ARG > 2 —dH No.54, “FIK 21 FEInROME - BRI HENFTHRS, p41-59, 2010

Pk i VUSRI 35U B M RERE 5 be SHEMGE IR — 77— 2 I & JUL —

Offshore-onshore integrated seismic reflection survey in the southwest of
Niigata coast, central Japan: data acquisition and processing

M e PR - R 2 - BRI - A BRI B WKIE L
Kyoko Kagohara', Naomi Kano®, Kazuo Yamaguchi’, Toshiyuki Yokota®, Takayuki Go",
Akira Fujiwara® and Nobuyuki Shimizu*

Abstract: The offshore of Niigata, where earthquake source faults that causes the 1964 Niigata Earthquake and the 2007
Chuetsu-Oki earthquake are distributed, is located in the high strain rate belt. However, most of offshore geology is poorly
known due to limit of observation. To obtain the integrated seismic data in and around the Niigata coastal area, we conducted
offshore-onshore seismic reflection profiling across a northern extension of inland active reverse fault along the eastern foot
of Kakudayama. Along the offshore part and the onshore part of the seismic profile, 120ch hydrophones and 180ch geophones
were deployed, respectively. The source used in offshore survey is an air gun array (80 cubic inch), and in onshore survey
is one middle vibrator truck (ENVIRO-VIB) with 10-80 Hz signals. The survey source spacing of both surveys was 5 m,
and also receiver spacing was 10 m. The obtained seismic profiling data were processed by conventional common mid-point
(CMP) methods.
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Fig.1 Geology and seismic lines around the survey area.

The geologic map is after Niigata Prefecture Geological Map Revision Committee (2000). The distribution of

active faults is after Ikeda et al. (2002).
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Fig.2 Conceptual image of offshore-onshore integrated seismic reflection profiling.
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Table 1 Data acquisition parameters for the Niigata 2009 seismic line.
(a) LL line, (b) LM line, (c) ML line, (d) MM line

(a) LL seismic line

(b) LM seismic line

Length of seismic line 3150 m Length of seismic line Off-side: 1200 m,
Receiver parameters Shore-side: 1200 m
Receiver Geoophane, group of 6 Receiver parameters
Natural frequency 10 Hz Receive Hydrophone
Receiver interval 10m Receiver interval 10m
No. of receiver points 316 No. of receiver points 240
Source parameters Source parameters
Source ENVIRO-VIB Source ENVIRO-VIB
Shot interval 5m Shot interval 5m
No. of shot points 576 No. of shot points 203
Sweep frequency 10—80 Hz Sweep frequency 10—80 Hz
Sweep length 13 sec Sweep length
No. of sweeps 4 (standard) No. of sweeps 4 (standard)
Recording parameters Recording parameters
Instruments DSS-12 Instruments Geode
No. of channels 180—192ch No. of channels 180 ch
Recording length 15.99 sec Recording length 15.99 sec
Pre-trigger 10 ms Pre-trigger 10 ms
Sampling rate 1ms Sampling rate 1ms
(c) ML seismic line (d) MM seismic line
Length of seismic line 1800 m Length of seismic line Off-side: 1200 m,
Receiver parameters Shore-side: 1200 m
Receiver Geoophone, group of 6 Receiver parameters
Natural frequency 10 Hz Receive Hydrophone
Receiver interval 10m Receiver interval 10m
No. of receiver points 180 No. of receiver points 240
Source parameters Source parameters
Source Air gun (80 cu inch) Source Air gun (80 cu inch)
Shot interval Sm Shot interval 5m
No. of shot points 1102 No. of shot points 1146
No. of vertical stacks 1 No. of vertical stacks 1
Recording parameters Recording parameters
Instruments DSS-12 Instruments Geode
No. of channels 180 ch No. of channels 120 ch
Recording length 3 sec Recording length 3 sec
Pre-trigger 20 ms Pre-trigger 20 ms
Sampling rate 1ms Sampling rate 0.5 ms
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Fig.3 Land survey equipments.
(a) Receiver. (b) Seismic source (ENVIRO-VIB).
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Fig.4 Sea survey equipments.
(a) Receiver cable, (b) Seismic source (Air gun).
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Fig.5 Flowchart of individual data processing by Common mid-point method.
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Table 2 Processing parameters for the CMP of the Niigata2009 seismic data.
(a) LL line seismic data, (b) LM line seismic data, (¢) ML line seismic data, (d) MM line seismic data

