-0.2

Amplitude
& o ) o o

'
-
o

= Observed trace

- Calculated trace

0 0.02 0.04 0.06 0.08 0.1
Time (sec)
(a)
- Observed trace
- Calculated trace
0 0.02 0.06 0.08 0.1

0.04
Time (sec)

(b)



-
o

- Calculated trace

- Observed trace L

Amplitude
0 & A N ON MO O®

0.04 0.06
Time (sec)

(b)

[
==,
(=}

0 0.02 0.08 0.1

-
o

‘ Observed trace
Calculated trace

Amplitude
0 & A N ON MO O®

[
==,
(=}

0.04 0.06 0.08 0.1
Time (sec)

(c)
Fig. 33 Comparison of observed and calculated trace at offset 0 m (a), offset 5
m (b), offset 10 m (c), offset 15 m (d) obtained from 100 m

0 0.02



[T
N
l‘-g‘-"
o o
ri
AN
N
fu
2
=
rol
i)
N
2
olo

ME duEESs FNA HAEE dLAE @49 AR R AL B
st AAARE FAgCM HE5F @43 FARZEA, FAFISE 400
Hze] FdRmeo dadxfd ~Eg S A&3tath &Ab F9& Fig. 349 2o

o g HS3 vl AR2H, B4 setvlE

Table. 63 #Zo] 7]2AZF 0.1 sec, A AL 0.02 msolth ¢ 3FE=
9087) o™, Wy} 7FAL 05 secEN BAMMY £LE 4~5 EE 71T o
125 molth, A5 A2E Fig. 359 2& ARA ARG FHsUh A2
Ag= Seismic unix® ] 434 HASH BEZAFE Fig. 36 @9 2ow, A
248 ¥ Fig. 36 (b)) 2 BT A2=2 Ach

(|

3,883,000

Northing

3,882,500

507,000 507,500 508,000

Easting

Fig. 34 Track chart at the Busan Port



Table. 6 Seismic survey parameter obtained from the Busan Port

Parameter Val e
number of sample 5000
sampling interval (ms) 0.02
number of shot 908
shot interval (m) 1.25
inner offset (m) 10
source Dual boomer
dominant frequency (Hz) 400
Input seismic data
Trace edit
Frequency analysis
Frequency Filtering
Gain recovery
Output seismic data

S

Fig. 35 Flowchart of data processing using field data set obtained from
the Busan Port
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