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Hydrological Structure and Thermal Water Systems in Kojohama-Takeura
Hot Spring Area in Southwestern Hokkaido

By Koichi URAKAMI
Faculty of Engineering, Hokkaido University

( Received November 25, 1986 )

The Kojohama-Takeura hot spring area is the intensively developed western part of the Shiraoi
geothermal field in the southwestern Hokkaido. There exist 91 wells drilled to depths of 300 to 1200
m in a coastal plain bordered on the east by the Shikyu river, from which more than 7000 1/min of
thermal waters with temperatures of 28 to 57°C are pumped for domestic use and for bathing at hotels.
Development of thermal water resources in the area was started with the first drilling in 1963 and by
1975, 91 wells were drilled there. At the early stage of the development the wells were discharged
large amounts of thermal waters with high pressures. The excessive withdrawal of thermal water,
however, caused a rapidly decrease in the pressure head and a subsequent decrease in subsurface
temperature. The average of the pressure heads in the central part of the area decresed from about
8 m in November 1969 to about 4 m above the ground surface in November 1972, and now it falls down
into about 7 m below the ground surface.

This paper discusses hydrological structure, thermal water systems, and changes in subsurface
temperature in the area based on major constituents of thermal waters and on temperature depth
profiles measured five times for the last ten years using nonproductive wells.

Thermal waters discharged from the Kojohama-Takeura area are highly alkaline (pH 8.3—8.7)
NA —Cl—HCOs; type water, but their concentrations of chemical constituents vary greatly (TDS 0.2—
10.4 g/1). The thermal waters are grouped into three categories : highly saline sodium chloride
waters, sodium chloride waters with modelate to low salinity, and sodium bicarbonate wtaers with
extreemly low salinity. Highly saline waters are only found at the Ayoro river basin in the central
Kojohama, the waters in the last two categories are widely distributed from the eastern Kojohama to
the eastern Takeura. Furthermore, the waters in the Takeura are subdivided into the moderate, low,
and extreemly low chloride waters which are respectively related to three parent waters named C, B,
and A.

The Kojohama-Takeura area comprises six hydrological units : surface groundwater aquifer,
impermeable cap rock layer, and four major thermal water aquifers. The impermeable cap rock
layer of 100—200 m thick covers thermal water aquifer over the area and prevents infiltration of
surface groundwater into thermal water systems. The thermal water aquifers are separated from
one to another by impermeable beds of 30 to 70 m, so that four separated thermal systems are formed
in the respective aquifers. The aquifer containing highly saline water underlies in the Ayoro river
basin in the central Kojohama. Two aquifers, namely the upper and lower aquifers, are distributed
over the area from the eastern Kojohama to eastern Takeura. The upper aquifer just below the
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impermeable cap rock layer contains parent water A, and the lower aquifer in the lower part of the
area contains parent water C. The middle aquifer which contains parent water B is distributed in the
intermediate zone in the western Takeura.
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Fig.1. Location map showing wells in the central and eastern parts of the Shiraoi geothermal field,
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Fig.2. Location map showing wells in the Kojohama-Takeura area in the western Shiraoi.
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Table1. Major constituents of selected thermal waters in the Kojohama-Takeura area, sampled from

August to November 1976 (Geological Survey of Hokkaido, 1977).

total desolved solids (TDS) are given by mg/l.

