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Synopsis
A seismic experiment with using an airgun pit is reported. The seismic experiment was one
of a series of the pilot experiments for Time-lapse Seismic Volcano Monitoring (TSVM),
which includes airgun blasting in a pit which is constructed in pumice layers in Sakurajima,
south Kyushu. TSVM aims active monitoring of magma or volcanic fluid movement with
using controlled source seismic method. The funnel shaped airgun pit with 10 meters depth
and 2.5 meters diameter was provided with heavily reinforced concrete. Seismograms were
obtained in the range up to about six and half kilometers. Seismograms were significantly
different from those from reservoir shootings, even in near field. Relative body wave

efficiency and the final state of the pit are presented.
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The test seismic pit KURP and a seismic network. a) KURP, the permanent (open circles) and the temporary

stations (solid circles) in Aira Calder. b) the local network. Coordinate system is based on the domestic UTM system

whose origin is 33.00000° N, B 131.00000° E.
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Fig.2 The test seismic pit KURP .
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Table 1 The construction work

Start — 10th day Excavation work
_ e 1 it e > —
70— MTB, $KiflA, BEECE, 2> 7 ) — ] 13th~83th day Construction work
EA | 7%= =] = — N
B MESL, SRS B LR, 2 2 Y §5th~86th day Filling water

— MEATER, OV A 75 EL Dz I N,

Fig.4 The test seismic pit KURP. a) Filled state before the experiment. b) Under the operation with a pontoon.
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Fig.5 The airgun array. The airgun array comprises three units of Model 1500LL with

chamber size of 350 cui. Each unit was assembled at the ends of 1.23 m triangle frame.

Fig. 6 Two bomb pallets with 19.6 MPa 200m?

— 133 —



3. FHiIREER

3. 1 RREE

SERFEIR I XA S 023) D FEER & F U H ko
1500LL B1= 7 77/ (Teledyne BOLT #:%) 350 cuix3
%, KK 5 1 m OLE I L THv 7= (Fig.5).
I T AV EEEIET v VN R 350 cui D 1500LL = 7
HVHEEE 1 123m DIE=MBOEMICR S X5 I
HABEDLREI-ZTH Y TLATHE., T/, =T HV
FH 1S miciz= 77 v RIRZ BT 2 20 oinEi
4 Fu 74 v (LUFTNFH &FRT 2) 28 AF T R
TWn3,

ITAHVEAEBRICIE 25t 7 72— L —VvEA
v, KB T ORBE R D KR O % W F B PR IC
FI=TvAh—IcBLEr—TRH W, (EEROR

e LTEH52021;2023) THWZZ 6m U DR v Y
— VRS R, B, OREGTEERRE R R
IKBLIZKAEIE > S 8.9 m & TH o 7z.

75O T Ay OfFEICE, Ho2LOMEL
TEEEEH AT A% 19.6 MPa (284 psi) THRIEL 72+ v
REBEAA B A DA T 200m* DE Y A — Pk
L7zboz 27z, K _H— VL% Fig. 6 IC/R
T RYRA—=FILOF AW Z LD T L Fa
L—RXCITH Y ~DAETE % RE L 72,

¥, TTH VDT ¥ v AFKEOREICIHIEGIIC
cui (cubic inches) , HEJIZRBLICIE psi (pounds per square
inches) & W 5 B B W H L TH D,
=0.01638706 X 103 m?, 1 psi=6.895%X 10> MPa T 5.
DBECiIZ0F E cui 5 v v A NEEDOHANL, psi 2 1F
PEDOHLE LTHWwE Z LicT 3.

1 cui

Fig. 7 Level sensor (Model MJ-WL11-20, serial:F20061805. Diameter:

28 mm), and the guide pipe model VP30 at the top left.

Table 2 Shot time. All time stamp at Dec. 20 2023.

