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Secular Variations of Pressure Head in Thermal Water Aquifer in the
Kojohama-Takakeura Hot Spring Area, Southwestern Hokkaido, Japan
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Department of Geophysics, Faculty of Science, Hokkaido University
( Received January 16, 1996 )

The Kojohama-Takeura area is the intensively developed western part of the Shiraoi hot
spring area in the southwestern Hokkaido. There exist 91 wells drilled to depths of 300 to 1200
m in a narrow coastal plain bordered on the east by the Shikiu river, from which thermal waters
with temperatures of 28 to 61°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 1962 and
by 1975 all of the 91 wells were drilled there. The wells discharged large amounts of thermal
water with high pressure at the early stage of the development, but the excessive withdrawal
caused a rapid decrease in pressure head in thermal water aquifer. Shiraoi town office began in
1976 on the observation of water level at nonproductive wells to monitor the decrease of pressure
head in the Kojohama-Takeura area.

The water level data ware used to investigate changes in pressure head of thermal water
aquifers in the area, and a numerical simulation was made using one-dimensional model with a
horizontal aquifer covered by semi-permeable layer. The water level display a short-term
fluctuations in response to tides and atmospheric changes, and a seasonal pattern of fluctuations
caused by primary use of thermal water. Highest level occurs in late summer and lowest in
winter. A downward trend of the water levels still continues as a result of intensive pumping.
It is suggested from resuits of the numerical simulation that thermal water aquifers in the area
are bounded by impermeable boundary, thus sea water does not intrude into pumping area.
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Fig. 1. Location of wells in the central and eastern parts of the Shiraoi hot spring area. Sampling
sites of surface waters for isotopic analysis (SW-1~4) are also shown in the figure.
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Fig. 2. Location of wells in the Kojohama-Takeura area.

~1,500m O RFEHFPEHIE N, BE29~60COBRVBHET 5L DIk -7 BE BEE O
1213 142 Lo RIBHSAG L T B 45, 2 5 5 91 FLid FEsti - 45 il I O 18 500~800 m, £ X4 8 km
DRI - 2R WEHERICE P L T3 (Figs. 1, 2),

RALE - ArlIRDIBRIZ, BIRLY, SREEIAEIBHTEHABRNDERLHEL 22 &5°
MHENTW5, BEM1970) 13, 1966 FERICAT MK TAKICHRE L T F 29.5 m OKEZBE L
Twa L, 19694 11 AICid BBUE - MBI BW TSRO o RFELHFHEL, BEER
165~2,500 I/min T&% 1), BROKEIZH 4 ~18m Th - 72 L WE L T 5., EER PRI, 5 H
I TORRLAENE L, 1971411 it E22m o KEXFBHIE LT3 L, FAkT850
I/min nEEEHFBRS N TW S (LM, 1972). Lo L, BERSETICEATEROKE RIS
T L, FRMEE-AiliR g, 1972 4 11 Bicid OB o KEL L 4 m 47z, BAE TIRER T 10
mALzEFTERT LT3, 50, BEINEH T AR T»E L {, BibAMpERE T 30 m BUF,
BIKALDHERE FS0m LTI TIRTLARELAEL TS (il 1992). AT, BRI/EHE
FTERFIRES L, 2 TORBETHHHBEIN TS,

Z0L ) TR KVELEERT 2 2602, 1976 £ 11 Bic, BENTIC X - TERKMOBERH B
BEN, 20, JhiEESAMUREIDOKMER 24T L0k D, BAUE - Ao 4 »Fro
RIBECIRROKMABMEND X I ICh 72, $72, 198245 A2 53 AEAThREOAG UMK TH
BRI TS,