Chemical constituents and

Well Depth Temp. pH Na K Ca Mg Cl HCO, S0, TDS
No. (m) C)
K-7 1000 48.0 8.7 3405 106.5 2654 494 4597 217.2 1766 10350
K- 8 710 478 8.4 1201 474 27.2 4.0 1243 2574 7294 3492
K-12 419 47.3% 8.5 785 38.3 7.2 20 869.3 3135 299.2 2283
K-20 467 52.2 8.3 747 358 7.2 1.1 8125 303.8 2718 2191
K-23 549 517 84 826 44.8 8.9 16 901.2 3477 3279 2478
K-27 375 476 8.5 451.0 18.8 4.7 1.1 5736  200.1 66.3 1332
K-28 600 438x% 8.5 380.8 20.6 4.7 05 4620 1854 53.1 1151
K-34 462 48.8 8.3 325.3 15.7 4.1 09 3945 1769 44.1 1017
K-36 420 478 84 329.5 152 4.0 1.7 3903 186.7 40.9 1071
T- 2 465 485 8.5 327.8 152 5.6 1.3 3895 1891 41.8 1012
T-9 558 45.0% 8.7 252.0 12.7 5.6 05 2874 1739 33.5 843
T-22 446 472 8.6 243.2 13.8 5.0 0.8 2767 168.4 39.9 792
T-27 650 52.7 8.5 358.8 152 59 0.5 4598 2001 27.2 1177
T-35 700 49.6 8.7 198.6 10.7 1.9 0.2 2044 169.6 32.0 671
T-38 668 43.2 8.9 48.5 2.3 1.1 0.4 13.2 106.1 7.6 256
T-40 685 415 8.9 40.6 18 0.2 0.1 12.3 86.6 4.0 237
T-47 736 455 8.5 180.0 7.6 1.9 0.5 1714 1610 39.0 625
T-50 1180 55.6 85 527 20.2 13.8 16 7202 1915 45.6 1618
T-51 600 285 8.7 51.5 42 3.9 0.5 6.6 1415 0.0 218
T-52 1200 49.5 8.7 213.6 9.5 34 03 2221 1964 20.2 758
% measured at the end of pipe line.
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Fig.4. Trilinear diagram for major anions of selected thermal

waters from the Kojohama-Takeura area.

figure are given in Table 1.
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Fig.5. Relationship between temperatures and chloride contents of thermal waters discharged from the

Kojohama-Takeura area, sampled in Novemver 1971. Plots for the Takeura area falls into three
groupes in the separated range of chloride contents : (I} less than 50 mg/1, (IT) 180—220 mg/1, and (III)
380—470 mg/l. These groupes are respectively related to parent waters A, B, and C.
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Figb %42 &, WMHEMBOBRIZI 7o v F L2arClaBen 3 >ndgE : (1)50mg/l1LTF, (II)
180—220 mg/1, (IlI) 380—470mg/]l, ICEFL T BN T, ZHHBNERE ClEERBICL-T32oD
TN—TWHT B2 eHTES, 70—7 (1) BLU (1) miERIZ, 7oy b Lok ZFnFEE
RABIUBZPFLIIFGHLTVENT, ZHL2ONBERPFERELLEBERTHLEEZTEL, =
W5 70—7 () 12BEL 2 RBRCUMEBBICEET 22 2RL T3, CIZHED
545 (Fig.6) 242 &, BHTUECIHIN—7 (1) CBYT 2 BRI TEHED LEERIcSH L, & Cl
T7N—7 () KRBT 2BRFTRBHICHMLTWS, Z—7 (1) DBRREFERICHSHT 255
ZOGFFITHEELICE LN T2, 208 5 ZRRODHEL L, WHMELCIE, 3 20FELBREK
BHrHEEL, TNETNPVELSLRRBRZPFATHWLEHEESNS, ZNLNEREKE L LS SIEIC
TA, TBBIUTC taftirTsL.
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&> TEEFN TV S O HIRDEAKRE - T 5, FRHCIRRIE HHR T, 1IB520K % & 0 7 BIR A
HWEBHRATIC O 5 O NEKRBORBHESTFHICKRELL L), BKENHE & DHICKE L HIBS
BNENET B L%\,

AR - AT T, RIAORREZFBL T, 19 yArCHEES A 2 B L 2. BEi3 1975 4 8
ABEU19764:3 F, 197748 —9 A, 19794 11 A, 198148 — 9 A, 19854 5 A 5 EAT% - 7z.
IR ZT Z{ RBTHIESH21F2 & L HI0, MBSHNELZBET L 2HICEHKLZLD
ThbdH, 5 LMBEFHAPBETELREIL 7 7A@ E v, BIEIIIY—3I A7 —REFT2HY,
HFEOKEBRELES 1 —10 M BIE Lz, BEICFIA L 2 REE 3L KRR & D&, HEAT
Bl eI TREIKRMANEIFHEINTWNT, HIEL2KERZZNORENHBICHE L WEEZLT
L

