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Abstract

Significant subsurface boiling of the deep circulating geothermal waters in Kuju-Iwoyama
Volcano, Kyushu, was demonstrated by the hydrogen and oxygen isotopic study of hot spring
waters and steam condensates. The chloride, oxygen-18 and deuterium contents of surface and
deep thermal waters have been calculated during subsurface boiling. Single-stage and continuous
steam separations result in greatly different chloride and isotope contents of remaining liquid.
Because of phase separation at high temperatures, deuterium contents of hot springs are higher
than those of recharge waters, and part of the observed oxygen isotope shift may be due to boiling
as well as water-rock reactions. The highest contents of chloride, oxygen-18 and deuterium observed
in hot spring waters are considered to have resulted from boiling at shallow levels under single-
stage steam separation of a deep thermal water at its critical point. The lower contents of chloride,
oxygen-18 and deuterium may have resulted from boiling under multiple-stage steam separation
of thermal waters, coupled with dilution with meteoric waters.

Thus, we propose that part of meteoric water is heated to the critical point of water during
a hydrologic cycle through the volcano, forming a single-phase steam. The linear ¢D - §1%0,
oD - Cl, and 68 - Cl relationships for fumarolic condensates appear to have resulted from mixing
at depths of the volcano between a magmatic steam and the supper-critical steam of meteoric
water origin.
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NEKILFEOFRLIRCALE T 5 BALOIEMEITIL, FEk» bIERLEIIEIN DD, HR
H—E 3R (BRI EFEhTW5. 200CL LOERBSANE LML TEH D, M
DI EIRE & LT1960412508C 2, Fic, MESHLD & HRKEGE & L T19804F 12 100MW L 23
WEIN TS, 1995F10H11HE, ZD/EHAlD, BAEILDLbERICMHO S RIEAMT TRESER
BT D, FLWEHSIAHELER I Wi

BESED B OMEEHIE, $350m X 600m (2 E51450~1600m ) DELFHICH 7o B H, F DOHIBHIZ KK
SBEOHBIKRELEb > T, ZTORIMITITRFEKDZECEL L, EREHE LT 5.
NEMRE OB, BHEAKTOKRELBEDORMELERRKCERTELLAVLDOLRD S
EDRHBLRTE DY, Lhrd, TORMAEMBRSEERZS, AL, BRI, Ib5kk=a—
V=SV ERDETIALMTATYRKURT 4 )y EVOEFYRKILRE, BIROZIER KX
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EE1500m AT HE D BRI TH D, KCHEMNCHRIGHRELONRD. Lrd, Bl 50MEE,
B OB RKDORMMAALER KK 5T ) EVDic), BBEKORERMMAELITIL, H
THEEH S LA L KIIEDOERSR L HEL B BE LI KK L DRARES, BKOMBRZOES
SEEOBBEMBFHOMNETN TS, TDLD
REED D, B LHETAREKCER L,
19904E 7T Abv b, ZFEXREREA 1E, 1994F 5 bk
¥ A 1 EOE AR RS T 5. ARET
I, ThE CIRAE X NCIRRKDORE R I
DWCTHNTE T, KILERERIC B 5 BUK DIRE)
Re>EEEYRAALI.

2. FEROKIHZIRG & BRIE

EROBHIL, FEkD b DOEIMDITITEWICH
T B EHI1530m D 23 BHES b b WU AR s 8 D 2 &
#91430m ¥ TOHFH DO K X H500m T 5 B/ H# T
Roh 3 (Fig. 1). HERATHEL L5 TR DR
RAKFBED LR DB, EE1500m 40T ThE
ﬁi@kc{km? Z) ’ 1480mﬁﬁ?ﬁ()€:@tﬂ L’ §® = = - Topographic water divide O Cold spring
T HIBHT BER KDL IS, Fh, | o saben oy D
TR D DELOK X AL S ZF e b, ERARE |7 o™ 4 Fke
LB FEAHERLA. 1430mAT X D TRl Fig.1 Locations of sampling sites for fuma-
5 N . o . - rolic condensates, hot spring waters,
PR ERHAER CB DR, &I KR cold spring waters, stream waters, and
b & T1390m A1 T(FEMIC & - THRIS)TELE precipitations from Kuju-lwoyama
RIS S, B UROTFH, 1230mAhE CEHT 5 Volcano. Also shown are fixed observa-

