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Fig.3. Schematic display of the ground attenuation

measurement using PS-logging method.
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Table 1. Specification of the acquisition systems.

MiniVib Theoretical peak force|

2,722kef

(Source:P- and S- wave) [Holddown Weight 4500kef
Frequency range 10Hz~550Hz
Length 6.05m
Width 2.29m
Hight 2.38m
Total weight 7.610ke

Geologger3
(Data acquisition system)

System configuration

Brehole Shuttle acquisition module
System controller

Num. of channels

9 channels + 4 channel (analogue)

Sample interval

0.05, 0.1, 0.25, 0.5, 1.0, 2.0, 3.0, 4.0, 5.0msec

Num. of samples
A/D conversion

29,000 samples
16bit sigma—delta

Preamplifier 1,100, 1k, 10k
Data format SEG-2
Borehole Shuttle <Data transmission>
(Borehole receiver system) [Num. of channels 9 channels

Sample interval

0.05, 0.1, 0.25, 0.5, 1.0, 2.0, 3.0, 4.0, 5.0msec

Num. of samples

29 |

A/D conversion

16bit_sigma-delta

Preamplifier 2, 200, 2k, 20k
Diameter 50mm
Weight T.1kg
<Receiver>
Receiver 3 h (10Hz)
Num. of receivers 3 receivers
depth 1,500m

Borehole diameter

66mm~100mm

Diameter

51mm

Weight

Likg

Table 2. Field acquisition parameter.

Hard rock site

Sweep range 10-60Hz (Linear sweep)
Sampling interval 0.5 msec

Sweep duration 6.0 sec
Recording time 8.0 sec

Source distance 40 m
Measurement range Om~340m
Measurement interval 2m

Soft rock site

Sweep range 10-60Hz (Linear sweep)
Sampling interval 1.0 msec

Sweep duration 14.0 sec
Recording time 16.0 sec

Source distance 9.0 m
|Measurement range 500m~1000m
Measurement interval 5m
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Fig.7. Field acquisition systems (Left: Minivib source, Middle: Borehole shuttle, Right: Winch).
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Fig.8. S-wave original data (left top), S-wave muted data (left down) and relative amplitude distribution calculated by maximum

amplitude method (right).
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Table 3. Q-value calculated by maximum amplitude method.

S-wave
Depth(m)| velocity | Peak freq. Qs(h%)
(m/s)
0|32 640 26.8 6.8(7.4)
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Fig.9. Q-value calculated by spectrum amplitude method.
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Fig.10. S-wave original data (left top), S-wave muted data (left down) and relative amplitude distribution calculated by maximum

amplitude method (right).

Table 4. Q-value calculated by maximum amplitude method.

S-wave
Depth(m) | velocity Peak freq. Qsh%)
(m/s)
500 685 850 34.5 20.3(2.5)
685| 745 2650 32.8 6.9(7.3)
745 | 1000 2970 29.5 32.4(1.5)
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Fig.11. Q-value calculated by spectrum amplitude method.
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Table 5. Q-value calculated by maximum amplitude method.

S-wave Minivib Plunk-hammering
Depth(m)| velocity

(m/s) Peak freq. Qs(h%) Peak freq. Qs(h%)
0 | 32 640 26.8 6.8(7.4) 25.5 7.3(6.9)
32 | 96 1480 23.7 7.9(6.3) 22.9 7.5(6.7)
96 | 150 1820 24.4 10.4(4.8) 23.5 7.7(6.5)
150|178 | 1680 24.7 9.1(5.5) 23.3 18.8(2.7)
178 | 340 2160 24.6 30.9(1.6) 23.9 51.5(1.0)
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Fig.15. The result of Suspension PS-logging (left, S-wave)

and the theoretical transmission coefficient (right).

Table 6. Effect of the Scattering attenuation.

Depth: 178m~340m Qs
Homogeneous model

(Results) 03
1m_model correction
2m_model correction 162.2
5m_model correction 91.1
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Evaluation technique of the ground attenuation property by using a
PS-logging method

Dai Nobuoka *, Hiroyuki Azuma”* and Masaaki Oba™

ABSTRACT

The evaluation of the attenuation property by using a PS-logging technique, which uses an artificial

source, was reported based on the case studies. The main benefits of this method are that it is a convenient,

cost effective, and highly accurate system. An artificial source is set at the surface that generates seismic waves.

These waves are then recorded by the borehole receivers, which were installed in the borehole with high

density. The recorded signals are analyzed and the attenuation properties of each velocity layer are calculated
in detail. This method can also evaluate attenuation properties as a function of frequencies. After showing an
overview of the characteristics of the attenuation properties and the analysis method of using the PS-logging

technique, we then show the case studies of the Q-value investigation, which are implemented at a hard rock

and soft rock site. In these case studies, we showed results which were conducted by using a Vibrator as the

source. The results of the investigation show that we can acquire data with high S/N and can evaluate the

attenuation properties of each velocity layer in detail. We also showed that the Q-value, which was acquired

using the PS-logging technique, contains the effect of wave- scattering caused by fractures in the rock.
Evaluating attenuation properties through the PS-logging technique is useful in obtaining attenuation

property in detail.
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