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Abstract The Q value is an important seismic physical parameter to describe attenuation characteristics
of formation. It is of great significance to improvement of resolution of seismic data and accuracy
of seismic imaging. In this paper, a seismic physical modeling method for the quantitative simulation of
formation attenuation is proposed based on dynamic characteristics of attenuation materials. Firstly, the

accuracy of the diffraction correction method is verified with the aluminum. Secondly the stability
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and accuracy of different measurements are analyzed through experiments on lucite, so as to
select a preferable method for Q estimation. Then, the function between the mass ratio of compound
materials and physical parameters is established based on experimental data, which can be used in
quantitative simulation of formation attenuation. Combined with a single-layer seismic physical
model and a near-surface seismic physical model, the similarities between the field situation and
simulated seismic records as well as its spectral characteristics are studied. In addition, the
accuracy of quantitative simulation of formation attenuation is analyzed by comparing the
differences between the material Q values and the inversion Q values of the physical model. The
results show that the simulation parameters of the model are not only consistent with the design

ones, but also of high accuracy. Meanwhile, the attenuation characteristics of the simulated

formation also show consistency with those of the formation in the field.
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Fig. 1 Schematic diagram of different measurement methods
(a) Pulse transmission method; (b) Pulse transmission

insertion method.
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Fig. 2 Experiment of diffraction effect correction

(a) Amplitude spectrum of 12 mm length and 50 mm length aluminum samples; (b) Amplitude spectrum of 50 mm length and 100 mm

length aluminum samples; (¢) Uncorrected and corrected spectral ratio of 12 mm length and 50 mm length aluminum samples;

(d) Uncorrected and corrected spectral ratio of 50 mm length and 100 mm length aluminum samples.
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Fig. 3

Measurement results of lucite using pulse transmission method and pulse transmission insertion method

(a) Lucite sample and aluminum sample signal spectrum; (b) Spectra of signal in cases without sample and with inserted sample;

(¢) Amplitude ratio (uncorrected Q is 65,corrected Q is 80); (d) Amplitude ratio (uncorrected Q is 88, corrected Q is 79).
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Relationship between mass ratio and velocity of attenuation material

(a) Modeling sample; (b) Waveform; (c¢) Normalized signal spectrum; (d) Velocity data and fitted curve.



12 1 o W S5« 3 )2 0 D AR AL Y R ) AR 5025

0.4 . : . - . - : - 0.15
(a) (b)
0.3f 1
1 1 0.10r 1 I
i : : ] | 1
0.2 - ; | !
1 1 0.051 1 1
» 0.1 1 1 1 » 1 1
E J L ! E I [
£ 00 t + = 0.00 i VT
£ | 1 5 | I
b -0.1 ! ! 1 1 1
I I -0.05[ X ,
02 ! ' . 1 1
-0.10} : !
-0.3 1
0.4 L ' L . . . . . 01501 . L . L . . .
0.035 0.040 0.045 0.050 0.055 0.060 0.065 0.070 0.055 0.060 0.065 0.070 0.075 0.080 0.085 0.090
t/ms t/ms
1.0 T 3.0 4 T
> © — No sample | (G - - Uncorrected
0. - - Inserted sample 2.51 --- Corrected
0.8 i — Curve fitting
2.0r
0.7 1
8 06 1S
2 I
=05 1 < 1.0
E | =
< 04 0.5
0.3 . ]
N 0.0
0.2 \ 1
N
0.1 . | -0.5
0.0 . = 1.0 . . :
0.0 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
£/MHz f/MHz

Bl 6 B vk TSR B R 1B B 0. 0D Q i (RXIEHT Q=60, K IEJ5 Q=51)
(a) EHEMEWARES: () HAREREBGES; (O FEESHIE: (D XEIRIE R G HLE.
Fig. 6 Q value calculation of model 1 using spectral ratio method (uncorrected Q is 60, corrected Q is 51)
(a) Attenuation signal without sample; (b) Attenuation signal with inserted sample;

(¢) Amplitude spectrum of attenuation signal; (d) Amplitude ratio and fitting curve.