. : g : tion points for hot spring (S1530), hot
7K6i(%7kyc$ 6 . %hcl: ‘/) Tﬁﬁibiﬁﬁ L?‘Cﬁiﬂ& 7‘& water stream (F1430) , cold spring

b, 1100mfHI TR L TaKI&RS. (F1200) and cold stream (F1050) .
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B OE S, EE1530m OYE TS (E &G 51 S 15630, Fig. 1), £ &1430m DM S D K
#(F 1430), f251200m OEK S AL (F1200), %+ L THEE1050m D 1A (F1050)TH 5.
WAECRIAELEY, FHICL - TRED, 2~10kg/min DEE, MEHAWED1430m 51
B> 3 HEITE M IT500keg/ min F2EE (5 5940kg/min), 42 i2150kg/ min BETH 5. FK
JIID1050m s B A it Eid g & LTV T10~15ton/min TH 5.

19914 6 A DEMIC L » CZDORTHAWMFEA L, WEORINLKE AL &<,
EE1530m AT 2 H1430m AT & TOHPET, MRICHER L T e EABNIZE A EBEBE VIR
I, EE1530m T EA S E N I (e PN 1480m AR D3RR A TH - 7o) . TS S 15630
O FHAITREENTEL L, EE1580m 4T h 5 1430m AT ¥ TOM K IC I H 5 2 A S IRIC
fELicmE AR OB RBE .

BRI 5 EEE1090m, 1200m, 1300m, 1430m, 1560m @ 5 AT &, %X O E900m
S FROM SR (D F60mm) % 3E L, FEKEORE & FRK DA ER OB H AT 5
fo. i, WKOEREAITI990E 9 A 2914 8 A, RUMEKERTD19954E 8 A 8 HL31H K, &t
5K R BRI Lie. KREASBERC X - TER I NIH LWEKFALE >0 Th, 19954107 20H T,
WFF, b KOOSR E, al KAFREDOFHWIES, KXUad kbbbt 3 5 5K 2 BRI L fc.
oAb, BAIAEREORARR, LTEOEK, BERRRE, BV LOBEKERK BEHR
DTEK(Z TIRDORE), BIFHIX OFEAK S EI L .

3. AEHR R

FUERFEIL KO % O BB B0 5 KB, BBHIRRAK, WK, WIIKOKER O
FOFMARL (LT, DRUGEOLFLT) DHIER RS 2 % Fig. 2ilnd. ERKE, HRRAL
ZTDOED S DE EA, BRHE DD EXEDOKGHETOSDZBATRE LTRLE. #zE DR

50 (%)
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+ Precipitation (900-1560 m asl)
i 6D=6"0+12
A Fumarole (1959-1984: Mizutani et al.,
—20 - 4 Matsubaya et al., Kusakabe et al.)
1 A Fumarole (1990-1995)
_40 A New Fumarole, a1’ & b (Oct. 1995)
o a Run-off water from a New Fumarole,
=x a3 (Oct. 1995)
= -60 o $1530 (1530-1500m)
(|} @ F1430 (1480-1395m)
2 -80 - & F1200 (1235-1180m)
O F1050 (1100-1050m)
_1 00 1 © Cold spring around the area
+ Hossho hot spring

Fig.2 Oxygen-18 and deuterium relations for hot spring waters, cold spring
waters, stream waters, and fumarolic condensates collected in and around
the Kuju-lwoyama volcano. Open triangles of fumarolic condensates are
quoted from literature2~%,
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LA AV BE T, CLIEELEZT)CWLLEVLAD D, AIEOCLEEIIE. &
5 1200m £ 3T DA K 1050m D F KN, A HIR DK RCTUK & RO RMAHRKTH 5.
CO—HNRZ OHIBIRBOBEREDOKAKEEXRT L RON 5.

