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Abstract

Major constituents in thermal waters were measured in October 1998 in the Toya-ko hot
spring area, southwestern Hokkaido. Repeated measurements of temperature-depth profiles at
nonproductive wells were made in the period from 1984 to 1997 and a data analysis of tempera-
tures of thermal waters pumped from productive wells measured for the last 25 years by a user’s
cooperative of thermal water in the area was made to reveal secular variations in temperatures of
thermal waters. Thermal waters coming up from the deep through fractures flow above ground-
water in an unconfined aquifer from the mountainside to Lake Toya. Thermal waters discharged
from the area are chemically divided into two types : Na-Cl - SO4 type thermal waters in the east-
ern part of the area, and Na - Ca-HCOj3 type thermal waters in the western part which are found
after phreatomagmatic eruption occurred in July 1978 in the central part of the Usu volcano. Total
discharge of thermal wters from the area is decreased from about 3,000 I/min in the period from
1974 to 1985 to about 2,000 1/min for the last six years. Maximum temperatures in thermal water
aquifer observed at nonproductive wells are decreased at rates of 0.58 ~ 1.19 C/yr (mean, 0.82°C
/yr) and temperatures of thermal waters pumped from the wells are also decreased at rates of
0.40~0.69 C/yr (mean, 0.61°C /yr) for the last decade.

Key Words : Toya-ko hot spring area, thermal water flow system, temperature of thermal water,
chemical composition
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Fig. 2. Location of wells drilled in the Toya-ko hot spring area.

@ : Productive wells ; © : Productive wells, usually unpumped ;
[ : Abandoned wells ; % : Wells drilled for geothermal survey
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& L7-RIRMEREY S B CE CEDNR, ZOTERICABRAILD SEH L 744 L a2 E
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VETHAETAHLEEZLNTWA, HARMIERTIE, FLALOERINGILEEDO TRBE T
Hlgh, 222RNABERREHELTWAE. ARILESIZIEFISEAMEITE <, 10O (1984) 11
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®CESLERORND D % LHEE S h b #5 Fig. 8. Temperature-depth profiles measured at well
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Fig. 2IZ7R LTS 5. BRIy IOBERPLBHEENTEY, BEBHIEEIL387~658CTHY, &
Ht & 131,265 1/min T % (No. CIIHENHOLEEROERTH Y, ZoRIZIRETh VA
). No.4,7,8 10 R 11 D5FRITFHIER TH ) AE LS SN TV AP 57225, FADTD
(SRS L CEIIBE A MIE L7z, 72, No.9, OD8 HIRUFD4 » FridEEHTH Y, HF
ROTKEE AN THABNOBRZTIUL, #EICHE) L CAEZE%E L7, Table 1121, =
NODOREAEHRE L L TERNIRLTH S, $TICBRRZED I, ZOHBTIRIESE 1T
KD LERIZHE CTEA  THB ) BFROKEITHA L ) bF LB RETH S, BESEI130~
2BmEFRIZE o TRV END D720, HWEHIEERA ML —F—DEEIZIELDXSALNL
7, WEFHEH No. GSHIZ B &, FERIIVFNLEBERFEKBO LB T CHEYISATBY, A b
L—=F —=2NKE & ) RREWEIZERIT SN TS,

Table 1. Description of wells drilled in the Toya-ko hot spring area

Well Depth Screen Produption Temperature Pumping rate
(m) (m) Period (©) (1/min)
1 93 76—81 1960—1983
2 147.7
3 65 59.5—64.5 1962—1998
4 76 62—70 1963— 29.5
5 101.5 90—100 1980— 38.7 220
6 86 69.5—86 1979— 40.1 120
7 89 81—89 1967— 33.6
8 170 87.5—100.5 1982— 34.5
9 120 87—114.5 1982—1996 (46.2)
10 115 104.6—115 1970— 30.7
11 150 133.5—150 1990— (42.1)
12 120 92.5—120 1983— 65.8 160
13 112.5 93.5—110 1985— 45.3 180
14 132 98.1—124.7 1990— 53.3 130
15 130 119—130 1992— 64.9 100
16 117 106—117 1998— 57.9 130
17 124 110—121 1998— 53.6 125
N9 97 96—80.5 1996— 47.8
0D2 61 1960—1981
0OD5 98 1965—1978
0D6 70.5 1966—1984
0oDS8 114 1968—1980 (32.2)
0D9 123 1968—1982
GSH1 1202 929.3—1202
H1 153 131—153 (28.9)
C 30 59.0
F 40.2 (28.5)

