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Development of Seismic Velocity Estimation Technique
using Single Trace Inversion in Post-Stack Data

Lee, Da Woon

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

Graduate School of Korea Maritime and Ocean University

Abstract

In the field of o1l and gas reservoir area exploration, conventional
seismic data processing such as CMP sorting, velocity analysis, NMO
correction, stack, and migration 1s performed in regular sequence to
obtain structural images of subsurface reservoirs. The conventional
seismic data processing have the disadvantage that analyst's subjective
judgment influence on the processing result. In the case of the stacked
data obtained by performing the NMO correction well, it can be assumed
signal of vertically incident and reflected. Therefore, it can estimate
velocity information using single trace inversion for such this stacked
data. In this paper, the RMS velocity and traveltime for velocity
analysis are estimated using result of single trace inversion, and
applied to the conventional seismic data processing. The new result of
velocity analysis 1s improved by using single trace inversion to
overcome the disadvantage of the existing method, and the effect on
subjective judgment is replaced by the fully automated process.

To estimate more accurate structure information, techniques such as

- Vil -
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full waveform inversion and reverse time migration using pre stack data
are used. These techniques require velocity information according to
the depth as initial information, and initial information influence on
the result. The velocity information obtained through the proposed
method i1s information on the space, and if it 1s used as the initial
information, the structure 1image similar to actual structure can be
estimated. The validity of the proposed algorithm was verified by using
the synthetic data generated by modifying the Marmousi-2 model, the
SEG/EAGE overthrust model, and the field data obtained from the East

Sea.
KEY WORDS: Post-stack data 53 & #5; Velocity analysis 45=%2; Physical properties &43;

Single trace inversion @Y Egoj2 &t
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Fig. 1 Flow chart of conventional seismic data processing

_5_
@ ki



T % ﬁ I
;ﬁ%@ i&%@ *

(b)

Fig. 2 Semblance velocity analysis with CMP gather : (a) CMP gather, (b) Semblance panel
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Fig. 3 Flow chart of proposed seismic data processing
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Table 1 Synthetic modeling parameters

parameters value
number of x-axis grids 1000
number of z-axis grids 169
number of samples 3000
grid spacing (m) 1
sampling interval (s) 0.0001
cutoff frequency (Hz) 250
number of shot 301
interval of shot (m) 2
number of receiver according to shot 51
interval of receiver (m) 2
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Collection @ kmou



o B
= [¢] pIY h=
£ 33 58 24 SU0Fg 6. FEEHA W) A9 2o A
ps

el SERdo] o] WAL 913

107] o] 50 ARE olgayt Fig 7S HSE AFFAEA

UelH, Fig. 8¢ H4& 3 471 107) o) 4e A5 F

=
(4]
Velocity (km/s)

s L
0 100 200 300 400 500 600 700 800 900
Distance (m)

Fig. 5 True velocity model

200 300 400 500 600 700 800
CMP numbers

Fig. 6 The fold (mumber of trace per CMP) versus the CMP numbers

_16_

Collection @ kmou



0.05

0.1

0.2

0.25

50 100 150
Shot Gathers

200 250 300

Fig. 7 Shot Gathers

_17_

Collection @ kmou



0.05

0.1

0.2

0.25

200 300 400

500 600 700
CMP Gathers

Fig. 8 Common Mid Point Gathers

_18_

Collection @ kmou



o
N

T 3f ot
at7] #s) A4 Semblance &=EAe 43

SN BA AYS

L
) By

, Fig. 93}

al

ol

3HA

o]

RMS AEE

-§-l_

Lerdz e AL
to, Fig. 109} #e =

S|

oju

o

=3kt

 ARE 3

(s}

bR E9

3 oHFig. 11).

583

B EA 9g-olF TERAL

(s/w) Ayooep

0
@ 5 ™~

100 |-

L
o
©

(w) ydeq

120

140

160

200 300 400 500 600 700 800 900
Distance (m)

100

Fig. 9 Smoothing velocity model

_']9_

Collection @ kmou



0.05

0.1 S ——————

0.25

200 300

400 500 600

700
CMP point

Fig. 10 Stack Section

_20_

Collection @ kmou



0.05

0.2

0.25

200 300

400 500 600

700
CMP point

Fig. 11 Result of Phase-Shift Migration

_21_

Collection @ kmou



o
ﬁo

o)

il

= Py
Z7EE B2

Semblance

= ©

Fatt. Fig. 12

g5

%74

oA HH e o] g3t

320m, 640m A& Zo]}ako

3

35

2=
T

A3}E Uehie, Fig 13

/1\_]__

[e=]
=21

4 Aol A

JER 21T

Hns

o B4

TEo] A

FA%

S|

i

FEoh o]d A 59} vl
Hd-01s FEEAFS &9

= =]
':.l‘o

190om, Fig. 149 & %% A8E 3

S|

=
=

[

S|

sk

g ol

=
=

T A

S
g3

s}7]

e 5
t}.(Fig. 15).

3

35

g FERA ARt oo

oo

o, *+XH

=X
LS

FA71 =

S|

_22_

Collection @ kmou



Depth (m)
5
(6]
Velocity (km/s)

200 300 400 500 600 700
Distance (m)

Fig. 12 Result of single trace inversion

0 w i 0 w ‘
—Result of Inversion —Result of Inversion
20+ —Initial ] 20 —Initial
True True
40 1 40 |
— _
_el oy | <G \L
E Tl £ —
= 80} i) : = 80| o
: = : =
I = i p
0 100 — 0 100 X
o =
120 \_L/ 1 120 ’:L
" S
140 | K 1 140 | X
| = | | =7l
160 | | } 160 | ;7;,
14 1.6 1.8 2 14 1.6 1.8 2
Velocity (km/s) Velocity (km/s)
(@) (b

Fig. 13 Depth profiles of true, initial and inverted velocity by inversion
at a horizontal position of (a) 320m, (b) 640m
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Table 2 Synthetic modeling parameters

parameters value
number of x-axis grids 1001
number of z-axis grids 193
number of samples 3000
grid spacing (m) 1
sampling interval (s) 0.0001
cutoff frequency (Hz) 250
number of shot 301
interval of shot (m) 2
number of receiver according to shot 51
interval ‘of receiver (m) 2

Depth (m)

L L L L | !

4.5

Velocity (km/s)
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Distance (m)

Fig. 22 SEG/EAGE overthrust velocity model
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Fig. 38 Result of inversion (a) Cross Section and (b) Zoom in Cross Section
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