447 (1994) 199
I =

BRI SR P H R i 3503 B IR SRk O BN R

T A B MR HOBRA B 7 5
ORCH R e it Somil e O e il . ™ R g s
(i 64 8 1 8 HRZAF, TFHK6 410/ 27H ZH)

Flow Paths of Thermal Groundwaters
in the Southern Part of Beppu, Japan

Shinji OHSAWA, Yuki YUSA and Koichi KITAOKA

Beppu Geophysical Research Laboratory, Faculty of Science, Kyoto University

Abstract

A stratified structure of thermal groundwaters has been found by a scientific drilling (named
as BGRL well) in the southern part of Beppu, Japan; the Ca,Mg-HCO3 type water exists at
the zone shallower than 200m deep, whilst the Na-Cl and Na-HCOs3 type waters are at the depths
of 250m and 300m respectively. The numerical analysis by a mixing model using chemical
compositions of the waters indicates that those waters mix little each other around the site of
the BGRL well. Compared chemical characteristics of the BGRL well waters with those of other
waters distributing in the whole study area, several flow paths of thermal waters have been detected
clearly, through which the three types of waters are flowing respectively .
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Table 1 Chemical compositions of the waters sampled from the well of the Beppu Geophysical Re-
search Laboratory, Kyoto University; concentrations are in mg/l, units of isotope ratios are %;

Screen

D(‘iflgh po(siti)on T?Eg‘)" PEEs 2N &1 i - 4@ Mg G €1 ; vHEO3 y8Qmac Dy 436150
m

50  39-50  20.9 7.3 32.3 3.6 20.5 10.5 17.5 127 34 —50.2 —7.82
100 89-100 42.0 6.9 73.8 13.1 57.9 46.7 36.9 569 60 —54.8 —8.73
150  139-150  54.4 7.0 97.5 13.3 41.5 44.2 42.1 53 78 —56.1 —8.88
200  189-200 125.6 7.2 154 16.8 65.4 48.2 65.7 714 84 —55.5 —8.78
950  928-250 147.9 8.8 380 23.0 1.4 7.1 282 390 166 —51.9 —7.18
300  278-300 101.8 8.4 229 17.9 5.8 6.1 64.6 487 8 —53.1 —8.17
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VHBIZE BTS00 G0 5. Fig. 1 Vertical profiles of temperature and chem-
poi . ical composition in the drilled well of the Beppu
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LTHAHD, BEBOLZNITEIECHLN (BGRL well) (after Yusa et al, 1994)
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BN, 100~200miEh B EE X W izHCOs Bk D 6D & 6101k h £ —54.8~—56.1%, —8.73
~—8.88%THBDICK L, 300mEDHCOs MDAD D& 61801k zhLh—53.1%, —8.17%
ThD, dDTL.7%, 6180T0.56%DENRONS. COXIMERELYBLICARLETDS.
LLEDF— 213, 230mIAERFIET 5HCO3 E Dk & 200m B Ekic & 2 HCO3 B Dk H, BAD
R BUEDOKTH B ERRELTWAS. &2 TEFCIERRKD ET2IRET % 2 MHOHCO;
HOBESAR, PR RERF LD ERET—20RN TH AR OV TEREZT > T
BB T A, 200m LB R BT AHCOs DB RAKDOBA A v DEAIZCa Mg TH D, 230
mUERY RN SZHCOs MOR A KD FNIEINaTH S Z LT TR~ ZhbDERKDE
1A VHEBEERD TV AEZERIGE LTRRDIDHEEZL LIS,

Ca?t+C0O32 =calcite

5Mg2t+2A13++ 3H4Si04+ 6H20— 16H*=Mg -chlorite
B, -2 TRY EFEEHIBATEHR TEBCRAONELDOTHD, T, AEZRFTEL
THFOHFENHRENT WD, U EORHRIETE b CRERFELX DS, BEEAELD
P A~BEHTS. SUhzs e, KBERBVERE FROFEHOWBRIH L, BEFOE
£ F v EE MR Na>Ca, Mg & 7z DNa-HCOs BIDR BB ENRS. LT, bLdb
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A (R 2 DCltype (B) DR AEA)E, HEELCIEDAK TR, BEBCITHCOs EEADDE
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TREANWT L, 250m/E% Eiih BB LT 5ClLAE DSk Picf A L TCl-HCOs # ik p R
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ZxlnwEEZD.
BGRL well F’/
-———‘—'_—/

a4

e siag o

9]
Weo3 Wpe( = ; Cl type thermal
200M[ - Y il

e(B]
Gy o ? HCO3 type
250M[ | & @ thetrma(uQ)
water
e(O=
300M— W

Fig. 2 Mixing model of thermal groundwater flows at the depths
ranging from 200m to 300m around the BGRL well
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3. REFHFERRKDEFAHTEDRNT