2. REHUEHE

Fig. 713 i S8 7 2 vl g K — 11 THES NALESHER L2 NTH 5, Rotfilic
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Fig.7. Vertical profiles of temperature and temperature gradient at well K—11 in the Ayoro river basin
in the central Kojohama, measured in August 1979.
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Fig.8. Vertical profiles of temperature and temperature gradient at K—18 in the Ayoro river basin,
measured in March 1976.
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Fig.9. Vertical profiles of temperature and temperature gradient at K—9, K—10, and K—13 in the Ayoro
river basin. Measurements were made in August 1975 at K—9 and K—13, and in August 1979 at K—
10.
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Fig.12. Hydrological structure of the Kojohama area esti-
mated from temperature depth profiles.
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By FALBHRL WA EHEEEINS, LL, K-1525BHL TW2IBRE ZORABOREDS
BHTHERETCRCOESERIC 600mg/l L EnELH D, BEHICE;rNTERLLRBOERRFRAED
RELLEHRTIRRBICEBALTWS LIZZZHL, SIBEDKFENRENS ) T BN SWEZEZ LN 5,
BAUEHBER T, BB LAZBKEOMETH ), ZoBn LHRERERELZEEL T3,
ZOTEICE R 30—50 mZNTETEKE 2 A CKE BH9T 225, Z0RBIIERS TEKEN L i
BThh, ZoMEHOTEHEREKEEZHEEL TS, 2ok iz, BHRERRIZPRENT I 2B
LIEBRBLUBENEEN PR )BT >Twa L, iz, TTI~NR2L I, BROFERG L ZNRESR
MRt ES A LN DT, T 3wl FEE BRUERE & RIS L 2 O MENBERIFETE N L
Bbns,

3. Tl

Tl k5, ArEiisicit TA, TB, TC O 3> xBELBREKEFH N, ZNFCREL -
IEB RS LT 5, Table2 [cHUBSHORELERL 2 REL 5 197T1HF 11 AICBHL TW2E
BOCIZHBRTLE. BERRINFNCISHRICP L NVDELVHENT, LD CIZFER,
BEafD LHEINLEREKELEINTLOCHEATE 3,

Table 2. Chloride contents of thermal waters discharged from the wells used for tempera-
ture-profile measurements in the Takeura area, sampled in November 1971.

Well No. T-2 T-7 T-13 T-19 T-28 T-30 T-32 T-33 T-34
Depth (m) 465 600 520 540 550 580 640 580 670
Cl (mg/1) 366 218 194 13 45 436 316 48

Fig. 13 Ic#r @ PEERD T — 2 CRIRE S N2 iR 278 L7z, BB AREE ST RIRAZAr (1977) i
E T, 19674 8 Hic, EMIASET LA BICThL, MBFEINE L, BB LEEINLHE
POEREE 310—350 M35 kU 395 MELEC 2 5 415, WERRRIC L iud, FHoE KB ERE T EREE
THN,EE 50 mOEERG R IA
T, FTHOBKEILERARER . . L . . e
Thb. IORELED L RE T v -ttt
0 mE THr— > I ENEL AL :
FAYTENTWENT, BRI wol “,
TEDFEATE S LIEILETZEL %,
THEHLCVW2EE25N05. & i %,
50 Cl & H & 366 mg/l T - 200}~ "%%
72 b, TEROEKEIZEERC I .
220 TCRTHD LHWZA A
%. %72, L#oEKEIE TBE g
LB, ZIhbItEICH r %

600 mEEN 72T — 7 Tid, DB aob TN
PR3 —460 M A b 1B §

(Fig.16). T— 7 Clg, T—2 & |
R E b - R HESTHHE e
LNTW5, Fig.13. Temperature depth profile at T—7 in the western

Fig. 14 1= #3 HMAHT 13 8 Takeura, measured by Geological Survey of Hokkaido
g w ﬁEﬁi = . (1977) in August 1967 several days after drilling finishing.
S UT—19 THZE X - HIRS

Depth




JEHEE B T AL - AT HUSIE ROMTREE & Bk R

181

AhkR L7, HIESEDHS CTNEWEHT —13 T3 300 mPIgIc, T —19 Tk 480 mLIBEIcA LN 5,
oD REIR ClEREF TN FN 218mg/l, 194mg/lDIBRZPHHRL Tz, 3512, BHUE - THE
HIBTIHIT & A EDREHTHD 100 MLNBILTES 2B L TREREZEML W2 E2EZ 5L, IR
LRECHRTEHIC AN EKEBIIBEERB* 2L TBRETHL LHMINSE, T-138LU0T—19i3
T—7HbEHFICEFNFN 500 m, 750 MPENT 255 BRFAKED LTEERES, T—70EENT -9
26 Cl A EH 281 mg/l (1971 4 11 A LK) DEREFBHL T2 Z 2 5L T, & TFHRNEKE
BT — 7 OBWE 335—460 Mz 5T 2 EKBICHLT LN EBbNs,