AREL, N DKMBRIDERZEIEL, ZOMBOERFREEICOWTE LD LNTH
5, ¥£72, 199545 iz, BRDOEMEST 2T 2NT, ZORRELALETHET 2.
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BEMOFERICER Y 28813, BHREEH 28~61CTHY, pHH7.0~9.0 £5BT7TLn )itk
Y. AR L LWEBEEETLILNLE W, L L, TDS (£EH) i3 200~10,000 mg/]
THY), BOTRBENDERY» SIEFEICHBENRERE CHEHRL Twb. ZE LB 43 NaTh
D, KitNan1/108ETH» 2. Calz K tHEEOREZRTERDL H B0, £&fticdb%i{, Mg
BB TH D, TELBRA A>3 Clx HCOsTh 2. ClEEEIZ 7 ~2,797 mg/l TH 0, SIS
E-oTELVENS 2, HCOFEEIZ, %< DRIFET 200~400 mg/l 2 » BH—E L T\ 375,
REOHIRIC T 1,366 mg/L iITET 5 L 9 ZIEEIC HCO B WIBERPFEHL TWwa, 72, SOJIMK
BTH5H, BREHK, FHHEROT I )|FRICIE SONDREWERNEHRL Twa.,
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Fig. 3. Schematic cross section representating hydrological structure of the Shiraoi hot
spring area (after Urakami, 1992).

HE (1992) 13, BHIEE, BROCERE BERBOBRELCICL DWW, AEMBOM
THERS L BOKRE TN, RIS - ZMEIC OV, BTHEEX AN LHTw5 (Fig 3).
ZFORRICED Y, TOMBICRTELRREKEBISBH > T, TRENUALFNICE L - IRR
A L, POLL 72 BKRDITER I N T 5. ZORBORRIZEA 4 > DBE L HBUCRE»H D,
FEELTCIEERICE - TEKRIRSENTY S, BRIE - ATHBIE TR, RIS S5 E
I CTHERT2ERA»CIEERIZE-T, Z0—71 :50mg/lLIF, Z—711 : 180~220
mg/l, ZN—71 : 380~470mg/1 3 T N—TI1cK5E N5, TN —71DIRRITZ D% 5 <
BB EXENOETILEY 5 RERDRRFKBICGAL TBY, A —7NNRRIZZHOTH
DEKBICDHET S, 72, 7—7UDERIE, Zns0FEABOSMEIZ, AEEERICRITHICHF
T 5HEKGICoAT 555 Fig. 3 Tid, ZOFHKEH» EROFKBICEHTRENTWE, T —
T I DERIBO CTERBENERTH Y, BHIBEEIMOBRL D LRREN &L, TBEOMT
KPBIZETBELNTZLDTH B EMREN T EEEM, 1970). BHLEAESE, 7 2 o)l Fic
12, SO #%{&4 ClEAEH 800~1,200mg/l DFHBEMERSBHL T3, Zoiigicid
BROBEE L HWERHEBE L CHMBORNEYXD Y, FELNTERIBDERIENICE TLER
LR EEOEBREKBRICIED > T b EHEEZINTW S, BB 5 EEIZH T Tosthigic
BHT21ERE, ClgFEBIcE-T, Z0—71b: 7~175mg/l, Mlb:285~410mg/l, IVb:
650~1,050mg/l, Vb :1,600mg/lL D4 7 N—TIRFENTWE, ZA—71bBLUHIbD
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BHUL Cl A B 7 MLE URMIE -l 7 L —7 1 B LI, Zo—7IHFE LV, L
L, @ftkic HCO:°% <, 7A—71 biziz HCO:&F&4%1,000 mg/1 LA DB RAH 5. ATilHEE
CEROBMAELRAD DY, ZORM EHHT h R HER TR ORI FERICR % -
T3, BBOMTKEKFEOTICENTNEKE» AL, FHREBLE-> T 5205, ZORE
ABiZ, POTERDOKEIED TEDI 12 SICIZIBROBEBA~DTHEZIZ, KEHIBEIKT
L7eBAETRRBAMREBELHTRKITENRET 202, ZORBOBRKROTERICERE Y
#ZEERL T 5,