WHEE i 3% EBH200miE & 250m FEDE R K DR ARTC DWW THRE RNz 5 Tedic, ZFHEET
BB RAD S EZAVCCRAHERT k. FHEOFRERZUTERY. BWRE
ESFEP O 1k K AL OB D B, BREEERA T TR Z ST T RS, Disd & bz 5250
mEF TIREHR SEBARML D KBRBICH S Z EARENT WA Z ERECBR. 2T
TR2ERINATWA LD, EBIF250mED L LB LT 5B A{LFEMEKE b - 12Cl
H#OK Pz, 200mFEOHCOs DB RKAN LI DEA « BE L, 250mEEDCIEAERKB A
WRENTWBEE WD 2RTBEETNVEELD. T TPLADRER X DBEERS DML
Bk (B2, REBEBEROBBLEM D) D\, HEWITERTEZETHS LTI,
DT RTRESBRCEG 5 TEOERS BT 2 WERFOR~TNE#K P BT 2 EX

DX @)RILTHNS.

Na : CP,NaeX+CA,Nae(1=X)=CB,Na  cecreceeeitiiiiien, 1)
K:CPKeX4+CAK(1—=X)=CB,K  reeseeseierieiiiiii, ()
Ca: CP,Ca*X+CA,Cac(1—=X)=CB,Ca = seeeeecserta .. (3)
Mg : CP.Mg *X+CA Mg s (1—X)=CB,Mg  ceroveseresireiiiiianioi @)
Cl: CP,CleX=+CA,Cle(1—=X)=CB,Cl ' eeerermesniiii (5)
HCOs3 : CP,HCO3 X+ CA,HCO3 ¢ (1—X) =CB,HCO3 = creeeeeresuernremmmiii . (6)
SO4: CP,804*X+CA,805 ¢ (1—X)=CB,804 sreeseeseseesiaci .. (7)
CP,Na /22.99+CP,K/39.1+CP,Ca /20.04+CP,Mg /12.16=

CP,C1/85.45+ CP,HCO3 /61.02-+CP,504 /48.04  +veoveerrrreemrniiiniinniiininn 8)

ZZik, Cp,CA, CBIRERENEKP, RREKA, RAKBOILFERFRE, XIZBKPOR
&R ERT. U EDOKRDCANa-CA,S04 & CB,Na-CB,80s GHAZR) CHMEERA TS &, Bk
POBRARX LLEMEN—FMWCRE S, REKADILFHS BREE (CANa-CA,804)12200m
EDORFAKDILESWER, ERAB(CB,Na-CB,504) DL IC250mED 5 HifiE % A LT)
~@RMR L, F2LRLEFERERS. BRKACKNTIHEKPORAERXIE, 0.97E 05
ERBLhE. ChIZBRABRBKP L GEALRAUFEARE DT 2R LTE DGR
1R 2%20HTEHEHLM), 200mEDOHCOs BIRRKA L250mEDCIERRK B A, g
CELHHMRMECBWTIE, BEALEZHRLTWIRWI ERZRLTWS.

L Eo#E LRifioFz R D, 3EHOIFTEHN LERKEBEOFEL+TICH L
PEERTELTINWTHHH. L2 TIRIDUHER, BEKDEA 4 VEBORE LI L

Table 2 Result derived from the calculation on the mixing of waters

between 200m and 250m depths in the drilled well of the Beppu
Geophysical Research Laboratory

Mixing Ratio of Thermal Water P : 0.97
Calculated Chemical Composition of Thermal water P (in mg/1)

Na 390
K 23
Ca little
Mg 6
Cl 293
HCOs3 379

S04 170
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Listie, Zhi CREEh Thih s eFile iR BREE % RVWHT WO EEAREL S5
Lol % MR L TR &E oL,

