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Multi-parameter observations at Shikabe Geyser, and unique changes in

interval between eruptions (preliminary report)

Ayuta TSUGE
Department of Natural History Sciences, Graduate School of Science, Hokkaido University
Hiroshi AoYAmMA
Institute of Seismology and Volcanology, Faculty of Science, Hokkaido University
(Received February 25, 2020)

We started multi-parameter observations on November 25, 2019 using several physical
monitoring instruments at the Shikabe geyser in order to obtain new knowledge on the phenomena
associated with the geyser eruption and to understand the mechanism of IBE(Interval between
eruptions) change. We confirmed regular pattern of signals corresponding to eruption and
quiescence in the observed data. Our data also show that IBE of the Shikabe geyser was not
always constant but rather showing characteristic change in time. The average of IBE during
normal eruption cycle is about 12.5 to 13.5 minutes. IBE sometimes becomes 2-3 minutes longer
than the mean interval, and the next IBE is certainly about 1 minutes shorter than the average.
Finally, we estimated the hydraulic head of the Shikabe geyser based on the following two
conditions obtained from the observed data. 1. Ascent flow rate near the surface of the water
level just before overflow; 2. Quiescence time between the end of previous eruption and the start
of the next overflow. Hydraulic head value estimated from these two conditions was 1.03-3.73m
above the ground surface.
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I.IZ C & I

RS I3RZR SO F B ML 1 A B ) & AU CRIRAYICHIR IS I 2IRE TH 0, IRIREOES
IBFEHET D X5 RHBHE O o—2 L L Tmbn5. Fi, FIKRFITEICHE S YEiEiE
DIKITEK D ZIUCHRRIL TWS Tz, KIWEKOTFry—L L THIERIA TN,

R R IR D FA OWEH A F = X 51 Mackenzie (1811) 2 X - THEE X #v (Mackenzie, 1811),

AR & MEIZAL D, BT I conduit [C#E23 2 ZEIRDOFEZRE L, ZE{RAN O H T 7K 23 E B O 5 iR 7
BN L > TEELNDRINEE 2D, WL > TRAEL KEK DTS D conduit N O 7KAE
WCE2KEZBA D &, conduit NOKAHLH S THIRICE T 5. iV T Bunsen (1847)
WCEo TREBESNTCEIH A I = XL T EEEFH & T (Bunsen, 1847), Bl HEEE O
conduit P 7 ZE S %. Conduit O TR FEFHDOHEUZ K-> THAELNDRIEEZ R, D
HRE OHITF K Z ORI D W SICETAUE, R4 L 7oKRZERIC X o Tl L EBoH
TOKRDEH TS, AL BEETITEN A D =X AOHFMA L NZEET L E L TALMLILT
Wwa.

ZeE & MEE UL, HTAKPBEBOMBCEEOND Z LI o THET D &\ o R TIHE
LTW5, —5T, &% (1942bc) IF, HIT/ARHHORSBIC L > THELZRZTET V2
BL7z (&, 1942bc). F7, WKBICHEGE S DH TR, BHABIT ALY ITER
TH20, HAKBOERS OKECEITDPHRITITELLWREDIRFKTSHY, £ZOEILK
BB O LD bENE W REZE <. BIKENBEHO XY bEnwicd, WINrorEE T
BRKDNEH D X0 A 208, AIOEIZ EF-FIT conduit BED b BV A E DI CTIRENE T
T LTI RAKRDNEH 32, LIS @B &, conduit BED3 0 1RO G D T2, iR
K5 conduit & EFTHEOEREIR T/ N2, BHIESETHIEROEE EF L TL
5. O, EFICKHEEET SBEEOERT, RBEKP EATICH S OFFOREZTHEEL
DDENTET DLW EE L, AL ToAKREKUT L - THIE &V _EEOERKIEH T 5.
FIRRICE > THESNDM T ORRITELR DD, BIETIEEN A D =X N E R ORISR IC
EOKETNVTHASND Z L%,

MR DR E I TH LB OEINT, FIRRICE > TRESERY, HO2OLEREHOG
DETHEIA, Eiz, FHIILTLH —ETIER L, EEOFERSBKREREC, ¥y HEALT
AL T MRS TFET S, HlxiX, 5V @ El Tatio icd % El Cobreloa MR, # 14
RO /IR RS A BB R L 7o tk, K 1 BERIRkRE 2 KRR 2R A 4 4 BER SR A Ol
29 (Namiki et al., 2014). 7z, TAV I DA Tu—2 h—ELARICH DEE OB K RIL
R BT REICEEI N TWD L9 IR 25, REIMZREMZE 3R S vz (Hurwitz et
al,, 2008). LrL72d3h, T0OX 5 REMEND A H =X X EERINCHER L BT E D720,