M, DARTCHlE & RSB KDORMAE LD AR EDO =AM T vy f L. K
BO=MENE, 1990, 19914F K UF19954F 8 H ICHREL L e R DEMEK TH D, BO=MAEHNL1995
100 DAEZBER TR E LT LUESAL DD THS. 2L, NEWEB=MIE, a3
ko BT 5 EREAEHAOH O TEME L T LicKkKTH D, £DDXUGEODIE
BWAEDOKE L TR IO TR LAV, BMKEEIA LN 5dDEJBOEDEHRDS ML,
FOREREDPITIFHIRDO KKC D - TE D, KRWIZIE, IDROIBODEm T F<KERKE
DREZRTERTL .

BRKE, &L LT, BRERKOBIMET SN, BEEDLDOEOEHD, ¥
fo, WEEFREAFGAOBEALRT. BREAKDIDEIEBODED & HEFL, HERDEHITH
NThEIRONT WS, BT 5 X5, KW EEICH - BOKERAKE LTHEHELTWS
T hiE, BRACIRESEEWIDEIOMEYETHRBENRTE . T THERKEBKRED
MCEBmAE DI > THEREIRE, AROFEOOELO>THAH.

EERES08TY OBEESIL, AKED F T837keal/kg?® DIt v 2L —%FHD. AL
FRTABRBPTER HOFHEREZETHRE, BT v 2L —(3669kcal/kg iz 5
Bh & D2HRWDT, TOXdkEWET Y 2L E—%{ D&KL, BRRFCIIK MHREZN S
W, BEBLRIIBEEIELOND. F1, RART T bOBE X o THRA AL EORE
FOMEI N, MEBCEE LR LEELSZ ELTETHS. Mizutaniet al. 2 ¥ (ZKEK &
K3 A AR KRB AL B S HAH600CLL EDRE LR LI L HEEL TV 5.

4. FEREEDOEWEKDRHE

W S H DB TR A IR AR DD E 6 BODfEIE, FTEIC X - TEEIT 5. BHAE & S 1530
F 1430, KO F 105012 B 5 & & RAMAE L OBFR % Fig. 30 (a)~(H)wRm Lic. WIhDER
CEWTh, HAKDIDREOIBODMHEIZHRED L M E (BAMETTAHANELNS.
Zhit, DRUGBODEWBEKDHEEBHELD - T, ThIDSEVWRKOEST HEEGHE
ELTWBZ EBRET 5.

KOBBEHKERQ, FMAEE KEMERETOD i BOORERTFH)ZNE L, kLT
ki, Theh, HxFtighfds. WRQ,, REN, DREUKD, WEQ, WEN DM TK
(KR E->THERINT, HEQ BENORRKE LTRETZIDELTS. @ADL, QLN
CoOWThINE. EL, REOBETKILUBAZIOBARLVWDETS.

KB ORNMAAEDINE

Qr+0Qg=0 (B9

Nt-Qt+Ng-Qg=N-Q (2)
L0, QEHETHL,

N-Ng & (3)

Ni-Ng Q

Einh. AMRBRENE-RRCERL, QROMLAONBEZ LD L,

-0
log| 8 |=—logQ+logQs (4)
5o
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Fig.3 Deuterium-—discharge and oxygen-18-discharge relations at the fixed
points of S1530, F1430 and F1050. Also shown are curves calculated under
constant discharges of thermal water with high isotope contents (for
average, maximum and minimum discharges fitted for observed data)
using assumed isotopic compositions for thermal water (4,) and
groundwater (4, ). Total discharge of thermal water with high isotope
contents from the fumarolic area can be estimated to be about 1,100
ton/day by analyzing the discharge at the F1050.

ik, @RiT, IDKUVGBOI 2\ TCRBFCHEZT 5.
b L, BOKOREMANLS, LHRQ,, ROFK M TA)DRFALLS  HRHICZE DS S,
HTFKDBAZIE T HEALT B D L FETIUE, @ROEDDEElog Q & DRI, dD& 60
THED, Aht-1 DEREARAS D, Fio, ZEADOELEr Dlog QY idlog Q, HIET 5.
2T, £F, BUKDIDEGODKG EE L THRAKDEMED LRMAEOME(TebD, D
=—29.3%, 0%0=0.00%)%MET 5. £LT, EEL

