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Monitoring survey during flow test at Esan Volcano, southwestern Hokkaido
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ABSTRACT

We conducted various monitoring surveys at the active vol-
cano, Mt. Esan, in southwestern Hokkaido, Japan, to estimate
the influence of a short-term production and reinjection test
(flow test). In this area, a resource survey for geothermal
power plants has been conducted by Esan Geothermal LLC
since 2015, and a flow test was conducted in the summer of
2023. We conducted a volcanic gas survey, gravity monitor-
ing, GNSS observation, and self-potential (SP) survey before,
during, and after the flow test, respectively. We did not detect
any significant changes in the results of the volcanic gas sur-
vey or GNSS observations. On the other hand, the gravity
monitoring detected gravity decreases of up to 65 microGals
around the Y crater. The SP survey detected SP increases of
up to 20 mV or more at the summit lava dome, and decreases
of up to 19 mV or more around the X and Y craters. The de-
tected changes suggested that the geothermal water flow as-
sociated with the flow test caused downward flow and de-
creased the water level around the Y crater.

Keywords: Active volcano, Geothermal development, Flow test,
Monitoring survey
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Fig. 1 Map of the survey area. The topographic map is derived from “GSI tiles” by the Geospatial In-

formation Authority of Japan.
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Tablel List of the survey points.
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Fig. 2 Survey points map (red square in Fig.1). Locations and numbers of survey points (black dots) and
reference point (star) in the Esan volcano. The topographic map is derived from “GSI tiles” by

the Geospatial Information Authority of Japan.
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Table2 Results of the volcanic gas survey.
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B HAEIER| H,0 H,OA D A ZFBE %
REEA H -
FLRE(C) % HCI H,S SO, CO, HF R-Gas
ESERERAT | 2023/6/26 120 98.1% | 02% | 258% | 0.1% | 69.0% 4.9%
HEash | 2023/8/31 97.9% | 12% | 252% | 0.1% | 69.9% 3.6%
—— 2003410A 97.1% | 0.1% 8.4% 1.1% | 84.2% 6.2%
2006498 98.9% | 1.7% | 251% | 3.1% | 64.1% 2.8%
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Table3 Summary of the gravity monitoring from 2023 to 2024.

BAR | ean g | maE = |Easy
GEsn#
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Fig. 3 Gravity monitoring network at the Esan volcano. The topographic map is derived from “GSI tiles” by the Geospatial Information
Authority of Japan.

X4 HIABBIIFEROMGNCE URRE U T 2RI O E £5 HBNRICHBT 2HENLFEOLE) S X—
Table4 Summary of the period decided for consideration of gravity Table5 Gravity change patterns at each gravity monitoring points.
monitoring results.
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4 1 54 | 7, 23
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Fig.4 Gravity monitoring results at each survey point (Part 1).
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Fig. 6 Spatial distribution of gravity change during the Per.1. The background topographic map is de-
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rived from “GSI tiles” by the Geospatial Information Authority of Japan.
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Table6 Summary of the GNSS observation from 2023 to 2024.

g% AR B | B E ALK
1 2023/7/9 | 2023/7/10 6
2 2023/8/31 | 2023/9/1 8
3 2024/5/29 | 2024/5/30 8

3) GNSS B H

BB A D R 2 FHE 5 (No1T) B D 3k (i
b, P, EF) TRUEMBRZERTIORT. ThZh,
b, WEBXU LEANOENZ EOTST, M, HBXU A
MOZEN 2B DS TRLTNS.

B OKER, 2 =L EEEENE S Nz m3, Nos,
No.9, No.11, No.15, No.20, No21 8 & U No.22D 7 i T
HH, 3L BITEEMDE S Nz MIE No.1s, No.20 B &
UNo22 D35 TH%. iz, 1EIHOBIT FIX @55
Nixh->7=Dld Nob, Noll D2 THH, 3EIHOEHAT
¥ No7, No9D 25 Ths. TNHDFEKE LTI, BIH
RSNV C EIThn R, SRS, KO8R EDRigixi
B, HEREORINMRRTH 7T L, TEIEZILNS.