L 2> RO IIEH OB K E VAR THOEROMRRTH D, £z, HHEAMILEAE
JAE O T2 DB T — & ZIUEE L3 <, conduit 23K O 72 DREE AT L L9V & 9 FIL A8
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5. LrL, LR ZHREL ZFIZIEFICD2 <, Re (1961) 12 K 5 EERA LARR I
—E LB TONTHWRY, 2T, A TIIEXROEHICH > TR Z 2HEBISIC O
THIe MR ZED & EDICEPEND A D= AL EEHRET D201, L[HER CYEER
B AW ZHBBRZ{To/z. 22T, ETHBRESHEE, L TEECL > THL 2
(7 o TR e BB IS OW TR T 5. RIZIC, SH%OFEM®ICIAT TIT 2 o 7o kK
FHOHEEIZ DWW TR B,

0. LANMEERIZDNT
1. HI=E

FEFBIRL IR VAL HEE I B B R OB 03BR < ALEIC H Y, waEvE O 7 AN b HRE S o 1523
&% (Figla, Figlb). L2>_[MHRIE, BEHERHATICH D HEORL R ARE] of

d C
g Shikabe Geyser
o L1
8 [ | Shikabe hot spring area
o5

b

Komagatake volcano

41131

Shikabe Geyser

WRE

*1167

Fig. 1. (a) Map of Hokkaido showing the location of the Shikabe hot spring area (Geospatial Information
Authority of Japan). (b) Map of southern Hokkaido showing the location of the Shikabe geyser and
Komagatake volcano (Geospatial Information Authority of Japan). (c) The Shikabe geyser eruption.
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WCHDHERETHD (Figle). LNEEIRIZEF 27 4 (1952 4F) TR RIRH]O@FE TH R X

iz (CRA, 1961). 20 ®, ER 150mm, £ I 26m OFENREDOIAENTE Y, RN
conduit & L TOHEEFNZRIZL TWD. LAHBURICI T 2 EF) O HERBREIRNIT RS (1961)

IZ X > TToAL, SRFIIEHFOE S 23 2m BE T, HHEMIL4 2 59 B~ 94 21 oM<t
5oL KO REHRIZ 7L 9 THD (KA, 1961). Fiz, SENOREBNSHESNLTRY,

HKE DD 26m FORIBIT 1ISCLEFESN TS, BIETIE, KA (1961) OFE GEED S
HERILAZ L TR Y, BMHEEOE S1E 15m I L, BHEAYIX 10min BETHL LI TS,
2019 412 A 19 BICENICHER SN TWRIRR TR (2018 48 8 A 24 AFAT) I LiuE, L
ANEFUROREET b Y v A - EAIRR (REET TV 0 Y @) TAREEYIL 4113g
kg Th 2. BERBERD DICDICA T —VRIRIINAET, HEIBA VT RS 16m OFEEE
BATHPLEERNITHONTE Y, A7 — VEIRIA—ERHE Z L ICE— % —IC X o THEAINT
W5, ZHTHEEMBAEDICONA T — T X o TEHENHAEL TV ewd, FIC 1 RIZEHICE

Fig. 2. Visuial observation of eruptions. (a)Water level rises gradually. (b) Water starts to overflow. (c) Water is
completely boiling. (d) Water is boiling vigorously and erupting droplets. (e) Geyser starts major eruption. (f)
End of eruption.
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LRV U TERMTOITWS, E, ULANEBRARZEARERTICEHFINATREY, H
HIEFIZ 8 <R E B3 o TR R KD EHIAAA~TR O S 20 K 912, B 6@ S Tm ONLEICE D
RESNTND, L 72IRIRAKIIAKE 28> THKIEIC—BirE S, ZoRIZENICHERS
NTWD BGIFIHEA TN D,

2. IEHRIR

WO, KA ERE P 7REE T, HFRAIE TR lom/s OEETERL T % (Fig2a). L
DARFEECR JE ORISR TIEFFKEAHFORATL LD bEWZ LMo TEY, LaHakz
THEAELTEAKENRATE TET L EEOE ERAHT Fig2b). BHHBHE 22Tk
BORNGEZ LA L TS AKWOENBIEZ, AT T7DL5BRRERKIAS EB-TLBL91c725.
BHIBLED D 2 B b RO L ERRMHIREL 720 (Fig2e), IHIC1 HBITITIEOIML S &
LORiEZD TS X 9172 Fig2d). DWITIZIBEOBWIZ I Y EMICERY fHiFbhicEE
TAOLR EF7L, REHREEAEE D (Fig2e). WAL TWAHEFIE, £ 1 BHE CIRET
DX HICBNPIEL R oTRY, BWDSBRWEHIF G MIC L RESAKRE STREL THD008 R %
5. 50 PREEREH OB W EHERF L 722018, IREBICKALS T30 10 PR THiRICHE B L 722 < 72
% (Fig2f). HRIZEH L <o, KEIZERTERWALIES IZFEOHR THIRY O
O MENEE, BRI L TV DEET 20 ¥ 5, RKANICITHIEY 0 X 5 2 b
D, EHIOFPITKAD EFTDRIBICR .

