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Synopsis

A fundamental experiment has been performed to test feasibility of the long-term sustainable

seismic reflection survey of underground activity in the depth of Aira Caldera. The experiment

is the first attempt and is designed as peer-to-peer operation of a seismic source and a seismic

array over the caldera. The purposes of the experiment are proof of seismic penetration of

the selected source device, a clustered airgun, down to depth of the caldera through stacking

seismograms. Several source parameter sets were tested. The most effective parameter

set, 1050 cui chamber, 2000 psi and 10m depth operation, which was the smallest chamber

size among the sets, has chosen as basic parameter set of consecutive experiments after

considerations on the result.
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Fig. 1. The seismic experiment 2020. The origin of the coordinate system locates at 33.0N, 131.0E. A thin

cuve is coastal line and a broken line indicates the rim of Aira Caldera. A star is the shot point SUM. The

closed circles are the seismic array KOMA and a thick crosses are permanent stations. The thin crosses are the

temporary stations.
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FOBBIORER, AUFIEOIRIFLE B ITIIEMRF 2RO
SR B CIRE 2R AT H T o2 Wz, =
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Fig. 2. The shot point SUM. Coordinate system is same with that of Fig. 1. Thin curves are contours with 10

m interval. The thick circle is the typical coastal line of the lake. The closed cubes are velocity seismometers

SUM1~6. The open cube is an accelerometer SUMKI.
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Htom L IF Ly (] 213 Laws et al., 1988;
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> 1 A (Fig. 3b: Teledyne BOLT #L:#! 1500LL A
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=7 # > 1 (Fig. 3c: Teledyne BOLT £L44 1500LL
A F e N—FE350cui (57U v R) X 3
K) L THERT AT A7 T AL (Fig 3d) &k

Table 1. The source parameters. the parameter codes and theoretical radiations for a
shot (Hatton and Haartson (1990) are also described.

Gun
Volume|Pressure Y Radiation|Interval| Performance
Code . ) depth Shots
(cui) (psi) (k) (s) (MJ/hour)
(m)

AAA 2550 2000 10 70 180 1.4 224
AAB 2550 2000 49 180 0.99 153
ABB 2550 1000 12 75 0.48 9
BAA 1050 2000 10 36 90 1.7 49

Airgun B
c =
Q Airgun D

Airgun A

350 cui

1500 cui

Top view Side view

(c)

Fig. 3. Configurations of the shot point. (a) A pontoon for the operation. (b) 1500 cui airguns provided by ERI,

U-Tokyo.. (c) A set of 1050 cui airgun sub-array. (d) Geometryof the airgun cluster. (e) A high performance

compressor in the right, and a manifold in the left.
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Vaccaro and Noble, 1993; Amundsen and Landro, 2010);
Ty N R, =T HUKE, (EEE. b
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Fig. 4. The seismic array KOMA and the seismic line 2014Y. (a) The closed circles indicate the stations with
both a borehole and a surface 3C seismometers. The stars are shotpoints for the line 2014Y. The open squares
are the receivers for the line 2014Y. The crosses are the seismic stations included in Tsutsui et al. (2016). A
black short bar is the portal of the tunnel KOMT. (b) Structure of a BKOM/SKOM station.
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Fig. 5. The source waveforms. (a) Wiggles for each source parameter set. (b) Cumulative energy. (c)

Envelops and their ratio at BKOM3 in KOMA.
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Fig. 6. Frequency components for each source parameter set. (a) AAA, (b) AAB, (c) BAA, and (d) ABB.
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Fig. 7. Waveform variation in correlation through the operations. (a) AAA after tuning. (b) AAB. (c) BAA, (d)

AAA under tuning.
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Fig. 8. Obtained seismograms. (a) Filtered seismograms for a shot of AAA. (b) Filtered seismograms for a
shot of AAB. (c) Filtered seismograms for a shot of AAB. (d) 40 stacked filtered seismograms of AAA. (e) 40
stacked filtered seismograms in AAB. (f) 40 stacked filtered seismograms in BAA. (g) Improvement of S/N ratio
through the progress of stackings.
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Fig. 9. Distal seismograms after 40 stackings. (a) AAA, (b) AAB, and (¢)BAA in the SVO seismic network. (d)

Distribution of p-p amplitude in first arrival.



Fig. 10. Beamforming processings. (a) Single component beamforming. (b)
Multi-component beamforming with extended semblance.

Fig. 11. Slowness maps (back azimuth) for AAA. (a) Window at 5.0s, (b) at 8.5 s, (c) at 8.6 s, (d) at 8.6 s, (e)
at 8.7 s, (f) at 8.8 s, (g) at 9.0s, (h) at 9.1 s, (i) at 9.2 s, and (j) at 9.8s. The shot point SUM is on the direction
of N26.8E deg ( a white arrow on the panel a ).

Fig. 12. Slowness maps (back azimuth) for BAA. Each subpanels a) through j) correspond to the subpanels
with identical label in Fig. 11. The shot point SUM is on the direction of N26.8E deg ( a white arrow on the
panel a ).
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line. (¢) The shot YAST.

Shot records in the seismic line 2014Y. (a) The shot YAS3. (b) The shot YAS2 in the middle of the

Fig. A2. Travel time curves of the first arrivals in the line 2014Y.
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