50 cui(5.7L), 800 psi(5.52 MPa)
13:42:12.650
13:47:46.786
14:35:49.850
14:37:48.166
14:41:18.186
14:42:52.578

+ 350cui X2 (11.4L), 800 psi(5.52 MPa)
» 15:02:08.290
+ 15:03:53.666

+ 350 cui X3(17L), 800 psi(5.52 MPa)
+ 15:09:20.234
+ 15:11:31.858

. « & & & & = @

. & s

350 cui(5.7L), 1500 psi(10.2 MPa)
15:23:26.838
15:24:42.362
15:26:20.010
15:27:56.114
15:29:03.010
15:30:12.198

350 cui X2(11.4L), 1500 psi(10.2 MPa)
15:32:01.426
15:38:16.862

350 cui X3(17L), 1500 psi(10.2 MPa)
15:41:43:918
15:47:11.486
15:59:50.202
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Fig. 8 Shooting system with the local seismic network system.
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Fig. 9 Far field vertical seismograms. a) On a tripe (full volume) shooting at 1500 psi. (b) Filtered 2 — 10 Hz and full
stacked seismograms. Each seismogram was normalized with its maximum. Distances are shown at the left end. Shot mark

is at 0 second.
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Fig. 10 Filtered middle range three components seismogram sets for full volume and 1500 psi. 4 — 15 Hz band pass
filter was applied. Aligned order from the top ; stations BROM1-7 at approx. 3.8 km, station KUR in the borehole, station

KURT1 at 90 m, station KUR2 at 1.15 km. Each seismogram was normalized with its maximum. Shot mark is at 0 second.
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Fig. 11 Local range seismograms for the fill volume and 1500 psi shooting. Alignment order from the top; Solenoid

valve signal, near-field hydrophone (NFH), 50 m station set (three component), 20 m station set (three component),

auxiliary near field hydrophones 1 — 4, 90 m station set (three component), another 90 m station set (three component),

and Low frequency microphone. Each seimogram was normalized with its maximum. Shot mark is at 0.1 s.
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Fig. 12 Three component seismograms at 90 m station (KURT1) on 1500 psi pit
shooting. a) single volume shooting. b) double volume shooting. c) full (triple)

volume shooting. Vertical, NS, EW components are aligned from the top in each

panel.
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Fig. 13 Three component seismograms at 102 m station SUMI on reservoir

shooting with full volume and 2000 psi shooting (Tsutsui et al., 2023). Alignment order

— 138 —



Fig. 14 i W TX 0.18 - 025 B o X[H(@a)Tid Lk
THS ORESEBR L, LI PIEOFIRERL T
V5,025 AHECIKTFEINERT 5 X 517 528,
COEHD 0284 FICITHEEAFRT 2. KiEb)o
0.33 FYLARE IZACE B 70 03 8 L S I 7 R B 23k Aot
FTHMEALD L. I KR T NG 0.9 BT
TIHIRIET AN REEICIRE) 35 SIHID 2 X7 7K

FaRERX S RZ b3, $74bH KURL (90 m)
STl P AR CH 2 0 3WIB D BRI T, H
PR TE R AR KT AY iR 3 2 IREN 3 ek L T v
5. 2D LhoAFENKS 0 RS 5 B 3
FHR DR ICHS L TWBE T EIREEI NG,
HAEIRETE] o (i R I Z IR IR BEME S K % < 72 5 & —JHBEE
TH5. 1.15km Hisi (KUR2) CEUH & 7= 0 % IR