.5

£T, ORI bc D, BHERKOIDRDIBO i
DEFEREE A, BKLBEATEHT KD, OFEGD [ 00
B L UN0) HRATHBENC G 2 TWRDELRIHEL, @ |
Th&logQDMBEN, 2kb LTI ADERTIE S & Z;
5783y DIDLIODEHAHEREET. L 10

—HlE LT, EASIS0E BT 2R EFig ACR Y. D]
log [(6—04)/(6;,—d,)]L1og QDEICE, “hthcafi = = Oetian
-1ORIFERORERE RHT LA TE, LRfEit 2.0 e

B EERLLATEERIZLDTRREVWEELONS. & £ 08 °|~5 R 18 20
O LT, BEACKD B TROMUMHEAMS SRS )‘/’?Q '
T . = 2 . ig. og[(6—a 0t—0 versus
h: %%@uﬁik—l{l‘b% %7K@ﬁ&EQt 75‘10g Q@ﬂii@@] |°g Ofor deutgeriumtandgoxygen—18
FhbRELONE. TOFE A2 Table 1 THIT 5. at the fixed point of $1530
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Table 1 Discharges of thermal water and isotopic compositions of groundwater
for fixed observation points, estimated by discharge analyses

Isotopic Composition

Fixed. Discharge of Thermal Water,Q, of Groundwater, 6

Observation - g
Point Average Min. Max. D 0180
(kg/min)  (kg/min)  (kg/min) (%) (%)

S 1530 2.0 0.8 4.8 —58.0 —6.25

F 1430 88 26 250 —b7.7 —6.20

F 1200 13 2.5 50 —987.5 —9.00

F 1050 760 180 3900 —61.4 —9.50

The isotopic composition of thermal water is assumed as 6D, —29.3%;, 320, 0.00%;

Fig.3(a) ~(H) O K\ EfE, SERUECK T 5BKOMHEEREQ, DFWE, iz, MVEKRIT,
EooE0d 2 RHELAYARCLE LS, BKRERDQ, DRALR/NERD, thE
hre 2l LCGHE LD THS. FREOEL D&, BUKOWHEQ, PIDR 0D %
o, M X o T—Z LT s\ Z ERRTH, RRKOBHCIXFAMMMAELOREK L H
MAELDE N T KEDREEEZHEL TELL 2T ERRINTVWE bR S.

Fig. 1 ik, AKJID F1050%E &b b A S % & Gl EOs KA %R Lic. KD
WENIT KT LN TEVWDT, ZOWBADKD KRS, & DbdESKM» bR LicéDX
VO EOED BN BOK DA, Kk E LTZDOF1050E SRR L TWbEDEELBRD.
EpE, AR HRO, BAERR, EERRR RUILETEREOBEK LI, EOWMR?,
AR D H b DOKDRAHRIE, T OHIROA KOIEAK LT IIK is EJREEREDRKKDE & 1%
R L TH AT, MR~ DIDE VG EOED m BRI EZ2DRS. TS5 L
TREL O ARMERDOEVEKOBITHEEIX 1 A7 01,100ton DEETH 5.

5. KILMZEKOEREANRET 2 LBELIGE

EfLA LD ECEBUKDBER SN 58RE LT, KIUEAKOEM, KILERKOH FARA~DK
AL b RTIEZ S, RO, EHBEROBKOWHEL ENELLNS.

KO EGEET 5 2 LIk - TRMGBLOBEVEKBEZE S h 5% 27512, Fig.5(a)
CRLEESE, ERLTEGEREBO < /< HE&S a T RKABRAL, ZOERAEGHET
CHE - THRLDRENRTRD, DWICHEAREED 7> TERBEE L, Boke BRI 5 &
WHRDTHA. HEAK c DIDROGEBODME L L TEBED ERMAADOEZEEL, Th&-F
#5152 2 DR 5 RO REMAERK L KICR L. SIRIAS b A0 EREDER
O TERCHBET S OIE, BERE S LTI0CHENELTHS. v TKa
LEATAERAKAER, COEROEREECHD, Lird, Thid, RARECHHKKe BRE
e BRI T 2 ohT, BELRAMGTBRIIGEREE L TR 2&E W T5H Lic(0-v
7 b LR EFEEELS.