. AMFEZIRORR

1995 5 B 27~28 HiZ, ZOHBOREKRZLRIED 19T ClRRERRL, 4 # BT THERKEZR
LT, DBLU 60, ClEHRDOGH 24T - 72, AirkERE Tablelicz :dTH 2. SW-1~3
REIATHY, FAFN, TI3alll SW-1), 7N (SW-2) BruUuv 3ol (SW-3) TR
L7z, SW-4i3Ra FBOBEKTH Table 1. Isotopic composition of selected thermal waters in

5, IS MFEKROFEIBAIL Fig. 112 the Shiraoi hot spring area, sampled on May 27 and 28,
RLTH3, Fig. 412 60 & 6D r nE 1995.

FRERLZ. HOBERIZERKICOWT Well Depth  Chloride sD )
LMook BRE R LD No. {m) (mg/1) (%) (%o)
DTHbHH, ZORURE T, ZOH K-27 375 620 -69.0 -10.01
BOBER F EKE 6D oo, 3 K38 72 ‘21 4ﬁ
2, HOECR - HIEHMCIHBROSAR - ' o oo
Erik<, ZoEMNDEZETHRE 5 T-12 91 311 673 982
RIS T TR TIIIER IR’ & - T-33 630 389 -69.1 ~10.04
T 595, ELLARR e REIC X 2257 <, T-38 668 16 -65.8 -9.76
BROGHEREICL 2EbIZALN Y T-39 688 369 -67.8 -9.82
v, Lol Mk BT B, BR §4g ii 1: ‘ﬁg zﬁ
i3 0D & gRO AL b e 27 < LKA T»; 1:200 509 —69:2 -10205
KBWKTHY, BEL) LEAERE pq 1,500 323 69.5 -9.89
Hob b TEEENIHMWTKESEZ B KT-9 1,300 799 638 9.38
ENTE, FROBFVKEVZE, D KT-19 1,300 23 -71.1 -10.44
HUBIC BEE T 2 BhHgic B v = 2 H-1 1,300 73 -65.3 -9.88
X - EERARATISEE (1990) 15-23 1223 ii ggi Sﬁi
AR AL O (Fig. 5) %.”z} 5 S-5 1:350 358 -63.7 -9.66
X, MEKBABMBRLIZEAEED L o 450 . 627 065
vy, BREEBNRBOEROMEOK & SW-1% -52.8 -7.99
N EHARENCBE WK E - T b, BH SW-2% -57.2 -8.85
H T, ERILSHBGEE TS S EH SW-3v -55.1 -8.61
THERAIIONL 7 bR Doz _SWAY 549 -8.16

BALNELOND, BE1: 6D B L e®  *) : swface waters sampled at the Ayoro river (SW-1),
M i SW-2), U i SW-3) and Porot
O rEALITHLC, eombde i, U e (SN and orero

HDY & THEI NI TAPRRE L
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Fig. 4. Isotopic composition of water samples in the Shiraoi hot
spring area. (O : thermal waters in the Kojohama-Takeura
area ; @ : thermal waters in the central and eastern parts of the
Shiraoi hot spring area ; A : surface waters. Solid line indi-
cates the global meteoric line.
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Fig.5. Isotopic composition of water samples in the Noboribetsu geother-

mal field. The samples are thermal waters discharging from hot
springs (Q), surface waters (A), and steam blowing out from fumar-
oles and investigation wells ((J) in the Noboribetsu geothermal field,
and thermal waters (@) and surface waters (A) in the Shiraoi hot
spring area.
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THHL T3 EHEEI NS, BEORRIZINERBICBERT 2RRTH ), HTICEEL LR
KOTEREEHH BEBERMEPEW EEZ LNHDICx L T, HEMBOERITFEHERICERL B
N, BREKBORENEEICES, BRFABICIIFEFFHOBD CTRWAKDSHFET S LHEIN
5.