FHAMIC B 28D 2 H B 128, FRDRMIDHERE
a5 DENMICEZE L DEXKSIT/RT. A~B O
W3 EHZETEINC I B Perl 12, B~C OHEIE Per.2 IC7

NZENHYT B, WIThOHICBNTE, £ DMATH
EBXCHEFESMOENMIZZFNZN001m (1cm) KAAIC
NE->THD, 2HBZELTE002m CQcm) BET
Hote. Tz, EFAMIICDONTE007m (7cm) FBET
oo, BRI EERE (&RE 1500 m 21 » 5 HRES
N2 HBRT ORI, ACE/TANC 002 m R, ERAm
FZD3I~5ETH 5 006~010mIEET, £LDIEMNZD
HFHANICINE > T3 eHElE NS, £z, No.20 id Per.2
SBWVTHISMICH SIS 008 m (8cem) FEE, F/AMAIC
006m (6cm) FEZEMLTWVS. TOBHLTICOVTI,
7 VT F OFRENMBDE CAIE T b > 72 &K &R
bhzs.

L7 > T, ARBIIIR I 3503 % GNSS Bl ok B A
5, Hllfk~KkOFE—HICB O TIE AR R MRZETI
Molz b O 2T EMNTES.

34 HZRENIEGRE
1) AERBEAIC OV T

HRENL (Self-Potential) &1d, HINREOHIEHICET S
WO ETHD, ThCEBRL 2 OB AZET S
T & THI RS Z TR 2 W ERE T HARBAEA
%. Hirho&EHKIEEhE UTEE, Fe OFRRENM
7% (ARBAEE) BE09CLh D, AREMEET
KPEILRFEED FEETIELLTRELHVWLENTE
o1 W EELRAETIE, HIENFIIR TR & O R R IKDFE) 2
R % Fik e LT, HigAsso L ¢ o Rk AR
&, BRUEEZXY VTHREREISHINTVS
2) FISRBITEA

X2 BRUE LNRLUTIEBEHED S B, HEDHATK
& U7z No.12, No.14, No.16 Z[R< 21 Hifizfgic, #
ITRUARTHARBMBFEEZEM U, DIF, SEOH
% SP DU T LA TRY. HEDHEG T, SP2 &
SP3 CldB K Z—HE DR MNZEL A, 2RITE 21 #HIHT
WEZITo T e D, iRl - RO E 1 1 ofE e L
T, LU SP2&3 L &Gl T 5.

BRI N ORI o7 (M8 BXUEH D).

F9, KBS (X2 W2 ZEMESE L, %
B LDz, FE 10cm BEOROHITHEIRICL
ey hHA b2ile, ZFo LicHEEREMmRZRE Lz, R
FMEEM & B U, B2 BER Lah b SR A
Bk, HEHSOXR 2@ B L THOUKL, BEEmE E
WCHHETRM & DN EZ T A X —THIE « ik L7z, #&7T
BIIBFUREIEIEERITV, ROFEEHSABE L 72,

HUEEM, BHEME £ Wolf Vegyi #1454 Pb-PbCI2 JE/3
wERe LV, BRiE U 7o S O AL ) iR RE 0.1 mV O
HIOKI #8457 ¢ & 2 )bnA T A% (3805-50) Z Wz, Sk
HE S L BRA S O T — & & Garmin 18N> 5 ¢ GPS
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# 7 GNSSEHRIR. BSOS EZ No.17 2L Ul 3 O Z R TRY
Table7 Results of the GNSS observation. The coordinates of each point are shown as three-component changes based on No.17.