—

E N A =
KURP
0.0 Ch. 27 Ch|_ 26 ChJ_ 25
. | (a) NiCh.28) Uich.zs) Uich.2s)
02e ] _ 3 = (@) 5, j >J
0.33 = —
T e w1 I LR S 8
g = 1
D:T4 . 'E__r__ __—________ — (‘u) (b) MCh26) LK Ch.26) U[Ch25)
0.82— e == 2 ®)
r[llg.DS ] ’-:_____:n = i —::_:- ( Startn_-_h—x/-\:—, o Ee =T L
. —_ c—:_jj :—}—__ _:____-_,:'-‘ (f) [End \Jl 1Ch .J.r.a\‘-j--z Ch.2T) G {Ch.28)
123 —— - ___:___, -
n 3 ‘:._f)) .C:_-__‘:i (C) M[CH.26) LfCh.28) LCh 25
1.64— 7 — — Stan (\
4 C_:__\____ = e )
1 - (g ) ‘I:I JChETi /ﬂ Ii'fn.zr:n\\\‘-_:‘?'..r.m
1.94_1 < < End
2.0 ? {f é
: s C;_::‘ 23 (d ) M[CH.2H) LfCh.28) L{Ch 25
1 Start (,_\
T g 2 ? l / feham QL/ *[cn.a;[\/j Nonzm
— < End
: ¢ é “n
4 {_,% (e) W(Ch:26) LXCh.2%) UjCh 25)
4 > Start
30 m \;II [ /_—“ﬁ}:t‘r?!ii\;“f’"ﬂ_‘ﬁtn.ax: \‘.5? Mena
1 End .-
: é (f) M{Ch26) LECh.2%) U[Ch25)
n Start
: < ]JE ; j E:t:—?r&.:% ﬁ(;n.ax:@‘ﬁtr.?ﬂ
: ¢ )
40 § !
_ . l
] ) a ) ( g) HiCh g chas Wenas
4 J' Sitart
| D
] End
| N 3
] / k )
: X : |
{5] : s.la'zz L 5.|31=1 '| 4lzz=:

Fig. 14 Three component seismograms and instantaneous ground motions at 90 m station KUR1.
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Fig. 15 Three component seismograms and instantaneous ground motions at 1.15 km station (KUR2).
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Fig. 16 Vertical seismograms at approximately 100 m. a) one shot equivalent vertical seismogram at 102 m station

(SUM1) in the reservoir experiment (after tsutsui et al., 2023), b) a vertical seismogram at 90 m station (KUR1) from a

pit shooting.
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Frequency components of the pit shooting at KURP and the reservoir shooting. a) Amplitude spectrum of 800

psi (5.5 MPa) shooting. b) accumulated spectrum of the panel a, c) Amplitude spectrum of 1500 psi (10.4 MPa), d)

accumulated spectrum of the panel c.

et al. (2023).

2023 2000 psi” is a single shot equivalent of the reservoir shooting after Tsutsui

— 141 —



R — SR I L < h 3.

Fig. 14 DR FHBFOBIZE L Y 0 205 0.5 o X[HIX
P EAHEBL TV EEZ LN, DX
5 T /KAE N FER D BLHRIE D 13 5 23K FEIR D 2
NEV/NE v, T 51T DX KRR I3 1E
BEAE > THIRIEDOZAPEE TR A EH
INs.

D E KB FEIR & B oK FEAIR o Tl 77 O JEI AR 5>
DI % Fig. 17 IC/RT.

Fig. 17 TRRKMPFEIRDIE 9 2 HKFHIR X 9 B
BRI < 7 A, KIS NFIR T EBE
DKL 75 B & BJERREUR 53 D HHSIE A3 < 7 B fd 1)
BRZFON5. O Sel o 4 RHTE O Bl T
DR KL T 2. FEIEMKL 72 % & sllJE 1

Bl oy DHIRIE R < 72 B BR 1IZ ek D B K it IR D
BRICHDRO LN/ Z L TH B DO TIRFEED H >—fF
MAMEATH L EEZLND, SBREERSEL &2
fHA RO NEf oM ETH L L EZLND.
90~100 m M CEEREAEBT 2L EZOLND 0
~0.5's D X[E CHIHERBRICHRIE R ~ 27 Vil %2 5HE
L72% D% Table 3 1Z/R9. 0~20 Hz DR O YRIE A
~ 7 b AERAIE FHE T 5 & AR FEIR(800 psi (5.5
MPa)) DRI R~ 7 b ARRFTEET K FEIR (2000 psi(6.9
MPa))DZ D 0.68 f5TH 5. ILICHELEbND
1~10 Hz O35 T3 KIE R FEIR (800 psi (5.5 MPa)) DR
A~ 7 B OVERFTE BRI FEAR(2000 psi (13.8 MPa)) &
DYRMEA =7+ VHHID 0.44 f5TH o 7=,

7o ¥, [A UK KURP W TR 2 EEEICH LTt

Table 3 Total amplitude spectra in the window 0 - 0.5 s. The same sensor model with conversion factor of 400

V(m/s) are used in the observations. The case of 2000 psi is derived after Tsutsui et al. (2023) .
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Fig. 18 Water level history during a week after 18 Dec. 2023.
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Fig. 20 Crack distribution and maximum pressure distribution. (a) Mapped

cracks. Orenge circles are vertical clacks and gray circles are horizontal cracks. (b)

Maximum pressure distribution derived from the numerical simulation.