IV. KEBRRO#ER

FRACEE - Arlsigic o, BEM (1970), . bl (1972), WLk (1982, RHER) INRROEH
IEAKRBENFE#IT> T 5, Fig 6 2N bDWERREZ LDV TH D, RUTIIHRE %
EL7KBIARL Th 2, 1982 F 9 AICiZ LB TARMAMBELTICETL T 5, 1 (1992) iX
1988 £ 10 A iz, ABATLBORIEFIC DV OKERE 24T\, S FRIRO# LKA & Bk % Ked
Twd, ZOFRRICL 2 &, BHIE, WM T, 8K —-1.1~5.78 m, Bk LM —
9.6~1.14m TH Y, HEEHREE L OREDMIRTIL, #FILKOAHEER —29.23~0.53 m, BhKAr

‘(a) Nov. 1963
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Fig. 6. Distribution of static water level above the land surface in the Kojohama-Takeura area.
The figures are based on data from (a) Fukutomi ef ¢l (1970), (b) Urakami et al. (1972), and
(c) Urakami (unpublished).
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PR —52.62~3.48m TH Y, 11E A LNHRETEAMA/BATEUTIETL TS,
EFKMIDOBANL, 1976 4F 11 Aic, Al RIE T-30 o BBt S iz, TORIERTIE 1988
12 A TERAAHT 51, ZoMB TR ROCBAREIRL T 5, KIBRAIC ZRIEPOR
BEANTHBNT, TOREFFHAENL L)L DL, BUEZ2M0RBEICBEIELITULL
L, ks, BAMKIE, 1FHREL>BAINzro2RELH S, B4, BEliciz
15 A%E20F»— FRARKMUEFTERVTWLE EEDD T I 7NP L, RBPFFEECE (-
Twa, BE, T4 VINRDOKMEEFPHCLN TS5, KHDPEHRS NS $ THOHIM, 1989 F
2 L BERIZBR PRI N TS,

1. BHOER
PRMGE « AU iERIZEROE GEFICHH L T 30T, RROKMIEY DHEEZIT T

(cm)

25r T.7
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Fig.7. Relation between tidal fluctuations (A T) and induced water level
fluctuations (A H). Solid lines indicate regression lines, calculated
from the data in the zone bounded by two broken lines.
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BT 5. Fig 71382 e Z ST 2 IRFKMAELE DBIRERL 2D TH 5. EUIE
1B ENLED & RO T2 & THOBMNZETH Y, ZOMEL» SRLIEVCERBENILEHVWTn 3,
72, ENFNOEALICIIET 2 B TOKM % S8R LFAIY, KB E KDL wiFho
BHALBALHBL 25 1~ 2 5» AMICBONLZESIHCTH 5, RoERITRBRELH
WK 72 IRl & RATEIL & OBIRTH 5. BRIZERD b KA ZEA 10 e OEERE 2R ER
THY, FCEHMICAH LN BKRNEICDRE L &5, 2ENEROMUIC 7o v 3N 5 AT EIZE
12 & BAKMEAIZT Tx K, IEEDRBENHBEDOFE L EMHERIC & 5 AKMEL»EEFNTWE L
EZT, E» BRI, WL L KRB OBIRIC L RREH VT B oIz, ERELTL
LEEER - T nd, WFNOWRLFEAL» 5N THRECE» TH S, BERDGELIMENLL
FRTELT, R L0 OBFRERT L, Fig 80k )itk s, RicizBMoBRIC X
BREFR (AA) bEORTRLTH S, 7oy F LEanF s 2&0KRE VA, iU, RAEE
DT 3 o) G AT EBE T TREI R > T3 I 2R, WAKBOKBEFENENCLE LD
THY, EERDMED 5, B DHEIIHED L OBBE L & b ICHEEBEENICEEL T Ene 5.
MOERIIRE CORMELRTERTH 5.

tr

0.1

AH/AT

0'01..*L...I...l--nIAAALI.-AI(m)
-200 0 200 400 600 800 1000

Distance from shore line

Fig.8. Decrease in ratio of water level amplitude to tidal amplitude
(A H/A T) with distance from shore line.