m. LANRE&S#RDOLEBEHR

1. BANBRUEE

BN 2019 45 11 A 25 H 2~ BARA L 72, BUAITE B IIMKE, 2998, 1R, HUE, ERZEEH),
BRI AT, ©TFNATTHD. 5 BWRKUE, 2R, RE, #HE, GRZEICEL L, &
DERO ZEFEICE Y 100V OFHEREZMEY 2 Z L3 TE 2w, BN EZTRoTnd, %
SIEFFHIHFR~—H v & A JLHL NanoLogger NL-6000C (PjE&JE & > ¥ — Nanobaro SN137325),
ZEPREHIE T 2 — R TYPET744N, G FEFHIMILEERR T V2 a v - ¥ —% DPS-2020, ikt
I¥ Chongging Geological Instrument Factory # CDJ-S2C-2 (2Hz, 3 Ji% 43 ), {H &7 1% Applied
Geomechanics ! Model 701-2 (2 pf%) i Fh 1 AW, R, BER, EHRFHOES
VEEHE AR HKS-9700(4Ch) O 7 — & v ' —\2, HEFH OE S 1L FHEHF 3 HKS-9550(3Ch)
DF—FaH—lZENERNERL T2, £, MRIEFHT 100Hz, #4LLSMT 200Hz O 7D
Y7 L—hTERL TS (72721, 12 A 19 ARIIZA2T100Hz v 7Y v ZIcEE L),

Fig.3 I[CHEAGHII L TV 2 BB SR OB X 2R Lz, ZRFHI 2 7 F ORI EL TIF 5 &
SICEEL, a7 FTOPICREL TWAMREF LR CAEBE TREL TWa., EEFHIE DN
SR OIEHT 2 RIRZRIE T 2 721, BRI TV D 27— /VIIfiIFI O O 1 IeE 571,
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11.5m
N
Acoustic sensor, Micro-barometer !
Tiltmeter
Seismomete
9.5m
Fig. 3. Layout of instruments.
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Fig. 4. Observed data at the Shikabe geyser from 3:53:20 am to 4:20:00 am on 29 November. (a)
Acoustic pressure. (b) Temperature. (c) Ground deformation recorded by tiltmeter. (d) Seismic
velocity. Blue lines indicate the timing of overflow and red lines indicate the timing of eruption.
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HEEPUAE v —0 2 — METIE U £ 72, MIEEH L HEAEHIZENE 0 5K 6m BN
TERICALEICERE LT, ET 4 AT LEBFRND A F1%, 6K 5m OMEE, ZLTEND
F14m D 2 »FTICERE L TR Lz,

2. BHBT—2I12D01\T

ARFTETIE, 11 A 25 B~ 12 H 19 B OFICESE L7287 — % 28803 5. Figd IZTZ2E:E, iR
FEERE, ERG, HER O 2 S 2 O UK Ty hLERTH S, L, ZHE
W & B, 50Hz 58D /A XAHY Bk < 7o 1T 55Hz Ol d B E T A N AT ¢
NWE—=ZEL TV, O b OEH (overflow) Bl SITIRERNEZMIC L LED D HEL,
Mg H| (eruption) BIARRITI B X L ZEIREHMBORIENRKE S 22K ELT, ThENFALRE
DOMTRLT. Figd A2 L, TLENLOT —% O LITEIERAIMICE N, R 72EUKE
HUCHE O HF RS O ELER IZEIICBE T2 2 P02 5. £THITILIRFKPRND Z
SIS TERENMEMICER L, BRVWEETI00CIZET S, 0% 2 70E Lk Thr b Z2RH
LB OBWIENZERUZ A I 7 THRL, 50 EEMEEL TRrH6EDT 5. £k,
ZORFICIRE S 2T 2720, BIKTICHRL TnWd L Bbius.

21, BIRT—2 EWRET—4

Figh KMRIET — & L 2R T — ¥ OARER A UREEI TR L 72, 280 B AHE DOMAE & 22
FEORFIKRE 7o TWDEBEHBIIRICKISE L TWD, BIREFIIEHOZ A 2 7 Tk
FIFARRICIRIE AR E < 2o TV 5D, MAERBITRESOCPCRKELRoTNDEbO0, KA
A Z R L TV, ZAUIMRER 23 22Hz 2 @B O~ b A 7 JE L 35 100Hz v 7
U v 7 ORI E O Th D, EHEIM ORI THT — 2 ICR 5N bR A OKFITIE
FFELZ 1T 72 > T W 5. Figh ORERHH TIIMKIERT & Z2REHIR CALE 1T E S TV D5,
HIt b OERERE L WIREE TENZNDONE A E X IRHEH O 7 — % Tk, Bt ri—okEHE
HIILE -S> T e, ZhE b, BMREEEROMGICR LN IEHETROE AN OLEEIL, I
Foro0y 7PNV TRBRJAREDHELLD /A X EEZEZLND.