(a) LL seismic line

CMP Sorting CMP interval: 5 m
Gain Recovery Gain: t'?
Deconvolution Gate length: 1000 msec, Operator length: 200 msec

Sliding velocity: 2000msec, Predictive distance: 1msec
White noise scale factor: 7 %

Static Correction Time-term method, Two layers model

Weathered layer (400 m/sec) and higher velocity layer
Velocity Analysis Constant velocity stack, Velocity scan interval: 20 CMP
Trace balance (AGC) Gate length: 50 msec
F-X Prediction Filter Gate length: 15 traces, Operator length: 3 traces
Band Pass Filter 5/8-60/70 Hz

(b) LM seismic line

CMP Sorting CMP interval: 5 m
Gain Recovery Gain: t'?, AGC gate length: 600 msec
Deconvolution Gate length: 1000 msec, Operator length: 200 msec

Sliding velocity: 2000 msec, Predictive distance: 1 msec
White noise scale factor: 7 %

Static Correction Time-term method, Two layers model

(shot statics) Weathered layer (400 m/sec) and higher velocity layer
Velocity Analysis Constant velocity stack, Velocity scan interval: 16 CMP
Trace balance (AGC) Gate length: 100 msec
F-X Prediction Filter Gate length: 15 traces, Operator length: 3 traces
Band Pass Filter 5/8-60/70 Hz

(¢) ML seismic line

CMP Sorting CMP interval: 5 m

Gain Recovery Gain: "2

Pre-Filter Band Pass Filter 5/8-80/90 Hz
Deconvolution Gate length: 2000 msec, Operator length: 200 msec

Sliding velocity: 1500 msec, Predictive distance: 1 msec
White noise scale factor: 0.5 %

Static Correction Time-term method, Two layers model

(receiver statics) Weathered layer (400 m/sec) and higher velocity layer
Velocity Analysis Constant velocity stack, Velocity scan interval: 40 CMP
Trace balance (AGC) Gate length: 300 msec
F-X Prediction Filter Gate length: 15 traces, Operator length: 3 traces
Band Pass Filter 5/8-60/70 Hz

(d) MM seismic line

CMP Sorting CMP interval: 5 m

Gain Recovery Gain: "2

Pre-Filter Band Pass Filter 5/8-80/90 Hz
Deconvolution Gate length: 2000 msec, Operator length: 200 msec

Sliding velocity: 1500 msec, Predictive distance: 0.5 msec
White noise scale factor: 0.5 %

Velocity Analysis Constant velocity stack, Velocity scan interval: 40 CMP
Trace balance (AGC) Gate length: 300 msec

F-X Prediction Filter Gate length: 15 traces, Operator length: 3 traces

Band Pass Filter 5/8-60/70 Hz
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Fig.6  Example of the LL line shot records.
Shot record at SP.603 (a), SP.800 (b) and SP.1199 (c) are shown with 4 fold vertical stacks and trace balancing.
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Fig.7  Example of the LM line shot records.

Shot record at SP.603 (a) and SP.700 (b) are shown with 4 fold vertical stacks and trace balancing.
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Fig.8  Example of the ML line shot records.
Shot record at SP.561 (a) and SP.1 (b) are shown with trace balancing.
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Fig.9  Example of the ML line shot records.
Shot records at SP. 120 (a) and SP.440 (b) are shown with gain recovery. Left: Off side spread, right: shore side
spread.
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Fig.10  Niigata 2009 seismic survey line and CMP stacking line.

The green line is the Niigata 2009 survey line and green numbers are receiver point numbers. The blue line is
Niigata 2009 CMP line and blue numbers are CMP numbers.
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(a) Time-terms, (b) Velocity structure, (c) Topography and depth structure of weathered layer.
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Table 3 Processing parameters for the integrated CMP data.

Time Correction
Offset Limitation

Residual static correction

Velocity Analysis
Band Pass Filter
F-X Prediction Filter
Post-stack Migration

LM: -4 msec, ML: +10 msec, MM: +6 msec

LL: 0-1500 m, LM: 0-1500 m, ML: 0-1500 m, MM: 0-1000 m

4 msec

Constant velocity stack, Velocity scan interval: 40 CMP

5/8-60/70 Hz

Gate length: 15 traces, Operator length: 3 traces

Kirchoff migration

Velocity scaling: 0-1sec=70 %, 1-2sec=90%, 2-3sec=80%
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