WSS K O ERE DRI, 6D - 680D Bk (Fig.5a) 121 The <, dD-Cl, K60 -Cl
DBEIEE (Fig.5b, 50) KB W THIMIFTEGNRERN LS NDDT, < /DR RELBETHR
kd OB R bOBR LT O TRIRER bW, $Tibb, Fig.5(a)~()T, #
MESD L= /< H#ESa L DRABIEIEL BT LIOCETAAdEED, ThERLGD
HEEOERAG LOANRKKe Einh. &5 LTHE SN S KK e DRMAMBIL, 6D=—52%,
T 610 =—8.0%TH 1, O-v7 NDBIIH2. 1% TH5. i, FMEZD ~DT &R,
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Fig.5 Oxygen-18-deuterium (a), deuterium-chloride
i Y © (b) and oxygen-18-chloride (c) relations observed
@ e y for hot spring waters, cold spring waters, stream
s P S BTN waters, and fumarolic condensates. Also shown are
i abA & . .
2 b arfiughoy L points for assumed magmatic water, a; saturated
3 j,»;’/‘ju Gz steam, b; condensate, ¢, from steam, b; meteoric
N YL water, e; meteoric water with oxygen isotope shift,
Boagl . :
jo) o g ,‘\/</ o s d. These endmembers are based on a volcanic
o gR¥ad LT e steam condensation model. The composition of
p . o Foso meteoric water, a, is determined to fit the linear
-0 s ot relations between isotopes and chloride contents
e & Newlumacl ot &) in fumarolic condensates, as shown in figure (b) and
=== Condensing : 'b' into ‘¢’ - - -
154 ——— - ,“ (c) with an assumed Cl of 50 ppm in meteoric water,
0 2000 4000 6000 8000 10000

Cl (mg/kg)

DR AFKITF3.2% L1s 5.

a. Cl content of condensate, c, is arbitrarily taken
as being the highest Cl content of observed data.

TDXOE, KIUEOEIDREM LIS WOBAND, BEmnT

B 5D, RLAALDEWREAKDID - 6PORIR A RHT 5 Z LIZATRETH 5.

LaL, #EEINERKKe DRMALIE, T OHIE—ICA DN BTERED KK GEKR, W)
A EDbENMEE LA, ThiE, I/ IUERELBETAIRAKPBREDRETEKE T AL X 5
TEMAE L Z w8 T B AHEME R, MR E & DR HIK TR E Lo KTH A Al etk 2 R4
B, TDOMHITSEORETHH .

Flo, TOBEZITTLEMEKc OCLIBER —BNCEET LR V. 7 IHEKOCIEE S L
T, 4% CIRHEIEINTCERORHEDKFK AL & - THRIR8100mg/kg & L, KAKDREE (O-
V7 bk LTcK)%50mg/kg & LTAThH, A D HFOCLEEL, <7< KDOEAKS.2%H
5#130dmg/kg MHEE EN BT TH A. Fig.50 (b) & (¢)FDEEHEK c DCLEEIZRREKD E
RATDOHEAFEEHCEZTT ey b LebDTHS.

LI, TOBRIETLL T, 7 HORKEREDORKEDREBETIHLL TR,
RKIKDPZELZDOBRCEAZINDBESE LT, HziX, Mizutanietal.? (ZEREHD X 5 7o e
AFOMBEE 2 o, RADBROEBLBBCHAEDOE FHT L, FEMMES ORI
e, A VERFERCBO 2EEAHEE IR RE . T LT,
BTHEETA.

AimTlL, w7 =07 K a (Fig.5a) & KAKPZEES L TR I N5« DRMEHKDEEK
PKIEEKR L EE L, Y7 HEKEXGITA.
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6. KIUMZETHH TARICKREAGEBELISE

KIMEOESGHH T ARTEA L, ThASKHCEKEFMT A e d > THRMELDR
WEUKAEE SRS 5. Fig.5(a) %> &, KIUEAKOBARZT TR I NIER D O
Tk, —EDREGYI30T) TRMICEAS 7 I hE, Bl S o BAL AR DR BoK
(He)DJmcEfEINnsS.