Wiz, ZERE®, "EHICHE S EREER 2O . SRIOBEITE, 100V OfgH i ER %2
AnTnwadZ tizksd, 50Hz D) A RIRTF—=HITRBALTNWD, 22T, 50Hz D/ A X&=HD
< 721, 45 ~ 55Hz D JENREEE T/ v F 7 4 NV = 2 T o 12, £z, Bk TR~AZ
ARXREEON I ERAYMOEHEZER Y < 22 0.2Hz DA XA T 4 )V =B 21T 78 5 Tz,
Figb I 7 4 V& —WLER 24T 72 o [ DZERIE Y (Figba) &, £DA~XZ hnr 2 J 4 (Fig6b)
Uiz, WIEOREASBICHE KL TWAHSBEHICHIS T 5. Figbb 2725 &, HEHEEH
BT JEE 2 5 S0Hz BREE D& A £ TIRWEIR TRALY MARENRKE L L->TRY, i
10Hz LA F OB T 5. 10Hz LAF O J& I B0 80 2 5N TR R 5 72912, Fig.7a 1T 0.2Hz
~ 10Hz DXV RNR T 4 )V H — U %4770 o T 2R %, FigTb ICZD AR hu /T L%



56

LIS A 1 N

Micro barogram
1024.08

1024.06

1024.04

1024.02

pressure (hPa)

1024

1023.98 L 1 I I I
0 100 200 300 400 500 600

time (s)
Acoustic signal
T

pressure (Pa)

1 1 1 1 1
0 100 200 300 400 500 600
time (s)

Fig. 5. (a)Micro barogram and (b) acoustic signal time series from 6:20:00 am to 6:30:00 on 29

November.
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Fig. 6. (a) Acoustic signal time series from 7:00:00 pm to 7:10:00 pm on 30 November processed by
45-55Hz notch filtering and 0.2Hz highpass filtering. (b) Spectrogram of the acoustic signal (a).
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rUTc. Figtb /5 L, WHOEHRIC 5Hz LT ORI TA L7 MVBRERKE 2o T
W5, EHHIE O 20 % (Fig7 IZB W TIKEOMRTHEN T TOZRBVICERT S L
(Fig7c), WigEIIC/ SVAD LD IRy 7 FABHTND S E bbb, ZOMMICHIT 5,37 —
AT MV ERDE (Fig7d), 1465Hz TE— 27 Mo TS, WHEOMEGEL RS L, 1/
R G I M L DB NS < 72 > TV AREFSER T X, Z OEBNZRAZ IR L T UL R
&L TEBEBICHNTWD ARENLR D 5.

Acoustic pressure
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Fig. 7. (a) Acoustic signal time series from 8:06:40 am to 8:10:00 am on 27 November processed by
0.2-10Hz bandpass filtering. (b) Spectrogram of the acoustic signal (a). (c) Acoustic signal time
series during the eruption indicated by a gray box. (d) Power spectrum of the acoustic signal during
the eruption.
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Fig. 8. Temperature signal at the geyser vent from 8:25:00 am to 8:40:00 am on 27 November. Green
line indicates the boiling point of a pure water at 1022.6hPa.

22. BRET—4
Fig8 IWRE DT —# Z—FH SR L. fEaofiE, REKPHEZRKTHD LIEL 728
HD, ZOBLNTHIRT D RRIE 1022.6hPa TO#E 1002°C A7 L TW5, Fig8 lZBWT, iR
FED 25 CAHE A B AMIC LR 2R L 72825, IREKOBHMG L —83 5. REL Y —I3&
WCIREFREID & 2 72w, 5 BRAGIRF O IEME R IRIRIT T 22 I3 TE 223, ot T
Pi@ﬁf'fﬁﬁé‘ﬂiﬂl g 2R X 9 RRIEITIFEEA L ERoTZ RN, Db 100CE2 T
Blo/BETHL EEZOLND. Fl, WHANCHALL T OIRRKNEL T2 2 &1E, £< DM
RRTRONDHHE —FT 5 (B 213, f =v—R b —EZ/AREDOIld Faithful Geyser (Kieffer,
1984) <0, EHRIREEIER OB EMKAR (Nishimura et al, 2006)). EHBIAEZIL 1 HbT 5L
SRIRIZ 100CICEE L, Al 103 Ca#ERF L THEEICE > TWa, RIEA 100°C & 48 2 5 EK D
—D2E LT, Le~HBRPEE PR 2R OZ LI LA ERABEZONS.

23. EMEET—4

EAEENIEOROE R TH D 8B~ 17T REOMITITE ALV I TV ERERTE T, —F
TE RS O 17 B~ S B0 T 1T Figde O X 5 7 HMR /Y 7V 2RERTE 2. Fig9 i3,
12H6 HOKFO~THS9 D E TOEREH T —F 2 1 H I LD T TAE vy 7 LK TH B,
2Ly 7 OB, EHBIBRICHIEL TWd EEZ LD, BEOmIESKE <G+ 5
MEREEREL (BHETHET2), EESDHIEIC 290 7, AT 910 FHciE 2 #ifE 2 1 A &

LTIV 23 )7z, Fig9a 23 AIGIcx4 % transverse J7 1A%, 9b A radial A% T 5. Fig9a
ZRD L, EEEBENGESPICEL TV AL, ZoBAHICEIL THWH MRS 5.
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transverse radial

tilt(normalized)
tilt(normalized)

0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
time (s) time (s)

Fig. 9. Ground deformation recorded by the tiltmeter; (a) transverse direction and (b) radial direction,
respectively. Grey curves show original signals and red curves are the stacked trace.