Fig. 15 ic s =& o» T —30 THRIZE L
MBS HER L, ZITREKERE
<, BBE 220 m & 450 mE TLEAT» T
3. ZORERI»PHOTCClEHER Hme/l o
ERZBHLTWA2NT, Z0EKBIZE
ERA2EU0TARIHREZ NS,

Fig 16 lcT— 75 XU T—34 TREL
B S %, Fig 1712 T—28, T—32 38
JUT-33 CHIESNABEBEFHERL
7z,

Fig. 18 o MiB o L HEE L 24 Hi
B TiEE R $ L. BRBIZES 20—
WMOBTAREKETH B, ZHOTEICE
& 100—200 mAOTEKEH S 0, MLk
BB T3, RRHEKEIE L3, 5 TA,
TB, TC»3E»H 5. TARIZ, Wil
ECRES 50 mZE TH 5%, BHHICH
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Fig.14. Temperature depth profiles at T—13 and T—19
in the western Takeura, measured in August 1975.
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Fig.15. Vertical profiles of temperature and temperature gradient at T—30 in the central Takeura,

measured in August 1975.
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Fig.16. Vertical profiles of temperature and temperature gradient at T—7 and T —34, mesurements were
made in August 1975 at T—7 and in May 1985 at T—34.
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400 mEIRIc, T —32 T3 580 mUBRICAM L Ty 54, MBS OBE 2474 - 72400 7 ¥ Fro RIFIE
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Fig.17. Temperature depth profiles at T—28, T—32, and T— LT3, REFAER, Zom
33 in the central Takeura, measured in August 1975. e FNICE TN L BRI
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Fig.18. Hydrological structure of the Takeura area estimated 7R v Na—Cl R is B a4
from temperature depth profiles. HLTwa, K—15Tl, HTFE
2 & B biffdimic & ¢Ed
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Fig.19. Schematic cross section representating hydrological structure in the Kojohama-Takeura area.

Wity TAG L F—0BREKE L WS N5, Eid, JHICHLST 2HKEDT 2 2 ITgic 56
LTWw3, ZOMEEE) BEETEKENTHRICEIICALNLHEKEI ZNTH S, BRIEED, L8
B3 2ERF, EROK-38 #kE, ClEHEHI380—620mg/l (1971411 A) TH2NT, ZhbD
BRI TEHERFKE»rLBHL TR EE25N5, Fig6icabng L iz, ZOMB RFIZIEEIG
EFEF—BLTWwanT, ZOHKBIZIEBINFELEEL2L - Cnd eHEING, 72, CIZHE
ERHFZED G2 LIt TP L, DB FHSE Tl 400 mg/l §ith & 2 » T, HEEO 71— 7

(DBEREFERENCIEEE L L >Tvb, Lzhi»T, TEHERFH KBRS TCRE L F—
DERERKBTHY, PRENBETIA 7(2)icETE Na—ClENBER»FH LTI EEZ LN,

VBRI T, BALURMISRO BT 2 DB R KBICHEST 5 TA, TCREMIE,ic, TB B 4 HTEEs
DHRRFEICHL T B, COBRMEBRETIA7 (2) BT 2 Na—ClEDERE&EA T3, C&E
BHEOSA (Fig.6) 2245 &, WEFRECIE 200mg/l & 400 mg/l NEBEROBIBIFEEIIR -
TWwa, BZ6L, ZOFRERPG ZOWIBICHN TS TAREL TCRNERCH 5L Bbns,
F7:, TablelicAbNns k5, HHEEIHT —50 (BRE 1180 m) A 5 3EE 55.6C, Cl&HET20.2
mg/l DBRAFFHL T3 L, ZoHEOFREAOIE R Cl3BEE 800—1500 mn RiFEHL» L ClEHE
#*15—3000 mg/l DJRHBFHL T B0T, #riEE T TCEATEIC, TCERANERLINL S LIS
ERENRRFEFUHKEITFET S LEbNLS.