4. EEREBODIRR LIRRERHF L OKELFH XL

INETOHRFDDL, HFREARDOEE A R & T2 KBHREOBRNEME N X 5.
LaLl, £5 LIERIENFETH 52T TS, REZEDLEESILLFLEETHS.
BlL, TR AR AKDOWENL 3 RITCHEHR TH 50, 1 ADRRBRERIOHIE TlEFh
1IRTHME?D LRI ORI EWS 2 ETHE. bbb, EHOHSTHYIZT 2
¥, EEORTIKA LICERYFCANSZ LZTAHETHS. L, ThIBERRESYNE
EF B, STCRITRZAEVIDDThHIL. ETAMNFEWIRT &L, KPFFEDOR G
TH 5N OIRRIEZ DIF & A EDTREIH

THBIWD, ERLHLRBICET 3 BRELEH | A
BHTLBMBETES. AL, BERREY B ® o U
ELTh\n e, fiFEs b REHNEE ¥ Tol D &,
BEEANANC B LIXEBETHS B, BRI N
DAEAE % Wi B) 3 5 R R A DEROAFRTHET 435.2 =

HBH. £ T, WTREBTHERKDMEI KRS
FTHEEBELT S LHOMBEME LT, HAERED
& IER R A U ¢ LTI h e B A 0
BRKDILESHHE L RAERI D HEL R AR
RADEREHBLTHSZ LI L. F
BRI U e B RS 4 s 0 78 & L T LR A D
EELERS OSHHEL, THER « AT O SR
Rt RR R R ADBI00RED & DTH B Y.
Bl R DKARHTI985E T A B 9 Behrr T, —
BB R ORAKIT 1989 D 3 H IS e & DT
b5 BAKREORBELE R, FHALERER

HoME (BGRL) & &b Ic® 3 icmrd. M4k, &
BIROALESHEER AW EE T RS L B KED
F—XAYITTLTHA. BEFEREINDF—FA
Y77 LTI, BB A VBT A v ERIR L
TELEIN5E. LrLinb, JIFER TR,
A VIRREEKFEA 4 v LR UL S MEE D R
KCHEN RS THDEELDLNTWBEDTY,
AR TRRBAFZEA Vv ERFC L TEbLT I LR
Lic. ThE#, ZONHEEF—AA VYT T6E
L LT H. tl, BEOF—XI YT I74%

ol ¢ %58

o
o Je
o
/ 3. .
o5 * *
o =
.. 73.
59 5!
o ess 58 '7.05‘ s, o
A 62 *55 o53 <,
®5e
o
s

[} 05 1.0km
e ey

Fig. 3 The studied area showing sampling
sites of thermal waters
@BGRL: Beppu Geophysical Research
Laboratory, O : Boiling well, ® : Non-
boiling well, Numerals of sampling points
indicate sample numbers.
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]
80 @ 20
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Fig. 4 Keydiagram of thermal waters in the southern part
of Beppu including the BGRL well waters
B : Boiling waters, A: Non-boiling waters, @: waters
from BGRL well, Numerals of the solid circles show the
depths at which the water samples were taken

(AR REHORBEKON, HER»HESNS S DIEBGRLIFD250mEDNa-Cl AR R KB
2\ E300m EDONa-HCOs BE A A & h, 200m I R Hhi-Ca, Mg-HCO3 B D

KA 5 S Did7sls.

(B)—F bl (B1, B2, B4, B5, B64, B67, B68, B69, B77) & BGRLHAD250m » H5E L i
E AT, B Na-CLER R A S B\ iENa-HCO3 BR R KT ie <, MWANES L
ADEEL BN, T hiE, BGRLHD250m A 575 b h iR R K% Na-ClL, HCOs ZU DR R
KEBETRETHBIEERRLTWEDTHA M, BEL ECREOMEZRHRT LT LT
B LARIHBELCEE L S5 D, BGRLHDI00m EICAFTET % JHE 7z Na-HCOs ZUiR 5
KIS F VEELEWHEKRT, ThEITERBIOEH/REYELI LTS, Itk
RBEKBEOEWERAA(MN4EERPATOL D)L, EEHBKDOEIEIHE STV 5 HIKITO
ZSFHL, LrbRERYZIRERKEBELTOHMTS. Lk 5T, Na-ClERRAKE
Na-HCO3 B 5k DR A EHICE 2 WK Tid /e <, BOKBHEEAHE TR s T 5 2
EERTRBLTWEEDEELDLNS.