2, [UEOEBHZE 785 KkuE(L

Fig. 94z, 197941 A4 5 804 12 A £ Tic, MR b REORE T-30 Ic BV THA S WE
RO BYEHKGENELE BKE 2R 2. BRI EERT 2 RMMBTHRA LD, ZNEFY
LTKD7ZLNTHY, BRKEIFEHNHRN CBRIE N ERIRL TH 5, BROKMBERIC
ECARIES L L) HEBLERL TS, THIBBROBEBOEEHLEHC L0 THY,
BHBIBEZLOUSRFRCEL X b EEZ LML, LoL, HBBEIRIIEAFHEIN TV
WAOT, BrNORFITLEAAMBEERTYL FORERBRIBGEINTWA2-THETH S, Ehric,
FMIE - SO 2 yANCREF25H%E L T2 EBK Y BBEEVNEI B H 5, Fig 10122
DHIERHFEE T L, AFHBEBRATILZRLZ2LDTH 2. Mo (a) i3 EHoEBEMcd 2 RETH
D, BRYFELLTHRFEETHHEIN T2, 72, O)RKETHAHENTWIRIETH 2, (b)
BHBERVERZEL THEN—EL Twa0ikFL T, @) IEL2LEEHLEZ R LEFEOELS
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Fig.9. Fluctuations in daily mean water level at well T-30 during the period from
January 1979 through December 1980.
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Fig. 11. Fluctuations of water level in well T-30 caused by atmospheric
pressure changes. (a) : daily mean water level (W) and its moving
average. (b) : atmospheric pressure changes (A P) and produced
water level fluctuation (A W) ; (¢) : relation between atmospheric
pressure and produced water level fluctuations. Solid line indicates a

regression line calculated from the data in the zone bounded by two
broken lines.
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BYEZEDIIT2HEE L > Tnd, ZOMBICIE R T APHRER D% CBRITEE L T—RKETH
AN TnENT, ZoOMBOBERIEIN ()DL ) kEHEITRT LN EBEEINGE. LIHT,
Fig. 9icB W, XFENKMEHET 2 &, 1979 F5 5 80 Fi2 T TH 2 m DARAET 474 L T
5, Zhix, ZOMBENTEZ DRETHAEBEIGZEINTRICH 2> TE ), BLORED
BBESBM LI L bntEZLNG, INLOEDITHIZ, A~ 1AREENTEY
DKMEB D A LN B D, ZIFRENEEC & L7 ) KUEBITH 2. KL% 20 Ho X H THEIE
B CHABRS 2B BE, FRE BFEHRME DELZ W - CTREMERD %Ko, EHHBERE
THUEN-AELH 2 BT &, Fig. 110 @)ICFET LI 2% - T, MEICEFIC L ibiEssa
LMD, MizBWT, AW i ARMEBLOEELS, AP 3 1,000hPa #&E# - L 2REEBHTH Y,
AEDFBL 5 ALK TT 20T, AP IEbBicR L Ch s, X5, [EE AW & DBEF

30
F K-30

a=-0.66 e

(Aug. 1977 — Apr.1978) . . 7

~-20 ! (hPa)
1040 1020 1000 980
Atmospheric pressure
(cm)
20 F . .
T 28 -
2:-0.53 e -,
(Oct.1980 ~July 1981) e

1040 1020 ) 1000 980
Atmospheric pressure

Fig. 12. Relation between atmospheric pressure and produced water
level fluctuations.
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ERTE, M@k S ek s, INERIZR Table 2. Barometric efficiencies of thermal

HEE RO TEOEE LRI ERTH S, 2 water aquifers in the Kojohama-Takeura

ROBEHRRIL KB A LMD & +£10 cm LI D4R area.