LirL, RO ELEIOR AR L 5T, HED O TARELIER IR, Th
BIOCHIEORON-RE TR DM T 5 X &L RDLLIRETHS. KIUED
LR, AdOKRAMDAaDT /<AL E TCOMA ORMBEREBERSD, i, W
HHNOH T AKERICIE, “HERORUL T2 ORBENEL LN LDT, BRADKERLY
Lo T b 4 ORAAERD, T okEKOFHC B4 DRESHPVR I N TI W
LEZLNDINLTHS. T, —KREZIKKETTIX163C (b v 2 v e —, 669kcal/kg)
L EOEEXTRDERWA, EEEER LD IEROBIEINRESFETS. ELIE, ZO#
ATh, T/ THOELERKEDESBEIHS A TRV, KIUEOEIDH T RCRATS
BRI, FETARLTY, KBRS TR 22460KEBIOBEBAE~DHFFIAE
wWEEbhA.

7. RAKRUEKDERBIZCH T AT B

72T, RAPBKDERARC B %KD > AMLAER O ClORMEDBREICDWT
Bt 5.

7.1 EJ[ISBEEERR

BOK DKL ST 2 BB D\ TIE, Truesdellet al. 1© OFEZEHH 5. K Hik, 2 HEDB
BrEFALLE. Thbb, BTOERBKNENBEREXREORETERL, HHENK
fr o THb e % 2 = 3 % — BYpE D 78 5.4 Wt (single-stage steam separation) &, LA @A ICHKEH)
&I+ % ER 7S5 B (continuous steam separation) TH 5. KK TIE, ZokD LFA@EH
WiEOEIN E LA E LTWT, EBEMTHT - TR HE L - 34 B8 %5 B (multiple-stage
steam separation) B Z - T B LD EEX b A, FRIXWEAMTIIE - BRERSS#EE
AL BOTRBOMICH 5 DT, LTOMBOBFL2WTELET L.

WBEERS ST, BAARSE T Y A —BRTER L GERTRA LLRRIRE LT
SLcEE FR), B-0WERETSMTAA0LTE. BERFFLLOHEBMCET L5 E
LR, FRFOBKOEENE 2 bE, o 2ED (F 3 PEERE) C B0
L5 RE BDT, FORER R B RRES FISREE - CTRALED S D HI D
XI5 (Appendix 1: Al1.1). ;

Serk LT AT SOl A E ARSI, V- ) —RECLARMEALTHS. ED
ko TEROBENEH L DT, BNEDKDEFCET S MBI T KV F — L RLEDI
FEBEST AL L - CHKDRMAILDE L ZEFHET S &N TE S (Appendix 10 Al.2).

LR ZHR T, KR RS B0t E ik Appendix /R LIcHEETT - . Eiz, Cl
B, TRTOSEERR TSR DA TR T, TR ORIECERET 5 3D L RE Lic (Appendix
1: Al1:3)-
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7.2 RADRBEBE

RS, HMTE HARERAEE IR T AT, KA TERCEET ST, Wik
DF FHFE LI FAREOTEBET A (BPCEEL DRV L, KR A EE
LTHRARCLIBMBEYZTHRBEOmMBELRD L. £ T, Fig.6(a) T, KA#HE
DA % b DIRE20C D RKAKBEICBEN T 5 &P BT 5 RAES HIOBREOWTHEEST
5. LT, BEORTIC, OB BKR KIIEREDRE LW ERETS.