No.6 N(m) E(m) u(m) No.15 N(m) E(m) U(m)
A(2023/7/10) - - - A(2023/7/9) 849.4620 | 1072.6108 | 77.0068
B(2023/8/31) | -521.7386 | 752.4294 89.3624 B(2023/8/31) 849.4733 | 1072.6069 | 76.9715
C(2024/5/30) | -521.7211 | 752.4485 89.3751 C(2024/5/30) 849.4810 | 1072.6218 | 76.9353

No.7 N(m) E(m) u(m) No.20 N(m) E(m) u(m)
B(2023/8/31) | -211.1982 [ 811.9808 78.7799 A(2023/7/9) 330.7918 | 1179.5552 | 144.0924
C(2024/5/30) - - - B(2023/8/31) 330.7986 | 1179.5596 | 144.0484

C(2024/5/30) 330.7911 | 1179.6397 | 143.9879

No.9 N(m) E(m) u(m)

A(2023/7/10) -79.4987 | 974.7536 97.0572 No.21 N(m) E(m) u(m)
B(2023/8/31) -79.4899 | 974.7581 97.0460 B(2023/8/31) -9.8969 1315.1778 | 267.3617
C(2024/5/29) - - - C(2024/5/30) -9.9036 1315.1643 | 267.4209

No.11 N(m) E(m) u(m) No.22 N(m) E(m) u(m)
A(2023/7/10) - - - A(2023/7/9) -264.1819 | 1381.3083 | 309.3425
B(2023/8/31) 113.7006 | 676.6051 49.6392 B(2023/8/31) | -264.2009 | 1381.3013 | 309.3387
C(2024/5/30) 113.7197 | 676.6189 49.6351 C(2024/5/30) | -264.1923 | 1381.2759 | 309.3573
%8 % GNSS Bl 1) 522
Table8 Displacement at each GNSS observation point.

No.6 N(m) E(m) u(m) No.15 N(m) E(m) u(m)
A(2023/7/10) - - - A(2023/7/9) 0.0000 0.0000 0.0000
B(2023/8/31) 0.0000 0.0000 0.0000 B(2023/8/31) 0.0113 -0.0039 -0.0353
C(2024/5/30) 0.0175 0.0191 0.0127 C(2024/5/30) 0.0190 0.0110 -0.0715

No.7 N(m) E(m) u(m) No.20 N(m) E(m) U(m)
B(2023/8/31) 0.0000 0.0000 0.0000 A(2023/7/9) 0.0000 0.0000 0.0000
C(2024/5/30) - - - B(2023/8/31) 0.0068 0.0044 -0.0440

C(2024/5/30) -0.0007 0.0845 -0.1045

No.9 N(m) E(m) u(m)

A(2023/7/10) 0.0000 0.0000 0.0000 No.21 N(m) E(m) u(m)
B(2023/8/31) 0.0088 0.0045 -0.0112 B(2023/8/31) 0.0000 0.0000 0.0000
C(2024/5/29) - - - C(2024/5/30) -0.0067 -0.0135 0.0592

No.11 N(m) E(m) u(m) No.22 N(m) E(m) u(m)
A(2023/7/10) - - - A(2023/7/9) 0.0000 0.0000 0.0000
B(2023/8/31) 0.0000 0.0000 0.0000 B(2023/8/31) -0.0190 -0.0070 -0.0038
C(2024/5/30) 0.0191 0.0138 -0.0041 C(2024/5/30) -0.0104 -0.0324 0.0148
(GPSmap62S]) TH(fS L 7z. a=X,/Y

EHIC, BMOBLICHS FUT bZHIET 578, HliE KXo THEIL,

FrfalE &A% T IRHC I3 EHER MR OB AL B fE M e 3iE U CllE
Uz, #EICH Tz > TIIEMOALAREENC LB L THIZIC
FELTOWBLDEUELT, FHIEFRE o %

X= #& 7 IR ODFE i — BHAARE O JIE i

Y =& 7 IR — BRbARE|
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MIEME=HIEM+ax  GAERZ]— FAERZD
THIEEZFH Lz,
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HHAEHRTOHT, Wl IEICAIE 9% No.18 VKR
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Table9 Summary of the self-potential survey. from 2023 to 2024.

