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Fig.1. Diagrammatic interpretation of Hagiwara’s
method.
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Fig.2. Example of convolution product of two pulses

sequences.
(a) Original pulse sequence which is the input of
convolution.
(b) Pulse sequence of convolution operator.

() Pulse sequence of convolution result.
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Fig.3. Travel-time curves used for computation of
weathering layer thickness in Hagiwara’s

method.
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Fig.4. Example of cross correlation of two pulses

a) [( (c)

sequences.

(a) Original pulse sequence which is the input of
cross correlation.

(b) Pulse sequence of cross correlation operator.

(¢) Pulse sequence of cross correlation result.
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Fig.5. Estimation of the tilted boundary
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Fig.6. Processing flow of convolution method.
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Fig.8. Example of the observed wave record.
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Fig.9. Example of common shot gathers.
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Fig.10. Wave form in the vicinity of first arrival which

is extracted by mute process.
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Fig.11. Time section of first boundary.
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(a) Diagram of offset distances between source and receiver pairs.
Offset ranges used in the convolution process are shown in thick lines.
(b) Time section of first boundary.

(c) Estimated velocity of second layer.

Table 1. Two-way time which was used for convolution process of first boundary.

shot number location(m) TABf remark
two—way time(s)

3 8 7.5 2785 0.107 |mean of two—way time
9] 12 3235 461.5 0.081 |mean of two-way time

13 7 521.5 738.0 0.104 Imean of two-way time

17] 22 7380 7.0 0.122 |mean of two-way time

10 5 382.5 7.5 0.118 |mean of two—-way time
3 6 5215 7.5 0.102 |mean of two-way time
5 9 627.5 844.0 0.141 |mean of two-way time
3| 24 5215 | 10500 0.199 [from travel time of shot number 24
1 3 —133 5215 0.200 [from travel time of shot number 1

location (m)
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@
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0

Fig.12. Depth section of first boundary.
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Table 2. Table of velocities which was

decided.
shot | location |velocity of 1s velocity of
number| (m) layer (m/s) W Zr}?nlag)er cosé
1] -133 700 3200 0.98
2 6.5 800 3200 0.97
3 375 700 3200 0.98
4 72.5 900 3200 0.96
5 112.0 700 3200 0.98
6] 152.0 800 3200 0.97
7] 2385 900 3200, 0.96
8] 2785 700 3200 0.98
9] 323. 700 3200 0.98
0 382. 700 3200 0.9
1] 4215 600 3200 0.9
2| 4615 900 3200 0.9
3| 5215 800 3200 0.97
4] 5710 600 2800 0.9
5| 6275 700 3200 0.9
6| 6875 700 3200 0.9
7| 7380 800 3200 0.97
8] 791.0 700 2400 0.96
9| 8440 800 2400 0.94
21] 9170 800 2400 0.94
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Fig.13. Example of common shot gathers which was
used to produce time section of second
boundary (shot number 1, shot location
-13.3m).
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Fig.14. Time section of second boundary.

(@)  Time section.
()  Estimated velocity of third layer.
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Fig.15. Thickness of second layer.
(a) Normal two-way travel time in the second
layer.

(b) Thickness of second layer.
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Fig.16. Velocity cross section of investigation site.

(a) Depth section.

(b) Interpretation section.
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Analysis of refraction seismic survey using convolution product

Toshiyuki Kagawa *, Toshifumi Matsuoka* ,Takao Aizawa ** and Tetsuaki Hayashi*3

ABSTRACT

Seismic refraction survey has a long history in order to obtain the subsurface structures and velocity

distributions. Among the many methods proposed to analyze the refraction survey data, the Hagiwara's

Method (the reciprocal method) is the most popular and well adopted method. However, the analyzed quality of

the reciprocal and most other methods highly depends on the first arrival times picked at first stage. In this

paper, we discuss a method for imaging refraction interfaces by using convolution method that does not require

picking of first break times. We use the properties of convolution and correlation operations such as the

convolution becomes summation of time delays and correlation becomes subtraction of time delays in the case

of two pulses. Using these properties, the reciprocal method can be performed by convolution of the initial

arrival portion of the forward and reverse profile traces of refraction survey. Since the picked values of the first

arrival times control the quality of analyzed results in refraction survey, picking is not the mindless job, and
the re-picking is often demanded in analytical stage. On the other hand, the advantage of convolution method
is that picking the first arrival is not required. In addition, it became possible to discuss the data quality in
detail, based on the convolved result. In the present study, we actually adopted to analyze data by the

convolution method. As a result, above mentioned merits of proposed method were confirmed.

Keywords: seismic refraction survey , Hagiwara's method , convolution product

Manuscript received July 23, 2010; Accepted October 7,
2010.
* Department of Urban Management, Kyoto University
Kyoto University Katsura, Nishikyo-ku, Kyoto, 615-8540
** Suncoh consultant Co., 1td.
1-8-9, Kameido, Koto-ku, Tokyo, 136-8522 Japan

© 2010 SEGJ

*3  Inpex corporation
Akasaka Biz Tower 5-3-1 Akasaka, Minatoku, Tokyo
107-6332 Japan

A part of this paper was presented at the 111th SEGJ fall
conference, 2004.



	img-206152236-0001_1L
	img-206152236-0001_2R
	img-206152236-0002_1L
	img-206152236-0002_2R
	img-206152236-0003_1L
	img-206152236-0003_2R
	img-206152236-0004_1L
	img-206152236-0004_2R
	img-206152236-0005_1L
	img-206152236-0005_2R
	img-206152236-0006_1L
	img-206152236-0006_2R