TR IR AL & BRI D E N E N ORI, RET — 2 OB IRT — 2 P OHE S DK
IEHAR &g AR O BRI S 122 L T D720, B S I ERZEENE L >R EEUR Ol
HI &R IEIZRE S reservoir DIFIE & IFEEZ L TWBH L E X HiLD. —JT, Fig9b @ radial J7
MOEREEE, EFRLTHL TFTRICETIZEMTIR A2, ZoZ b ITFEFITIIv. b L,
—MEREIICE X HALD X D 72, reservoir A3 conduit DE FICTEAET DB 2 E T4, AL
L radial FATHNALIZTTHSD. L LRMAD, Figla & Figdb k325 &, HEERICIEfER
ZEEIE transverse J7 [l THABRICHN TV S, LA FEER O reservoir (X858 DOTE T OB VVGEIKIC
RHD LS L5 RBHMRTAR TR WRTREIE RIR S 1D,

24, WET—4

Fig.10a i, ZEIRIEIE & [FIERIC 45 ~ 55Hz O EEEFIRT / v F 7 0 V& — B 24T 72 o T Hh
BEINIE (transverse) TH Y, FiglOb (ZIZ DAY v v /T A THD., WHICHIGT 2 I 2150
OFETH > TW5D, Figllb 2R 25 &, A7 hLBREE A HIIRIC 50 ~ 7T0Hz IR EE Th
FTHRELRDH, THLSOFIETITIEE A EEBHICIHET 2 AL Y 7 VIR T
2N, RIT, AT MVIREERK & < 72572 50 ~ T0Hz O B HBICEH L, HMEKFIC 55
~70Hz DN RNXRAT 4 W F — B EITV, TDAXT hn T hEHELRZ (Figllc &
Fig.10d). Fig.10c 2. 2% &, Fig.10a ([Z b~ TREHIRRICHIER I ORIR AR ICH AL Tnb 2 &
Bbhd, Fiz, Figlod [ BT, K2 55 ~ 60Hz O JEIEEHIK CTA LY MABRERKE < 2o
TWNWDD, — BN KPR TR S 2 B O B A KE < ERloTnWb e, £0
FRNZDOW TIIEEBRRAPLETH S,



60 PR &K - fib

5 x o® Seismogram
T
w
S~
3
2
‘C
o
©
>
0 1 2 3 4 5 6 7 8
time (min)
Spectrogram
100

frequency (Hz)
a
o

1 2 3 4 5 6 7 8
time (min)
<107 Seismogram

velocity (m/s)
o

-5 I I I n I I I I
0 1 2 3 4 5 6 7 8
time (min)
Spectrogram
70
£
— 65
>
[e)
5]
> 60
T
(0]
£
55
1 2 3 4 5 6 7 8
time (min)

Fig.10. (a) Seismic signal time series from 8:10:00 pm to 8:18:20 pm on 28 November processed by
45-55Hz notch filtering. (b) Spectrogram of seismic signal (a). (c) Seismic signal time series which
is the same time as (a) processed by 55-70Hz bandpass filtering. (d) Spectrogram of seismic signal
(c). Orange boxes show the eruption period.

3. FRIMGEHBAHELIZDONT

L 2>~ FHURICR 1T B H I (Interval between eruptions: IBE) Zfb&2F~2% 72, 11 A 26
A~12 A 18AETORBOEMEE L. Figll IC 2B, Figl2 o114 26 A~ 12 A7
HET, Figl3IC12 HSH~12 A ISEETCOAMMOE AN T AEZRL TS, EHESH %
AR, BET —ZI2RT 5BHBMGER L ORMZEZFHHILz, 372bb, HOHEET
DB D, WOBHBBETZ 1 O L Bl T2 (Figd OFMHRFLORRHZE).
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EHFICB T 2 EEEPITHK 125 ~ 13553 TH 52, Figll /A5 L, F155912h H—>
DINSIRE—I WH DO PD 5. Figl2 L Figl3# /15 L, ZOEVWEAMORAMHEIRICE -
TEp-oTEY, flziE, 1ZA6HIFT—ELRAEET, 2A2HREHETEEL TWD.
Fig14 12 11 H 28 B orEH AL 2R L7z, Figld 2R W, SEHRREH» b k& EED
B2 EHNTWD0ORbRS. 51T, 2B EEAMBEL kol (REM), v TEn
JAHICZ ERED) LTnWdonbnd., SWEHITEE 10~119ThD. 27EL, Z0O%
{biXiEHBItA S OB L 2 ATV 72, LARBUR OB KIEBEE IC W TRMAEMIZ & ORF
IR L TWBDRRLNPLR., 2T, ERREHEID DO, BET—F 2R L .
Fig 15 ICEWABI L WEAMOm T 25 ARRET —% 2r Lz, Figlsh /5 L, VH7RE
HOR LI L T (BEH), BRWEBORHIEHATOWRIEREH L, Z0%ickHe < &R O/
FHREL Y FRE), W EH OB IRIEREH LB R oW BE < 2o T Z &b
1% (FRED. BVWEBORIERRHIE 680 b, HHRHIZ290# Th 2 —H T, EWEHOK
IERFRIIE 430 B, BHIRERIZ 200 B2 L, BARRZRZENHI TV, F, BEWESO®RICEWEH
D3t < BALIFRAEL TWD A, HICRWEMZEI &R Z 3 X 9 RETEITMZETE kol
Z ORI 2 A2 Z X0 ERNICT N TV 72T, IRIERR & B T 2 X BERIA e
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Flo, ML ORABE L HFOK[SEME (KRR, JUE, BKERLE) OBE S FHEMICTHT
WS FETH D, SHITANEZEE 2 TZOEHEMIZID A =X L2 ERFRRICHAT L Z &
ZHET.