(C)— R R, BE SN ARMEAKE, BGRLIFD200mRICF b 5Ca, Mg-HCOs & D KT
WHEIhB DL, Na-ClEEFKECa, Mg-HCO3 BkDEA, Na-HCOsHRRAK L Ca,
Mg-HCOs D KDRE, HHVWII=FDORATHHINZERCHMT 5. —RIBROM
B4 5 R ER SR 3 2R), BREE, S T2 RE L TEERKNT IR
ENHECRERED S LD ML TEENTFAET LI L2RB LT 5.

LLEA, BIFEEmAROER L BGRLA & COWTKEEN L I DAL h LS H
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WTH5H. KETE, ZhboDFd%E S &ICHIFFIRRFEIHEIC 0 % ER KD T IRENC DU
THEEL, HTRBOBERKDORBREBRRZIRTT 5.

5. RIFFRREEHIERCE T DM T IRR KD RENER

INETOHRFAMRLY S LI, FTHNERBEHRHIRC BT 2R B KO FRENC DWW THE
TNz b, PERORTRED, BEMCHTEINDS L DONEIEST S S DDNa-Cl# - Na-HCO3
M K252 &&, TOMBA RS AN H R O BRI L Sh T 2 iR E asE
TH5TEND, JINETERREADS & &7 B HEHMEAIIINa-CLH & Na-HCO3 B o 2 fEfH D
YODPIET HEE2Z RS, Thb 2HEOBKIT & h %2 BGRLADIE R KX % h £h 250
mFEL300mED S DTH 5 &b b, FARHEHET O ILE b & FIRH OB FAR T DM E R
F Ui 2 O BOK DR E R M IE e s AT I Db T 2650m ¥R & 300m % % JE R DILRER BL D 7 h3 b
BARHERI ML > THRE LTWAZ EARENE. —F, BINEHMEOERK YR TS
b5 —2DREFEDK, AL, Ca, Mg-HCOs BIDERAKIL, BE 5 { BIRHLEHIEE D Bk (A8 5
CHET 5300 T, BB TARBEE RKBYWEOEMEEZTTER LILADTH D, LLRLE
2 FEH D BOK MR R K L BIRER A & o TRRHE
I~ CRE L TwWAdDEHELbRE. L
T, Thb 3 EEORFEARTERMEH IS\ D
HECES L), REWTKOBA%ZT A
ZhHiehb I LIEMT~NR I L TWAET5E
EIMTES. L EOBZRARZHRECHEMRE LT
WS, RAKOMEFERNE LTEDL LN
K565TH5H. ZZTORBEIETLHELTDLS
ieh.

(1) EHEC R 5 Na-HCOs B 0 iE 57k (B 0
&) BY, Na-ClEHE RKDO LA £ DRI H
55X 5 LTHE LT A.

(2) Na-ClZUD{E R K (FREDFE L) D 2 F7 [ 55
NTHE L TR D, EUlORNIZSED TRE
NicdbDTH 5. FELERKDOKENIL, BGRL
HMAE TR GIETH D, K (K5 DB
LA Licll D b bIRB T A % Bl U
TWwWa. O XD it EifER R o KRB AL
DETAHARPATH B D, MRS LWiE s &
DT HEEDFIEEZAHE 5.

(3) Ca, Mg-HCOs3 B 52 7K O it Bk s (S f5 D FH
HNE2 DAL, D5 HD 1 DEBGRLIAS
JTCNa-Cl B OB R KOWE)JED FE% 13T E A Fig. 5 Subsurface flows of thermal ground-

- o ; . waters in the southern part of Beppu

W HREHT L @Eﬁrﬁji\ﬁiT\LTC\' BHI2 O@ga’ Na-Cl and Na-HCOs type thermal waters
Mg-HCO3 B O R AKIREN DS _EIRH T 1 21 ht 5 get mixed into shallow groundwater and/
TWBEMRE T, AEAVET— 28 hbiE R or Ca, Mg-HCO3 type thermal water in

the region on the east side of the bold line.
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