Table. 4 Crack distribution.

EEALEY *i?
L;OQ i233 W-N N-E W-S S-E &ftE#H
4.6 5.1 0
5.4 4.3 1 2 3 "6
5.8 3.9 3 1 !
6.1 3.6 4 . 2 a7 o1
6.6 3.1 4 . 1 o | 7
7.9 1.8 8 5 6 5 7w 1
9.05 0.65 8 9 8 10 | 35 1
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Table 5. Shooting environments.

KURP  The reservoir (SUM)
Diameter 2.5m 550 m
Bottom depth 9.7m 20 m

065m  EmEALE

HBRIRAEOEENR LT H Y 7 52 2F 4 X LFEHB
BCh 3., £/, KECBEALTIEZT A VEE (Tow
depth) % 10m &$ 3 &, EHMTIIREIRAKED
50 %ML, KURP TlEFEIREKED 90% AT = 7 77
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Feth i 2 TR B 5.
RERFAIRAIENIC BT 2 =7 7 v BIRIC X 2 KIEN
BETH ) D R & K 2> & JithE & TR AL oLl &
NEHEROFEEHL 2T 57201, &lHh%E
BHONRE T 57505k % T Table 6 OEECEH
FICBHEED Y 2 2L —v a v afTo 7.
IKIEABLHIRE D & 2 2 b — v a VIR B iiEE
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0.65m EfESEH

_065N005
065N006

~ 065N004

Fig. 22 Examples of the cracks around 0.65 m high from the bottom. (a) N-NE wall, (b) NE-E wall, (c¢) E-SE wall, (d)

SE-S wall, e) S-W wall, (f) W-N wall.
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Table 6 Setting of the numerical simulations
Method Time domain finite difference (TDFD)
Grid arrangement Staggard grid
Spatial discretizing accuracy 4th order
Temporal discretizing accuracy Second order
Grid spacing 0.1 m
X grids (Absorbing boundary included) 1520 (152 m)
Y grids (Absorbing boundary included) 1520 (152 m)
Z grids (Bottom absorbing boundary included) 720 (72 m)
Absorbing grids for a plane 100
Time step 1.OE-5s
Steps 101001 steps (-0.01~1.0s)
Source generator application Nucleus +
=N = = Ty i BFE
PiEIEE (m/s)
200 300 500 600 700
0.0
1.0
£ 20
AU
EX 30
)
L 40
o
i 50
6.0
7.0
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Fig. 23 The P-wave velocity profile for KUR based on Tsutsui et al. (2025).

— 147 —




Yial—vavickoTEoNKEHNEC BT
% J KIE 14346 % Fig. 20b 1789, Fig. 20b T3 FIRA
oPNERTO T 7 AV IIRTIR = 7 4 vilElE ol

XK

HHRELL Vp = 1500

Xfpf\,os: ) %+ (hEE)

b= 1000 Vp = 350

BE MRS CORIBEDO Z D 15 {FIET 3 2
EMAL TR Y, FRURAKEE P AE |3 2 8 IR IR PN A IR
DGED 15 FUEDIENIcE b dhTnwizZ gk

Vs =100 R -FEREEBRE(RE4M)

(Vp/Vs = 3.5) Vp =430
p = 400 _ Vs =123 (Vp/Vs = 4.14)

' Vpif i 20 m/s/m p = 500
#+(FE4m)
P -0 .
Vs =123
(e VpEEME 105 m/sim
p = 500

R T

Vp = 4000

Vs = 2450 &t -BERBEBEE(REIBM)