T T T T T T T 70 T T T T T T T
65f (a) ® Measured data 1 (b) B
*e - - Fitted curve: Q=mxe"? ol
60[ %q 1 60} ~
«® o o’
N\ .
55t {! ’/‘
8 N - 7
50 e, S0t P
Q457 \.\ 1 <)) o’
I PR
40t LIS 1 401 »
DR oo
351 ® .0;3.\0\ ® ,'.’:.
30 L T g 30F o
o0 K . 2 ® Measured data
25y ®e 2] Lgo™ = = Fitted curve: Q=axV*
20 L L L L L L L 20 L L L L L L L
0.00 0.05 0.10 0.15 0.20 0.25 030 0.35 0.40 2.0 2.1 2:2, 23 2.4 225 2.6
Mass ratio (silicone rubber/epoxy) Ve/(km-s™)

B 7 AR R S A B
() RS QEXF; (b EEMEHES QXK.
Fig. 7 Measured data of composed material and the fitted curve of the data

(a) Relationship between mass ratio and Q value; (b) Relationship between velocity and Q value.
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Table 2 Design parameters of physical model

T 1 2 RF/km Vp(km+ s 1) it QA
1 2.45 50
2 2.4 45
3 2.3 40
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Fig.8 Physical model
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Fig. 9 Model sample signal and spectrum

(a) Signal; (b) Spectrum of signal.
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Table 3 Measured parameters of physical model

i fiE P B fiE
wE <1Yni 'Liri) (lj:/nj ii5?1) (g -)Lzucrriﬂ) B QI
1 2.451 1.098 1.169 51
2 2.383 1.079 1. 152 44
3 2.269 1.019 1. 146 41
4 2.132 0. 946 1.133 35
5 2.023 0. 905 1.118 27
6 1.90 0. 830 1.1 17
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Fig. 10  Seismic physical model acquisition instrument
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Fig. 14

Signal of the stack data, spectrum and spectral ratio of the first layer

(a) Waveform of stack data; (b) Amplitude spectrum of reflected waves; (c¢) Amplitude ratio and fitting curve using stack

data (Q value is 53, determination coefficient is 0. 91); (d) Amplitude ratio and fitting curve using the 11" trace (Q value

is 50, determination coefficient is 0. 70).
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Table 4 Measured and design parameters of the near-surface physical model

iS5 RS
AL 4 J
Ve(m=« s~ BHREFmm Q RERY LR Ve(mes™) #HE(gem ™) Q
W ERZ 1 2000 10 10 WA R D 2050 1.23 11
U K2 2 1400 10 20 P R (1:0.9) 1351 1.08 16
PR E 3 1800 10 10 R RERRBE (12 0. 45 %0 Rk A% A iR 1847 1.10 8
R 2 1 2000 88.3 25 P4 REAR I (120, 4) 2058 1.113 25
4D 2 2 2200 16 40 PR RERR R (1:0.2) 2261 1.141 37
BB H 7 1 2400 1.6 ~ 32.5 45 P4 AR (120, 15) 2346 1.149 45
BB 3 2 2900 1.2 ~32.5 80 WA D 2902 1.596 75
R Z 3 2600 157.6 60 WA B g 2608 1.171 60
AL 2 4 2900 85.1 80 WA AR D 2902 1.596 75
x5 MNERKSH TIE 58 42— 250, F 32 5 16 A5 400 58 A0 b J22 W s o B
Table 5 Parameters of observation system B AR BIAR L. S T dF— 25 56 30 4y PR 0 o 8 )
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R 0.3 MHz 60 Hz 17 Q L 6 35 S I Q M5 B 0 B Q 1
ke s s RUBE I Q (D HEAT X He - BLIED 1970 FHLASLi L 7 4
R 0 o REVERKIEAT S0 Q (AT . R T A 46 2 30 2 i i A
. o o 3 R B P HE R Q 5 BRI Q (T
BB 20 100 DU S B M R Q (R AL /NI o & 22 ] AH 22 %5
Tt Ak 1096 1096 AN R R Q fE BRI (CRTF 50) . P # Z Al 47
K B I 1 0.2 ps 1 ms TE— B2 M 2ZETE 2000 2o 4. X PP 22 5 EE B K
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and Q value from calculation on model material
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