REA | .. o BB S
) #EH 8| #&8 =E % =

1 2023/6/28 | 2023/6/29 21 A R BRI
B

2 2023/8/24 | 2023/8/24 18 No. 1, No. 13, No. 15004k 0
AR

3| 2023/9/1 | 2023/9/1 C O s .

4 2023/10/18 | 2023/10/19 21 Bt

5 2024/5/29 | 2024/5/30 21 B4

RS BETEIE

8  HRENHRERX

Fig. 8 Conceptual diagram of self-potential survey.

G 1

EIRBNIRE DR T
Pic.1 Scene of the self-potential
.= survey in this study.

RELGABROEZZ T VWEEZLNSE I LMD,
No.18 Z &I DHEAET (=0mV) & U7eniyzadEnizs (B

T, EfEL KR ZEHLUE.

R

HREDEN A2 101

SP1LIC B 3 F A M DEN £ Z A7 LTK 9 IR
T, RHRE B IEOBAEZBINLTED, FICHKRETRL
TePRAMNIE 350 mV DL LD @EWEN D, FERTRUHE
Ath A 250 mV LU ROV ENZE MR LTz T & 2R

LA o K E TUE 4-300~+400 mV F2 B D &V EE N

AR L 72,
FHTHIE LD 7.

Zel U7 BAI A E XAk, Y KIDEA%
—77, KIJE O No.6 Tld+
184 mV & JEBH & LERTE L RV ENM ZE B LTz,

h

5 DRSS 1993 4RI E M E Nz BIREMFEE ORGSR Y L8
LILTHH, Hlkic BT 2 EENEEHAREN B EEZ

bNs.

#£ 10 SP1~SP5 D HAREM HEAFER. No.18 HifiZz OmV & L7z
R B 2 TR
Tablel0 Result of the self-potential survey. Results are shown as
relative values from No.18.

2023468 20234%8H &98 | 20234108 2024458
R (spP1) (SP283) (sP4) (SP5)
HiEs 409.2 4125 4141 4236
No.1 388.0 398.3 390.5 394.1
No.2 320.5 326.5 298.0 320.6
No.3 286.4 295.6 295.2 272.4
No.4 391.7 306.8 399.2 389.5
No.5 327.3 319.3 291.5 303.5
No.6 184.2 189.5 190.6 188.6
No.7 379.0 320.2 365.0 384.4
No.8 3725 353.7 370.7 37238
No.9 395.3 365.0 367.2 383.1
No.10 353.7 388.5 335.3 340.7
No.11 390.8 392.2 3927 401.9
No.13 404.5 401.6 3945 391.7
No.15 443.1 450.0 413.0 450.4
No.17 4143 414.9 414.4 4174
No.18 0.0 0.0 0.0 0.0
No.19 385.5 418.8 387.6 370.0
No.20 409.1 460.0 459.4 463.8
No.21 4196 439.9 4205 4234
No.22 380.3 417.6 404.4 399.1
No.23 346.7 356.1 423.0 4447
No.24 4217.6 4279 4245 4384

T T T, WGBS B2 RET %72, Sl To
SP1 MENiF% 0mV & L7z, SP2&3~SP5 DA & D7
SEZEEL (E1D, SHER0ZbE, O%E, @ SP2&
SEHCIA, @ SP2&3IFICHEN, @ZDAfth, D432 —:

WKHREL 7 (K10).

DRcO~@DF 7z ik R %.

O LHEZECTEICZ LGS

FHUERS, No.l, No.3, No.6, No.l1, No.13, No.17, No.24
DTHEDEZEL, 15mVUNOZEIcEEE > W
THEXXKD YAOREWBE F—LhoENA T
5. (K11-D

@ SP2&3 WHCTEN D L WA Z i U fz Rt
X KL F% D Nod, No7, X T Y KLIEMED Nos,
No.9 Dt 4 HigiAMEZ4S L, 19~85mV fs’b LT\ 5. SP4
DiRgcEMAEOHMEmZ /xR L, SP5 THRamEIE T 5.
(B 11-2)
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Fig. 9 Results of the SP1 self-potential survey. Results are shown as relative values from No.18.