Temperatures and pumping rates are measured in October 1998. Values in parenthesis indi-
cate temperatures of thermal waters in aquifer collected at nonproductive wells using with
well-water sampler, measured after lifting it to the land surface.
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1977410 A 75 8746 A £ COPUEHENZNENCIEEE L HCO; SHEDBBEZHVTRLT
HBH. ZDHB, TTEI0ADS 81412 A T TIIALIBE TEERFEINC & - CTHIE SR8 (L0
ft, 1980 5 11T - S, 1984) DSV CTH 2. FERILNOEIIEENZ19774E8 B 7 HICHEF 5 7275, 1977
FI0ORICBZDOEENMIILAL R, CIEAEH2~1,185 mg/ITH ), BERICE-TEL (R
ZoTWaBLDD, HCO3& A E(3234 ~351 mg/1 & HBHMKIEE CTIZIZ—E LT, LaL, 78
FRAITHE, IO (1980) 23R LTV 2 X 912, HUSTEEi 04 @ ILELICE R 2 B8 D HCO;
EHEDVTEIIHML 2. #5812, No. ODS K U1013BHE 421k %R L, HCOs & HEAZ 2N 351
mg/17° 5 964 mg/112, 306 mg/17>5 940 mg/LIZHIML TV 5. Zhid~ 7w kESBRICES b
DTHY, WEEDOEIIEE L IHRORL 5 AESBHIT8ETAISHICET Y, 10A50%5
RIKE LTS, T9E8ANS 81412 A T, ISR CTHCOs&AE BN 2 A% 5
N%7%%, No. 100HCO3EHEITIZITL A LZEA %R L, CIEHEIZ200mg/IFEEDEE A LN
% (81412 3 121&No. OD8 THEIH Eh T Wi \y), 20, 87THETAICIE, %L DESLTCIEEED
WA LHCOs &A= HEML T, H:1Z, No.4,67% &, ERISAT 2 HIRO hdifi 5 5 5
TIREZDEEAEETH L. 2512, BEIOADHEER L BT 2L, ERCHOCIEHEIE D
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BWEEZRA. 72721, No. HITIE, 8843 AI213iRE43.1TC, HCO3 & A EAH837Tme/1 DRSS
Bl SN TVIZAS, T Tl L 512, 984E10 A IZIZBRH KRB A 5 HCO3 &4 871,250 mg/1
DEHCO3 DIRAARIE N7z, 984E10 A ICEM L 72 IBERBORKEICL 5 &, No. HI TR
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#507% (2001) JeiE T FR RS O FK BN R 211

1000 _ (@ Oct: 1977 : 1000 _ (b) Aug. 1978
K oodle
3
— < o7
e I "] - E
£ 500 = so0f °F
e ! o L
g |[Mgt g [ness o
E= [c® €4 o 2 6 ol I eC
§ .! L] E .2 P
0 o PO PO N L | [} R ¢/ N S N S UL N S N
0 500 - 1000 1500 0 500 1000 1500
Cl, mg/l Cl, mg/l
ro00 _ © hue e toso (@ Dec. 1981
?‘04 I l:
8 o0
® 002 i 3 4
- L
SN e -_—
"] : b ) L
E’ 500 |- g 500 |- .5
8" 0Dg B 6"
= e . = o009
Oleeeis g o o 3 oo T g gl [ T SE TN SR IR S WA
0 500 1000 1500 0 500 1000 1500
Cl, mg/l Cl, mg/l
1000 (e) July 1987
.“1 ,
5
L GuP” @7 ¢ 9
_ o’ 13
) i
s
~ 500 |-
s I ol2
(%]
x
eB eC
0 TS BRI S A AP
0 500 1000 1500 2000
Cl, mg/l