9, KKADR, BEFCREY LAIREAOHICERT 2565 CHERYEATIEHE)
CoNWTE2ZAH. RAKDFRMMMABHRIE, 2 UDIE, RKBCHES IH5BERE LD, BESBR
#ET 5 (EEI00mAi#C B 52 AIIZ095BCTHS). SLEETCBE L CaE/lThiER
ik, 100C, 200C, 300COfERRLTC), Wiks LTI3TACOEARASC FTHELES.
BEKE, BEOERTE, AHYOEREDOM THRERMMAEDLZBRIIGRIE D LTI0KTMRE
Wl T 5 (O->7 b). ZOFE, BARASTREACHLECIKERRELZLDETS. HA
DRKDPBHEFCEEFTERE LIRS, hOoBERLRIELERbEROBKE S L, B~C
DREBDEFND, O-v 7 ML X 5T, HILTABs~CsHIDHBEEDDL EE2E. CORE
W TCIRG IERBC LB 20 5.

—F, RKDPEREZEDROCTRAED E TR ET 2580, RAMEsIRR: &4, &
BEDORIBME L50-v 7 NREGHPEISEE2S. Tihbb, RKIEEREL KL EEAL
DRASICES. HAsTIE, BADREDOKEEZOLNRD. ZO%E, CLES ORMEIEE b
Ve Te 2L, KOKAHL TR EE T 5 £ TORBRE TIE, MBIZEMEALS TALERTWA
EEZ, TOMDOERFEC I HBEMBI NI VEDET 5.

7.3 #kO_EFAFE

FEHETBE L CERIL LERARBK LTS LicT 5. THOBETAKKTEER X -
Tlra CHEE LR WA &8 (FERARE TRREDKDHEEL0.31g/cmd & 7g 5 29), &Kk
AT VY v EDHECTEADTRNIE LS. RABPAICTEACEE U A0, KEAHRO
B tl, 6T MBIORKIC X > TRINS. T, BKOBER, SALLMIAALE
TWEOREC MKRTT 5.

(1) 6D& 60D R
OXRKDBEFR LR bERLT 2854

9, RABMBRED EAL L DEERE LA HRFEBRLZBE LT, BRAACIKKELLE
BxH 2 % (Fig.6a). lAREOHKCsHREL Y 20 —RBETEH L, KKRETOSCTT)H
Ak - X (B —BREASS ), AR5 HEOEKIIFig.6(a)DSADDEAKICIRS. L
WERER TR LD EWED~CsD KW IR EOMBE & 5 (KITiF20CH A TH 220 1).
—7, BRAROBKCHECEZ TSR LEERTEESC ERTEHE GEEARY
B id, 95CIE > CHROHMAI L7 bicy. dEfAS S E CRRMERETS E 0T
L7z (Appendix 1: Al1.4).

BOKDRIRE H3360C DH &1L, B CTHEO B —EBIEARL T M AR TEER LS. AR
1T, 300C, 200CO&KITISTHETIE, ThEXhFE, GEEis. &D,E, F, G, Bekhis
SRERE, PPIEIREIS C DM —BIEAS S Ml Y £ T, o, SH@EKOWIIEE »374C)
wHL, M 1(360°), J(300°), ROBskftsmiiit, SRS s BT %95C Ol
#ET.

ZDFig.6(a) THEHINAZ LiE, RAKDOERHED TXTH, REDEIKCs H B — B
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at / for 3 20" 7
EprETemy | w o (@ T |/ ®)
C: Meteoric water at 374' C C: Meteoric water at 374'C. \
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-30 4 L_=arec o -30 4
# 2 / K E
Contiuous steam separaten 7
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/ As o F14% Continuous steam separation LR
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Fig.6 Oxygen-18-deuterium (a, b), deuterium-chloride (c) and oxygen-18
—chloride (d) relations observed for hot spring waters, cold spring waters,
and stream waters. Also shown in figure (a) are curves for ABC, descending
meteoric water in equilibrium with steam from 20° to 374°C with continuous
steam separation; Ag Bs Cs, meteoric water with oxygen isotope shift
from curve ABC; DCs, ascending thermal water in equilibrium with steam
from 374° to 95°C with single-stage steam separation and the isotopic
composition at 374°C equal to that of thermal water, Cg; points for E, F,
and G are 95C water enriched from 360° , 300° , and 200° thermal water
with single-stage steam separation; HCs, ascending thermal water from
374° to 95°C with continuous steam separation and the composition at 374C
equal to that of thermal water, Cs. These in fiqure (a) are in a case in which
meteoric waters descend with continuous steam loss. Shown in figure
(b) are curves for KAg, thermal water from 374° to 95C with single-stage
steam separation and the composition at 374°C equal to that of Ag water;
LAs, MAg and NAg are thermal water from 360° , 300° , and 200° thermal
waters (Ag) to 95°C with single-stage steam separation; OAg, thermal
water from 374° to 95°C with continuous steam separation and the
composition at 374°C equal to that of thermal water, Ag. These in fiqure
(b) are in a case in which meteoric waters descend without steam loss.
Shown in fiqure (c) and (d) are curves with the same meaning as figure
(a) and (b), under the assumption of 80 ppm Cl in meteoric water, A.