450

N=2465

frequency

Fig. 11. Histogram of interval between eruptions (IBE) for all period.
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Fig. 12. Daily histogram of IBE from November 26, 2019 to December 7, 2019.
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Fig. 13. Daily histogram of IBE from December 8, 2019 to December 18, 2019.
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Fig. 14. IBE on November 28, 2019. Red arrow shows the increase of IBE and blue arrow shows the
decrease of IBE.
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Fig. 15. Temperature signal of the long IBE and short IBE from 8:46:40 am to 9:48:20 am on 28
November. Black arrows indicate the average quiescence period and overflowing period. In the long
IBE, both quiescence period and overflowing period increase (red arrow). In the short IBE, both
quiescence period and overflowing period decrease (blue arrow).
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V. #ILo—0ERIZd & D E1E/KEEDHETE

RS D EIIZEE D A T = XL ZEERICHERT 2 7ciiE, MXREHZXET 557

—Z OHIFIPBUETH S, FREHOZEL/ T XA —F D—DIZ, reservoir ~DIRIEKDOHLFEER
METFOND, —BANCRRKOTENT, HTKIREIOHERICHE D> DT, LAMEURICEIRK
ZMAET D H KB PR KE T D EAETHIE, MG ITF (EKEE & &K E OB 72
MBI KA Z D, Figl6 ICHIEKBEOHETICB W TRET 2RO TOMEXKZ R L. £
7o, UTOFHEICHWS /8T A —# X Tablel I2F & T2, Conduit NIZRBWTH 58 S ITfF
T HKRKEOMY T HKEEZ R ETD L, TOLEFRITdh/dt Z Vv —OEANCEET S LT
DATRTENTES,

Q(f)—S —C(h -h) (1)

AEl, EXERWTHILKEZHEET D ICHz-> T, BRICESSLUTO 2 2052 vz,
ZNENOLEMEP LRI 2 ICHBIES c #FHHEL, ThLR—KT 280 ZiRERE 5. Zh
VX, HBIEE c R DOHIKE OB KRR E TED LN IHKBEEOERTH D, &V RE
IZEDSNWTWNA,

1. BEHERTOKEOHMEL TOEAHEE (0.01 £ 0.002m/s).

2. HiEI O HHET 2> 5RO B AG £ TOROKIERF (7~ 10 43).

FTEMELICONT, KEOHMRMEITO LAEREZ, BIEITA Yy —% AN TKADIATIC

ETORFEZETANA T TRE LB P OHEE L 72 (Fig2a). EFAEEDRE X2 OHEEM
12 0.0lm/s TH B2, LT TIEEEEZEH T0.01 £ 0.002m/s DEPH ZRRFHIH WS, ERHE
6 HBIER e ZFHET D201, Q) ZUTOX S ICERTS.

c1= dt (2)

BN T, HFEMTTOKEOES by #30 (2) ITfAAT D E, UTFTDX5i1c725.

dh

Sar (3)
11-115

£oT,

dt WCHEE S fviz EABEEE 0.01 + 0.002m/s, 1 hs ZE¥ER (B OFLEK) 226 OHIRE O

S 26m AT DE, ¢ 2HDIENRTED.
FME2ZOVWTIE, BEOT =220, AiEOE KT 26RO E TORIEKRRH T
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Hydraulicheadh —|— — — — — — — - — 4

Water level at surface hy(=26) —| — — —

Water level A —| — — — — — —

Conduit
Initial water level hy(= 0~4) —[— — — — — —

Bottom of the conduit (=0) —[— —

Fig. 16. Schematic illustration of the geyser showing parameters used in the estimation of hydraulic head.

Table 1. Summary of parameters in the equations.

Parameter Value Unit Description

Q) - més™! Volumetric flow rate in the conduit.

S 1.767x10? m? Cross section of the conduit.

h - m Hydraulic head.

h' - m Water level in the conduit.

hs 26 m Height from datum level to ground surface.
ho 0-4 m Initial water level.

c - m*s™! Proportional constant between h and Q(%).
c1 - m*s™ ¢ value calculated by using condition 1.
c - m*s™ ¢ value calculated by using condition 2.
t - S Time.