WERLTEBY, ZonMilic7ey FEns Al Well No. Barometric efficiency
K-9 0.54

SIEZEIC & % - 2KMER T TR (, A

DREOWBROZ(L LIOERI & 2ZWE o o
BLEEZT, FHEPLBVTH B, RELKE T-28 0.53
IHRELTERLEE, JEDSEILEZFNIZED T-30 0.47
oK E DI RERERE L Tas NG (mean) 0.55

WAKBOEHTH 5. EROWEY L REMEE
KeH s &, ZORIBTIERERED 0.47 & %o 72, MOBRISETH, ABOER B LN T 5 (Fig.
12). Table 2 iz, FEA%IE - ATH MR CTHR 6 U REF KB OREMEL £ LT,

3. KENEFEL

Fig. 13 24T X ) T-30 i 5\ TEUH S L 7c AR OZE L 2R L 72, B F#KALIR H K
fLE AT L TROLLNTH), 1y AN 5 5 15 HUERBYH 2 L EicizZ2nAEREIE L
2. BENZ 1988 £ 12 A 3 THUT 611, 20k, ML Tvw 5, BENKL, ELRENBERD
FWMEBIC LAV, BFCH(AFMES X5 L) BFEELERVEL T3, 1976 511 AicHl
BB I N T 5 TTH 3 AL TOMIZMED L AKRMAKTHA 515 & DOKAI WEHZEL T
7295, 89 4 5 80 FUT I TRBML KM T AL T a, KUETIZ 20 b K E, £FOKM 2
32 &, FHIC 60~70 cm HEE T 1988 4F F TKRALAET L&KIT T3, Fig. 1413, T-7H &

(m) .39
O..

[y
5: , \/\ ‘A\\/\
| uns A

Depth to water level below land surface

10_ 1 L} 3 1 1 1 ] 1
1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988

Fig. 13. Changes in monthly mean water level at well T-30 in the Takeura area.
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_ A AT

1 i
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Depth to water level
below land surface
o
1

s " I 1

Fig. 14. Changes in monthly mean water level at wells T-7 and T-28 in the
Takeura area.

(m) K-9
2_
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1

Depth to water level
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o
|

™
L

A 1 1 2 1
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Fig. 15. Changes in monthly mean water level at well K-9 in the
Kojohama area.

UCT-28ICBWTEBAINLKNEILEZRLRZIDTHS, ZNHNDRIFETH T-30 X EEEC, K& 7%
FEAL & EFEN L AMAE T BRI E T 5,

Fig. I5 ICRAHHEME o7 3 o Fitic 2 RBE K-9 ic B W THRAEI N AMELEZRLE, 2D
RIE T, KOS KE REEPB LD LD, BREWNLAKMETIZEDTH Y, KAHHEE
FLTWAE, Zhid, COREOREIETEACKEFORETH B2 L2, B CEE» HIERE
ELMBOENHPFEL BEEEFTHER IR LTl e ick bbb,

Fig. 16 |c g 0T, AILHEORE-10 28 W TBE & kB ib2 R L2, &2 T,
1983 £ & 86 SEIZ AT T 34ERIC 10 m IV BB A KMAE T2 EL T b, 208, KHMETIZS
RABRPINT U o 72hS, EBADIERICKRES LY, 5 mMEWEELFHLZRL T3, ZOMBTIE, #
KBDFBEKESBEATDIZ, DL ) BRELKNEAGEL DD ERbNS, BE, BARED
R (L, 1992) 10X B &, FRAUE-AERUR TIREKBREDT 14.2~44.6 cm?/s TH DI L
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Fig. 16. Changes in monthly mean water level at well [-10 in the central
part of the Shiraoi hot spring area.
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Fig. 17. Decrease in pressure head at discharge area caused by pumpage.
The head is calculated by horizontal aquifer model with impermeable
boundary at mountain side and opening to sea at the other side.
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Fig. 18. Decrease in pressure head of aquifer in discharge area, calculated
by horizontal aquifer model with impermeable boundaries at both
sides of it.
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Fig. 19. Decrease in A H/A T with distance from shore line. Solid
and broken lines are calculatedfrom eg. (10) with various tran-
smissivities of thermal water aquifer.
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