VI #8 i2 @ & 1t

PRI - ATl iR i, 19754 11 A5 19854 5 A % T 10 ££[IC 5 BRI #1774 v, #iEn%it
FERAL7, Zoid, BRI (1972) 571971 4 11 Ao 7 3 v §io 3 4 i RIE CHUR 545 # 5
FLTw5, Fig 20 3 LI L2 RERRE, 2OBICHEINLESH LI EDRLNTH 5.
1971 11 A2 5 1975 11 AZ 722 19794 8 A (ENTNORBTHORMORE) T CoOMiz, ELW
HBETHEL TS, ZOMBETREBT20CIEICLETS. L2L, BEEIIEBAILT ZD
WIBHTELBREAEL2 4T KCE (K— 9 THRE350—420 m, K—10 T440 mPRE, K—11 THRE
390—520 MiZ43 M) Tid 2 — 3 CRELFEICNE(k>Tw5, 2t KCEBRDBRD L N DBA
EROTW2Z E%RL, ZOBRFWBEFEOKRE L BAREHRL T3 EBBINS, 1971 £ 11
ROWBESfh%E A5 L, BMBIEFRE CHrL)FRICELTHT, BROKEDZIZED -2 2 DA
i, BROEB~DBKICE L L2 LRRYH 2722 I 025, 72, T-9BEUOT-10T
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Fig.20. Changes in subsurface temperature at K—9, K—10, and K—11 in the Ayoro river basin. The
temperature profiles in Novenber 1971 were measured by Urakami et al. (1972).
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Fig.21. Changes in subsurface temperature observed at K—9, K—15, and K—18 in the Ayoro river basin.
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Fig. 22. Changes in Subsurface temperature observed at T—7, T—28, and T—30 in the Takeura area.
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Fig. (2; Changes in subsurface temperature observed at T—32 and T—34 in the central Takeura.
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Fig. 24. Changes in the total quantity of heat in subsurface
layers. The total quastity of heat stored in subsurface
layers are calculated from temperature depth profile and
heat capacity of subsurface leyer taken as 0.8 cal/cm®.
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H5. 15 REFENH L 11 RIETClE  Tabled. Tritium concentrations of selected thermal waters in

EROBIHALNLDL, ZNbNE the Kojohama-Takeura area.
P ; Well Depth Tritium concentration  Chloride content
RBEAFETHRN TCREH»LBRT IR No. (m) (TU) (mg/1)
RTHb, 0L % ClERED Oct. 1979 Nov. 1981 Sept. 1982
& B8 CEEA i K-19 500 0.2+15 615
BicafhitT s ClEFEND L WR K-35 420 0.0+1.4 393
BPBAT B E ISR 2722 &R i ; Zég 08206 L1+£15 3‘151
. - 840,
LTwa, Zhicis, EEOBERS T- 9 480 01+15 350
TRARAKLY, 5t LEBIRK T-10 500 0.3+0.8 32:%
. T-13 520 0.0+0.9 222
S - 70 P +

L TWTHEREIERLL 2% &l T-16 500 0.0+14 10
SHPNREHEZ LN B, BES T-36 830 0.0£0.7 455

N . 5 s At T-44 710 0.0+1.4 63 %
TReTRL b EHEEe. WU 736 0.0:+038 152
LTy TCRADKEAET L2/ T-51 600 1.0+£09 10
HICELBHRTHD Z Licizigy  GW 53 456+18

(Groundwater)

T\,

ZDE»DEBERIZOVWT, Cl&
oy e . Table4. Changes in chloride contents of thermal waters in group
oy 7 9

REVETEIT 2300, it (I) discharged from the Takeura area.

% measured in November 1971.

Bosn—7 () HERHL 5%

Well  Depth Chloride content (mg/1)
— DAL A b N - 7. No. (m)  Oct.1971 Feb.1976 Sept.1982  Oct. 1985
T- 2 465 366 359 311 336
T-3 440 373 351 340
HELE T-4 620 367 349 318
; 5 . T-5 385 382 383 388 368

JTARAS * 379 R )

AL %ﬁﬂﬁ T & T-8 480 448 412 350 348
Wi, T, HEiEs (1978) T-11 540 368 277 260
ko THBEINT WS, ERET T-12 421 437 423 345 262

) T-14 508 397 383 323 299
i, FoBICEONTREEREEM T-15 560 458 347 337
ZTHTHEZ2ERETL, HTEE T-18 500 446 359 446
T-20 700 464 450 465
puaod v -

EETEELL. T-21 589 460 432 417
T-24 561 459 461 459 476
T-25 604 466 461 402 438
T-26 700 456 457 455
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