T 420-600 s Time to rise from Initial water level to ground surface.
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285 LHEE L 72, T OIRIEREH T 1%, JKEADMIHIKAL ho 22 DK E hs £ TLEAT D%
TITPH o TRFRNC RIS T 2 EARET 5. IRIERF D B HBIER ¢ 23 HE T D 7ewic, (1) &
MM (t=0,h'=hy) & BiRGEM: (t=Th'=h) ZM T HBEXEZM Z LICL > TUTORX
2E<,

S h-h
co=7plog 3 (4)

WKL Td D ho ZHIFIT D DITEEL WA, LR O R 7 — VEREEEEZBET L T
LEFICED, THELS E3m £ TOHEATHENZ 7S — LB T NS ] LW ERPS, B
BLEZOWEETIIEHBZITKMLR TR THD EREL, ZZ TiEh=0~4m O#iH T 1m
MR CHEAZRET S, £/, REOT — X LHEE S LD B O T REHIC b REEMEAK E W
72, BENRERELTT O~ 10 00T WP ORLLIMEERET D, UTTIE, FE
TET L h DIEEFNENEZRDS, F—DhITHL Te & e BEL L 25K (X (3) & (4)
OEDRLNEL < DH) OcBIVh DEERD,

Table2 12, hoy=0 IZ[EE L TR IEFEE T 22 b S B 72358 0, thFRim 2 b OF (KO & X (h-h,)
L FOED c D E, WMEATTO EREEE dhy/dt TR L. TRERO TICRL T, E
2> 5 dh,/dt=0.008,0.01,0.012 DJIEIC (h-hy) & ¢ ZR L TW5, RIEERR T 23R < 2 B L #rikk
FHIZE <720, c DEI/NES Lo TWB Z ERbrd. £, RUKIEEER T T, dhy/dt 3
KELBDFEHILAKBEIFERLSRY, c OEIT/NEL RoTND Z ERbs, RUFESEED
Hric (3) &R 4) OEBEBND o, o TNTNOMDZEA% Figlla iR Le, BED ¢ Off
LBDED , DRI DLDEN, h BL O c DWEMEEH %2 5. Figlla TT OELICxT D ¢
DIED|BNCHEETDE, THRELLDIEER—OFHILAKEL TR L To /NS REEZERD
TENbhD, ERICREHBELTELNDIcEaltadRETHLIOT, TRRELRDIC
ONTh-hy bRKEL<ZR>TND,

Table3 121X, T=600 IZEE L THIHIKNL ho ZE(L S ETHE D, HIEBED D OFILKEOF
S (h-hg) & ZDEED ¢ D%, HFRAHETO EFEE dhy/dt Z LR LTz, 2D ho 1Tkt
LT, E&6 dh/dt=0.008,0.01,0.012 DIEIC (h-h,) & c R L TW5, Table3 ZR5 &, ¥
IKAL ho I3 K 725 L ERIEAKBE A IZE <20, c DfEIT/NE LS BRoTWNDLZ ERbrrb., £
U ho TiX, dhy/dt IPKRE LR DIE EFFILAKEITEL 2D, c DEIFNEL<RoTWVEZ XD
25, ZOFESEMEORICK (3) LR Q) 2HBELND a1, ¢ ENENLDHEDOEE Fig17b 1T
RLUTz. Figllh The OZELICEE TS &, he PKREL R DIFER—D#ILAKFE R 1T L Te,
NS REZEERD.

B\, Fig.17ab IZIRWTHIZR A C oK EAHEE dh,/dt OEAGICER 32 &, ¢ id dhy/dt
DEICKELS EEEZIT DL 8D 5, dhy/dt BKEL7251FE Figllab TO e, DT T 7
TERABETL0T, A—FKHFEOTTO c DEIF/NSL<RY, hOfEIFREL<2. £z, 4
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Table 2. Elevation of calculated hydraulic head from  Table 3. Elevation of calculated hydraulic head from

the ground surface and ¢ values under the the ground surface and ¢ values under the condition
condition of ho=0 for different quiescence time T. of T=600 for different initial water level ho.
Quiescence time (s) h-h; (m) c Initial water level (m) h-h, (m) c
1.03 1.38 x 10 1.73 8.17 X 10°
420 1.42 1.25 X 10 0 2.45 7.23 X 107
1.86 1.14 x 10 3.30 6.44 X 10°
1.13 1.25 x 10 1.77 8.01 X 107
450 1.57 1.13 x 10 1 2.50 7.06 X 107
2.07 1.02 x 10 3.39 6.26 X 107
1.24 1.14 x 10" 1.80 7.84 X 107
480 1.73 1.02 x 10 2 2.57 6.88 X 107
2.29 9.25 X 107 3.49 6.08 X 107
1.36 1.04 x 10 1.85 7.66 X 107
510 1.90 9.31 X 10° 3 2.64 6.70 X 107
2.52 8.40 x 10° 3.60 5.89 X 107
1.48 9.56 x 10° 1.89 747 X 107
540 2.07 8.53 X 107 4 2.72 6.50 X 10
2.77 7.66 x 107 3.73 569 x 10°
1.60 8.83 X 10°
570 2.25 7.84 X 107
3.02 7.01 X 10°
1.73 8.17 X 107
600 2.45 7.23 X 107
3.30 6.44 X 107

EOFETHWEZ T & he OFFATIE, h OEFEIZ A LV b TOEHRICEEINLTND.