Fig. 6. HCOg-Cl plots of thermal waters showing changes in chloride and bicarbonate contents after phreatomag-
matic eruption occurred in July 1978 in the central part of the Usu volcano.
The plots (a), (b), (¢) and (d) are based on data set compiled by Yamaguchi et al.(1980, 1984).
Measurements at well H1 shown in the plot (e) are made in March 1988.
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Fig. 7. Change in total discharge from the Toya-ko hot spring area.
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Fig. 8. Changes in temperatures of thermal waters pumped from productive wells in the
western part of the Toya-ko hot spring area.
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Fig. 9. Changes in temperatures of thermal waters pumped from productive wells in the east-
ern part of the Toya-ko hot spring area.
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DR THEIRDOTHS. No. 12% k< &, # Table2 Decreasing rates of thermal water temper-

HIREOE T, M OREA0.40 ~ 1.46C /yr ature measured at productive wells (‘C/year)
(FHL10C/yr), H#EH040~069C/Hyr(FH oy Diffation
0.61C/yr) £ %0, RBHEIWD LIzBETid 1981-1986 1981—1986
BRERTEIDPL VNS EoTRE. 3 1.24 0.66
SO RREETEOELTRRELT, B ) o o6
TERBPHLHRBENTOBBFREDOEERTH 5 6 1.46 0.40
Wi EDRD, BROEZEHE LR E0E L 7 1.46 0.69
5%, No. 12 TIFEHIBE DL T A580D T & 8 1.10 0.69
W, COWRBBHRESRLE R OB i g
REeBWHR LTV L HBOENB ISRV EEZZ SR 12 0.07 0.26

B2l n, S LOBBERVERLTVS
PEALIL LA O 2 R E R T R RROBERTICL 200 TRV LI AL LD Th 5.
tﬁL,&ﬁkﬁ&éiit,Mﬂﬂﬁ@ﬁ%%ﬂ%ﬁ@ﬁﬁﬁ#&DﬁTLTﬁD,%R%ME
WETIEE OMEICHAE SN TV BIRRROBREAE T L - THEMEAT . AiiEs ok, HF
KO EEITRRDE LA 2 TR B 720, 138 A E DR TERE OB I > TH FAINEA LT
Wb, bL, RRROKEIEEGIED Lz T2 E, HTFAIRBAT2EEIRE ML,
COWHTHE SN L) 2BHEBECRTIE L2 EATFEEINS. L L35, EE,5
DERMOBIEZMETE 5 L) RBHET > TV RVDT, DS OMEENEL LA ES
PREP TR, 72, LRBTELEBOBREZHBE TS L, TRICHNLEAOKEI RS LET
BRETERRVIRE CHEASNDL L)L L, HBOBICHTAIEATZE48 L, =0t
TBRIZUELITERLZ2 L)1, TRHBOBERCOBHEENE LR TTs2 L1245, B
@ﬁTﬁﬁf@@Hd%@@ﬁﬁt@ﬁT%@f,ﬂ%t%i%ﬂt%ﬁ%ﬁﬂﬁﬁéﬂﬂ%@ﬁ
EPBRTTLL, BEIBHSNZEEIHE L, BRIEEIREIETT 2T D2, BHIC
LAHMEERTR, BAELHTROMEIOEIIZE b %o 7B RESLIRESE I L - T
PRERABL L LN TH LY, I TCREMEFNERToTWAVDT, 2R5DEEETIZ
AEER-7 T IR F Y APARY

L2L, WEFRIZL TS, 19874, ZOMIBOBE SIS LB HIEE DK TR A L
S L RMIREROGHENELREDORT L HHLERISH LI L2 RBLTEY, HFERe
SRS N TV BIRROBEIIN T 2RIBHEOLI D2 RFEZ B L 72 & X, BHIEEOM T4
ELZETREND, WFRMIER TIE, BIHEEH3,0001/min2>5 2,000 I/min 1254 LT b B 15
AT Lt Th ), #i55HE272,000 /min T ZOMFEA L, BEIEEI R ->TWa L
ZAbh5,

