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Development of High Resolution Multichannel Seismic Data Acquisition

System with Shallow Marine Source and its Field Application
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ABSTRACT

Shallow marine seismic reflection survey 1is very useful to be for
engineering applications such as pipeline or cable installation, investigation
of geologic structure, and exploration of marine resources. The digital and
three-dimensional high resolution multichannel seismic data acquisition
technique has been applied to improve the resolution and quality of shallow
marine seismic data.

In this study, we have developed the high resolution multichannel
seismic data acquisition system and shallow marine seismic source. It 1is
easy to operate and handle our source system which utilizes piezoelectric
transducer of high electrical power. According to water depth, survey
condition and purpose, transducer number of source system can be easily
changed in order to maximize field applicability. In the recording part, we
used 24 bits and 8 channel high speed A/D board. Therefore, we could
achieve the improvement of data quality and the efficiency of data
acquisition.

The developed system was tested and varied with the data acquisition
parameters such as source-receiver offset, and transducer number versus
water depth. The optimum data acquisition parameter was presented from
the comparison with the obtained seismic data. For the purpose of
enhancing and improving the data quality and image resolution, seismic

data processing technique was applied to the obtained seismic data such as
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deconvolution, swell filtering, and band-pass filtering.

Key words : shallow marine seismic reflection survey, high resolution

multichannel, seismic source, field applicability
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Fig. 1 Representation of high—resolution seismic survey
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Table 1. Outline of the developed data acquisition system

Uni-Boomer(Transducer 1)
Source Dual-Boomer(Transducer 2)

Tri-Boomer(Transducer 3)

Amplifier

Recording instrument
8 Ch. & 24 bits resolution board
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Table 2. Data acquisition system

Survey vessel A-Chi
Source Boomer(Uni-Boomer, Dual-Boomer, Tri-Boomer)
Control system QPS-544 Quad-Pulser Transceiver

Signal conditioning | Amplifier

Receiver 1 channel streamer

Recording instrument | Z-tam(Z-Dolphin, A/D 24bits),

(software, A/D) CAP-6600 chirp II workstation(chirpIl, A/D 16bits)

Positioning system | Garmin DGPS




110087, o ianals
Pulse 9na% | Recording System
A/D 16 bits
Trigger
Pulse
Electric Generator Transceiver »| Recording System
A/D 24 bits
Trigger R .
Pulse Signals Amplifier
Signals
Y A
Boomer Streamer

Fig. 2 Schematic diagram of data acquisition system
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Fig. 5 The developed recording instrument
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g olE (raw data)E & F Y= 29

m Pr i 03 9 ] |54

FILE Mew ModeSelect ‘Window Help

(wiESex  (ENE | (amEE) i | 50 |

B = ] e e 9

BURST NUMBER : 2631  ALTITUDE: | 0.00m MARK CONTROL DISP.START: | Im v GRAY
D BURST NUMBER: | 2050 _ SPEED: | 0.00 DISP.END: | i0im :
OPER. RANGE : 375.00m MEMORY : 263% I | b — LiED
CURRENTGPS || N O00° 0'00.00" | E000° 00°00.00" olF | AP THRESHOLD: [ 5 | SRID A
Ready [Sitart: ¥i2004 M1 10D:22 144258 |[Curren Pos, Tirme: 16:17:03 [ Documenis and SetingsWsonariashWhly Docun

Fig. 6 Screen capture of seismic data acquisition software
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Table 3. Data acquisition parameter for field test

Survey area Marine Police Ha-Ri

Line Name Line A, B Line C, D
Survey vessel speed 4-5 knots(2.062-2.5775 m/s)

Source Boomer(uni/dual/tri)

Shot interval 0.5 s

Preamplifier 30 dB 20dB
Recording instrument 16 bits 24bits 16 bits 24bits

Sampling interval 0.1 ms 0.01 ms 0.1 ms 0.01 ms
Record length 409.6 ms 500 ms 409.6 ms 500 ms
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(e) tri-boomer data (f) frequency spectrum of (e)

Table 4. Frequency characteristic with respect to the number of transducer

The number of
Frequency range(Hz)

Max. frequency(Hz)

transducer
1 250 - 1,600 850
2 300 - 1,500 710
3 300 - 900 480
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Fig. 22 Deconvolution effect of dual-boomer data

(a) before deconvolution (b) after deconvolution
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APPENDIX 1

Fig. 1 Boomer system(left : quad-pulser , right : transceiver)

Table 1. Specification of boomer

Model Benthos SPR-1400 Quad Pulser
Frequency Narrow band, 400-Hz pulse
Source Level 2060 dBrel pPa @ 1 m

Tow Cable Length 50 m

Towing Speed 3~5 knots
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Fig. 2 Streamer

Table 2. Specification of streamer

Model BPH-540 Hydrophone Streamer
Active Section Length 10 m

Leader Cable Length 50 m

Hydrophone Array 32 element

Preamplifier Gain 20 dB
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Fig. 3 Amplifier(top : front, bottom: back)

Table 3. Specification of amplifier

Size 435(mm) x 132(mm) X 410(mm)
Weight 5 kg
The number of ’ )
. ) 8 Ch.(3 Ch. installation),
signal input/output 1 _
BNC connecter installation

channel

GAIN : 0 - 60 dB

TVG : 0 - 7 levels(each level 200ms increase)
Input characteristic - TVG delay : 0 - 256 ms

Input range : +£12 VDC, <10 KHz

Filter : 100 Hz - 3.5 KHz Bandpass

Max. output : *12 V, 10 KHz
Output characteristic| - Offset : £0.1 mV

Max. electric current of output : 20 mA(+12 VDC)
Power AC 110 - 240 V, 05A
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Fig. 4 Recording instrument(left : body, right : software screen capture)

Table 4. Specification of recording instrument

Size 558%558x558(mm)
Weight 41kg

Operating system Windows 98

Host CPU Pentium

Memory 32MB RAM

A/D converter 16 bits

Screen resolution 1280x1024, 256 colors
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Table 5. Specification of manufactured recording instrument

Size

483(mm) x 470(mm) x 177(mm)

Weight

15 kg

Operating system

Win 2000 pro

Main board GIGA Byte GA-18IPE(865PE) (USB 2.0 support)
Memory Samsung DDR 512MB

VGA SUMATX 5200V (128MB)

HDD SeaGATE 40G 7200RPM (IDE Type)

FAN 12V (BP601012M) 0.16A

A/D converter

NI4472 Resolution 24 bits

Power

AC110/220

Input/Output

Monitor Samsung 15“ LCD (TT)
Cx171NM wide monitor

Table 6. Specification of A/D converter NI 4472

Analog inputs 8
Resolution 24 bits
Sampling rate 102.4 kS/s
Input range £+ 10V

AC cutoff frequency 3.4 Hz
Digital trigger compatibility 5V TTL/CMOS
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