SEIFHETEXT/RT A —2 OFFA T, #EIN#HILKEDO S ZIE h=h+1.03~3.73, [t
BIFRER 1T ¢=5.69%10°~1.38x10"* L3RD SALTe., TS DML, RIER T oK _EF-58 5
dhs/dt DEAIHBIR TH D Z &0 hroic, SENTER OB LN EETZ T 2 AW TR ST
Bk AKEEEHEE L 72, ZOWEBNZY THE0E 20, SBOBIHT—4 1215 Tl < AR O
IR OEHR 72 E IR L TRETL TWSRBERD 5,

V. ¥ & &

2019 4E 11 A 25 A 25, JLMEEREEHTICH 2 L 2> MHUR THARIER, 228RE, IRERN, 6
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x107% %10
25 : : : : : : 9 Y i i w
a — = ¢,(dh/dt=0.008) \ — = ¢,(dh/dt=0.008)
——¢;(dh/dt=0.010) 85} ‘\‘ ——¢;(dh/dt=0.010)
===, (dh/dt=0.012) \ ===, (dh/dt=0.012)
i
& ¢, (T=420) 1 8t ‘.‘ cylhg= 0)
\‘\ o (T=450) 5 \ cptho= 1)
\ ¢, (T=480) ‘\‘ cylhg=2)
15\ \ ——(T=510) val o cylhy= 3)
o “‘ c,(T=540) & cptho= 4)
g \‘ ¢,(T=570) g 65| \
5 ¢, (T=600) ©
o S 6l
551
5
45
\
4 ,
1 2 3 4 5 6 7 8
h-hg h-h

Fig.17. (a) ci, ¢; values with respect to (h-hs) under the condition of hy=0 for different quiescence time
T. Black(Broken line): ¢ (dhs/dt=0.008), Black(Solid line): ¢i (dhs/dt=0.01), Black(Chain line):
¢ (dhy/dt=0.012), purple: c;(T=420), green: c,(T=450), light blue: c,(T=480), dark red:
¢2(T=510), blue: ¢:(T=540), orange: c,(T=570), yellow: c,(T=600). (b) ¢i, ¢; values respect to
(h-h,) under the condition of T=600 for different initial water level ho. Black(Broken line): ¢, (dh./
dt=0.008), Black(Solid line): ¢ (dhy/dt=0.01), Black(Chain line): ¢ (dh,/dt=0.012), purple:
c2(ho=0), green: c,(ho=1), light blue: c2(ho=2), dark red: c;(ho=3), blue: c2(ho=4).

et HUER, ©TAI R T, BRI A T EAWISEBBRZ AL 72,

BRBEMGE2LH 12 A 9 HETOBAIT -2 2 E LD ER, 2@ TOBRMERICRBNT, EHE
RIEICH T 5 & RO DAY 7 AR SN, RE & 22RITE Itk - TE B
R OWNEMT 5, BEEHBBO Y A 2 v 7 &2 XA, ERIBRAKDORERE 100C
Z BR D 0sk 2 L lc., HUBEHIE IR I & B AR 43 3 5Ll 35 23, KIS R SR D8I T —fi
IR NS X5 AWK ERESBATBY, TOERICOWTITEERRMNSLETH
5. [EFZLENT DT T 5 transverse 5 O LB DN T, reservoir DIEIR & IUHEIC kST 2
LRONDIEBER L., 72721, radial FAICEWTIZABARLEEA RO, HTFOHKE
DEHERTRE L TV B ATREMEAS R S 5.,

Fio, LAMEUROEHEIIILT L b —E Tt BN REENREZ > TV Z Ladb
Pole, SEHEO 125 ~ 135 4 13RI, Bx 15 ~ 16 BREOEWEBAE AN, HEWT 10
~ 1 ABRECEVENHENS., S5, ZO—HOFMELOREHEIIRICE > TRE -
TW5, EWEH L EVEDZ BARICENS &, EVEYTIIEHRTORIERR & 2k <
BHEHOMEREL 20, BWETIEmERELS Lo TnD Z ERbhrol.,
LRRoEHEMRE L EEEMICERL T dig, F vy —OERNCEE-SW TRk K EE 18
ZHCHEE L 72, Conduit WK O EHHIZ, #iE/KIEE KiiO&EEZICHEIT D, Fre—
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DOFEHNCE SN TRT N TE S, SERENT -2 0B 0NEUTO 2 205442 H
Wiz s OB HERTOKE OMIFRAE TO LAHE, QIO T 22 5 R OBEHIBIAE TO/M
DOIRIEFEHE, FHEOMR, F KT S 2 7237 A — & O#iH Tl h+1.03~3.73m &3k LTz,
S, BONERT —2 2 X0 EMICHT L, BRRELICH S hFRgaeimti 5L &
BT, SEOBNC X > TS MIT 7 o T RHER 2B TG ICOW TEERICHER L T <.

B SROBRIEZIT O ITdlc> T, FEHET 2 5 CNTE OB L 2>~ FHBUR A RN B
DEMREOFFIC, 100V EROREM R L R0 TRELZEEE L, K#tavF 12 b
DFHEK - FHREKICE, HFOBIRERIEERFOETICOVWTHEREZTHE T L2, Z 2Tk
ERAKLET.
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