EIAHT, Fig. 8IZALND & )12, HIBFEHO4 » T OBFR CIHEHIRE)~ 7 v KESBRD
PRICSEICEILL T b, BEZEMO/ Y - 3EBICAMTE Y, BHEESELET L&
SOHREH~S L, No. OD8KU 107 b F <, No. 7, No. 3L KEIERTWT, FEEREDE
W RBELACARROWENC & b 7> TFHRABET AT 2A52 5. EEIET L7 HIfe
(F15~30HDIED BB A, TOHFIRMEEH BT L L LT, HEOEN L ESREOEERESIERD
FHEE KD B &, No. 107/ T5.5 m/day, No. 7-3fT3.1 m/day, No. 83/ T2.1 m/day &
Gole. THIHABAELRNAKOBNE LTI THEWIETSH Y, BRSNS TRHETH 20
LIBRETHREIL TS LT 2L, & ERHOBEIECTE U2 REELRAL RS DB A
TEDAICHEE CEETAZ LI 5.
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6. HKEBDREZEL

AR R R EFAEH 2 E2HWT, 198445 AD 5974110 F TOMIC10[E, BEKRRE %47
W, IRRTKE DIRBEZE(L % FH-X72. Figs. 10a, 10b12, REMNLER, BEFEFICOVTOREE
fRERL7., BECRERBEZBRVELZBERICOVTIE, RAYMEEIC: LWL ) 108y 2
MR Z B THEGRIRLTHS. ZOHMBTIE, HICALNE LI, FLALDERTE
WATKE DIRENEAET LT3, No. HLIZEHBILELOR Fieh iy & - A+ T
EH 2%, BEFTKBAORESRDECRERTAE LY. 22 TIR19884E8 AR5 974E11A F
TOIFEMICI0CL LOBERTIBRA SN TS, F7-, No. 9 TIHEREKEBHNOE B3
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Fig. 10a.
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Repeated measurements of temperature-depth profiles at nonproduc-
tive wells 1, OD2, 3 and 5.
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Fig. 10b. Repeated measurements of temperature-depth profiles at nonproductive
wells OD8, 9, 10 and H1.

FEALVDBUFETARVITFNLADIEFLACELEL o TWAHR Y, BINMREELLEZRL
TWwb., ZOFRISEIAITHHEH L LTHHINTWAERTHY), 7EILADHEZ KR
&, WINS KR TE2BHT 570 GARBAKRE L-HICHIE S NZBESHATH Y, HEIcX
BEER, MIBRO L) IIEMFTOERELEA N —F —DYEET> TWENDT, TOHEIRE
SHEICEHRTWE LD EEbNA.

IRERRE ORI SIRAETFTKEAOREIRE 2 KD, ZOREE(LERT L, Fig. 110X H12%
5. No. 9% EHRELZRERLEZRTERAYKRE, BEZLAERICH TIOTEERTEL RED
% &, 0.58~1.19C/yr(F#0.82C/yr) &7 o7z (Table 3). T DEIX 1987 4ELIFEDE HiRE DT

RIEC, BERBZIEIIHBLAI L 2ER DL, MBROFIEHTLEHIRE L AREOR
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Fig. 11.  Secular variations of the maximum temperatures in thermal water aquifer mea-
sured at nonproductive wells.