(Vp/Vs = 1.63) Vp = 4000

p=2300 Vs = 2300 (Vp/Vs = 1.74)
p=2300

Fig. 24  The structure model of the site KUR for the numerical synthesis of the waveforms.
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Fig. 25 The maximum pressure distributions for tow depth and for operating pressure in the shootings.
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Fig. 26  The snapshot of the vertical ground velocity at 40 ms after the shot at 8.7 m depth with 2000 psi. Denser color

indicates larger velocity. (a) Near field pressure history, (b) The pit shooting. (c) half space shooting (the reservoir shooting

equivalent).

— 149 —



DFEHR S 2K L CRRESIMANC K] 6 %FREE D = 4 v
F—LMEboTED O 94 %I FIRAMEPICIRE L
TLEHI>DTHS. ThIKENICET 2 EKARK
EN%Eb72b L TwbeEZLND. & HICHIRKE
WIS S 2 4 L ¥ — KR BEIC 3513 5 S 2 8
A LI % 2 COKEAMAlc = A L ¥ — 252 5
TEIRXoTEELTWL ZicRY, ZhrHEIEHk
B OMEZ b 726 L Tw3EEZLNS.

T DT Lo BB R LR IR 1A )
AN E b OMEA A L Cuz e fimE .
RN D[ vEe—X v 2ay b IR FREL DN
T WHIE T B NITFRIOKIES ~ D = F v ¥ —(RER)
Bl RY, KENORKENZL VNS TEZS
ZATIKEEIMA~Zh3E X < MBI % O < & 2 ik
KhbdlEZOLND.

PLED 2 & 5 b HBIE RIS 2 & 5 2 5511l
FFIER/NTH 6emBRETH 2. X bICFHRAKRE X
Z ONEEZ MO m i e L, KRS SBETH
59 eEZLND. X I DMEWI 23 R D
TRZHELLTnZZ L 2FET 5 & FIRAEHELT
AR IE &0 BRIk 2 @I 2 & TH 5.

SICHIRAME R OB A /NS K F B 720001, F
AN v e =K v 2a vy b IR FHRNELT

% 2 M & RS IC X b ZRETH DL LE R
3. 7l ZAEEIRCERE I e L GRAE LT RIEZ
DEEA v —X v 23 4X10° kg/m’s TH 5D
T, BERETOKMEICE T RIRTH oS 1T
25 %D I ANF =TT kiR Y, BAJED 4
EREONESYIFcE s ichd d 2, NEERD
RRETT SRR D 4 FRECHDREER S 5.

5. F&H

HiEe SR O EE R B o — B & L CRBRRIRK
MrEEL, Zohics I 2R IRFERET-72. &6
B RIRAKIEZ ET At Ly S 2L — 3 v RAT
W, RBRRIRKIE IC B 1T 3 RIRRF O B A A IC o W»
THRE 21T - 72.

e L 72 BRSO 2R X 9.7 m, JK[ESE 2.5 m,
mﬁm»&mm®ﬁ+%®Mﬁﬁ%%%‘miMmm
A E 9 cm MR CHAADEZEX 30 cm D EEF =
V) — biEREL L7, o ERRIRAE o K 2
LRE 8TmICT T H Yy i %, FH)TE 800psi 3 LU
1500 psi Z A B b8 THIRMEE 21T - 7-.

FIRIFHE D O 15 5 N7 BLINKTE X BEFE 0 KR o 2
X0 @B ICE A, BuithiRisZo s

o
Q
=S

(a)

| v
hbbblhloaunmnoan

msec |
T

T y T T
0 100 200 300 400

T T T T
500 600 700 800 900 1000

(b)

AR FEIRTTA FE IR

(c) HDEFERZHE AR

Fig. 27 The snapshot of the vertical ground velocity at 90 ms after the shot at 8.7 m depth with 2000 psi. Denser color
indicates larger velocity. (a) Near field pressure history, (b) The pit shooting. (¢) half space shooting (the reservoir shooting

equivalent). Yellow arrows in (c) indicate artifact reflections.
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