X111 BEAEHSICEB T 2228
Tablel1l Changes in the self-potential survey results at each point.
X5 = SP1 SP2&3 SP4 SP5

BER 0.0 33 49 144

No.1 0.0 104 25 6.1

No.3 0.0 9.2 8.8 -14.0

DRE No.6 0.0 5.3 6.4 44

No.11 0.0 1.4 1.9 11.1

No.13 0.0 29 -10.0 -12.8

No.17 0.0 0.6 0.1 3.1

No.24 0.0 0.3 -3.1 10.8

No.4 0.0 —-84.9 1.5 —22

@SP28&38F|  No.7 0.0 -58.8 -14.0 5.4

[CHD | Nos 00| -189| -18 03

No.9 0.0 -30.3 -28.1 -12.2

No.10 0.0 34.8 -184 -13.0

BSP283EE No.19 0.0 333 2.1 -15.5

= No.20 0.0 50.9 50.3 54.7

No.21 0.0 204 0.9 3.8

No.22 0.0 37.4 24.1 18.8

No.2 0.0 6.0 -22.5 0.1

@0t No.5 0.0 -8.0 -35.8 -238

No.15 0.0 6.9 -30.1 7.3

No.23 0.0 9.4 76.3 98.0

® SP2&3HRICENIZDE LW EINERKH U Tzt
HAS F— L & Z 0O % D No10, No.19, No.20,
No.21, No.22 DEF5H S MEEY L, 20~50 mV #4in L T
W%, No.20 Z k&, SP4 LI T AL M A E M Z R
9. (®11-3)

@ O, @ @ONNEZ—rnTFheEHED, FIC SP4LL

BEIC BN A DA LM U T A

No.2, No.5, No.15, No23 D 45D H %49 5. (X

11-4)

4 G

4IHHDOE= 2 VT IRERIU UTRSR, LA A
& GNSS Bl TlE, MEGEABRICTE S ARAZILHRD bk
ol D0, THEBBM & HRBEMEE T, ERGEEH
FHCARMAGZLERRTE. AHTIE, ThHoiEREL
125 LEERICDOWT, @R 21T5.

ARFEAB A 3B B LU OTEINE, KERITOKLE
AHEHY OB LTV EHEIE N, JLH A &
GNSS Bl CHBEGELNRS bNEh > T & LFRFINT
H5.

—J5, ENEHBINCE O TIE, AESENZHEEDR
TV5%. —MANCEMENZT ZERICIE, H FORAKS
BENHOZ, BlHIcE I 2HE£D ETIEHNS S
B, AFHEOLE, GNSS BIORHEA A 0.07 m F2ETH
D, FEFAHPN (006~01m) ICEFFEND. RKITHEKREZD
0.1mDEFEFHRELIE LTS, SEAICKSEIR
WALDZ(LIZH) 31 uGal TH B 728, No8, No9lcHiF 5
K 65uGal DZA{LZFHT B LIETERWL. LEAoT,
BNHEBO T LB FOBRENMIOELTHE EEZD
Nz, WETO L FEFHFAES T ICH FOBES i % 21k
TELHGKL U, HROREENICHT SHRAOBEINE
Z5N5. WHHEENTRIEDIEINT % L &KEL BN 5720
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Fig. 10 Classification of changes in the self-potential survey results at each point. The topographic map
is derived from “GSI tiles” by the Geospatial Information Authority of Japan.
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Fig. 11-1 Changes in the self-potential survey results at survey
points classified as stable (D).
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Fig. 11-3 Changes in the self-potential survey results at survey
points classified as increasing at SP2&3 (®)).
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Fig. 11-2 Changes in the self-potential survey results at survey
points classified as decreasing at SP2&3 (@).
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Fig. 11-4 Changes in the self-potential survey results at survey
points classified as others (@ ).
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Fig. 12 Images of water level change in the reservoir by flow test.
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