Table 3. Decreasing rates of maximum tempera-
ture in thermal water aquifer, measured at non-
productive wells

Decreasing rate

Well Duration C /e
1 1984—1997 0.84
OD2 1984—1993 0.58
3 1985—1995 0.77
5 1984—1995 0.95
8 1988—1995 0.84
ODS8 1984—1997 0.73
10 1986—1997 0.66
H1 1988—1997 1.19

BEETIEITLTWAELEL S,
7. %F &£ &

TR EHRRA R FAAE IS L o T, 1974475 974E F TO2BERIT 72 - TEHE S M- ZESD
HHECEHREORG LB, 1979 £ 5 974F F COMICI0E, FFHIES % H\v CRER
BEiTe, BHRERERTKEORELMLHAN. 51219874 K 1N984E 12 1B 5 O fb 2547
AT, 19T EFBHRIIEKEB R OER S OBILE R, ChODBRETEDD L, RO
RN s
(1) MFBERR TIE, RIRZ2HTAD FERIIRSATE < HATY (LD & L1 14 - THE) L

Tws. ZOERIZINOFEDHEHRXILIDOEAIERICE 2o THOTEHRTL LI 125720 D
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ThHY, BIEHICE D B o TELLBEKOOKERHE SRR OME L 2D, HTEFIT
BE LTRSS S EFERS S ENTER L TWA, CIEEE L HCOs&HED MR
25, ARMERTI2ERMOREARIIETAREIEE LTS LTSNS, Tz #ilsnyic
HDE, HIBTELOSRIIEEIRICHCOsDS W RERERAEH L, HEOWwHILALSH+=
U2 2T TOHIFIZIZ CLAE £ SO DSBS R LR ERIE R 25EH L T 5. 1977FE DK
EELATIC I VTR OER b HCOsEFED A WVIRRE B L T\ /zhs, 19787 HD< 7 <K
EEBROER, IO (1980) 23HE L T\wWab X 912, #smEs oS @IIELIER T 2R
DHCOsEHFENAEIML /2. 20, KHCO3DIRRZEET AR TOREIZHCO; &F
EAEEIIL, 87T4ICIIEHCOs DREMTLVEIC D20 TEMT S L)1k o7z, 984EITIL8T7
WL CERBOLFRF IR ERELD A SN o720, BEOTETIE, SHEILAE
Lo EHREONo. HLIZBWT, ZOHE TR HCOsEEEDEL WIREVEI S 7.

(2) 1977 £ DO XIFEH LN KB R OB HEBEEIZIZT—ETHER L T/, T8FED~Y /< IKE
ZBROMRIC, WIHFEENS { OJFRE CEHRESSEICELL, BIIEELET L D IREN EA
L7, #0%, BHREEIELARTTALIICRY), ZOEMEBRAESHKEVTVRE. 0L %
EEETIZ, BOEERER2ELET AN 122K E, HOLETOERTALNIHERTHY,
19814E0° 5 974E S COHIB % 814ED 5 86 T TR &, STENLITET TORYLIZHIT TR
B TEL KD B L, BMORTFES0.40 ~1.46C/yr (F¥1.10C/yr), #%¥250.40 ~0.69°C/yr
(FF30.61°C/yr) & 2 o7z, 19844F IZIREEMRIB % Bigs L, BUE T CARFHRRE LA 2 v
TEREKEOBESA LR R LUEE LD, FORKE, 3L A EOJFER CIRRETKEDIRE
FETLTEY, BBEERCERERTIETLTWAZ LWL R o7, Tz, RRTKE
DESEEMETELRDS L, 058~1.19C/yr(F#H0.82C/yr) L %o 7=,

(3) 1974%EH 5 854E F THO 1 ERIT AR IER ORBHEDL B L £3,000 I/min & 1ZIT—E Xk o
TW7S, B RIREME Y AT A D5E A S NF Rk O BRI YE S NI HESRA L7z
itk Yy, STEED LBIBEEVEHITEL LIk, 9EDMEIZE X £2,0001/min & B5EE
AUETD2/31 A L7z, L L, 94FELED & HIRERIRRTKEANORENMKT 3 2 @ms
BEWTBY, BHEEEH72,0001/min T BEEEICLoTWh LTSNS,

8. H & HZF

200043 A 31 A% 1E1045E, AL ALz, BfE, BSHIREIZEIVDDH ),
— RO & B\ CREHIBOIRESRR SN0 T, BREOALET-oTnh. ZORKRICO
WTIEHEWTIEA R A TRET LI TETH 5.
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