S HEBETIEA R WEFRECs~ D & KK D ERMMHER (Kiciy, RKADMRFRE LTF1200& F 1050
DORE@EEZ T2 b L) ETHEINAEH(2 ADOBEHINCRELZ LTHSE. £ LT s
&, RAMABROBEWERKO—ENT, A SHIETISTHbE DS TR S hicBuk D H0-
Y7 hLERKASCE > THFRENTWBLOCRZ 5.
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OFXKDFEF L TR T 254

—Ji, RAKDBEREEDLWTH T AKEFE2 T HCBET 2561, sElk LXK, 7l
DX O, RAsEBUKOHIFEAE LT ERRCELSEELS. COHED5HER%Fig.6(b)
CoRd. BOKOBRENER S THNE, Fig.6(a) X AR, 95CHblED H—BREAR S H D%
AERVEMINTEKERS. Fh, #RSHOBEIIHBTTROR LS. BB ERAE
R 595C oM EHHRE, MKEUKOPIEES74C), L(360°), M(300°), N(200°), M U'As
BEsE LA Th D, dSfoEbaRT 0 595 CiblEligiz, £0(374°), P(360°), Q(300°),
RUOAsT @ LIS TH 5. RADNERL LTEKE R IEETIE, BISHEEDOBEKDT
BHRMALE, RMELEOSGERKDOERED —FEII W< B RIER. HRERE LTOX
KORMAEER Y, KABLETHALDSAMBLEOE VSR ED, i, O-v7 FEZ WL
LOKESEDLTERE ST, GHED ETR, BRAKOEUBELAEYDEIREZELIAETD
b inic. FAMEERZREERBL EWRBARKOFITE 50 5 EREED R VR EER
ERETERINICBKIEThTWTEWEELDRA.

(2) DR V6180 & ClEEDRIR

wEZ, ClE DR 2DWTE2S. Fig.6mD(c) L (DiE, ThZh, éDLORCLEE
WX R DTHA. Fig.6(a) LA, HADKKIBREDBRETERC L OCIES 2B
fiad¥, Bs(9BC)%MD, BMAMCKES. HARDEIKCs 1395 TH—BIEZRZ S O b
BEIHEADERS. Fio, 360COBKITSCHETITAER LD, BRI, 300C &200C
DEAITISCHMETHET & G 5. SEDEFGBsIE5C i D B — B b D 78 5.5 HEBE %
*7.

TZTh, AT, EE1480m~1430m TiEH T AIER K (BI) DT-XTH, EREDZ
KEHFESE T 5 E—BEERSHDRT Cs~D DRWER & RKAKDEREDER & THE N
LHEIFH (2 ADWHINCRE AL Z ERRBDOLNA. Filo, £DE 1L, BIKDMRKK(A~Ag)
CEoTHFRERTHAZ ERRET 5 (Fig.6e, 6d).

—77, ERASSHOBETIE, BAACsOBKIZIBCOWRETHAH T CRBEINS. Hit
RIO TR, ClERS DEMENE L £ Z &34 % (Appendix 1: Al.4). LaL, BKD
BERERSL TR S, ERASTHC X2 EMmIIEEA EHE T I (360T DEVKTHI5T
Pl T 1 ©560mg/kg $ T LM E o). EftARs HEEE T, BRA ST DK
CREDCIESIE L WBEAR A0, Z0X5kElEs CRMABLOZRIEEE L IWiER
KT RHE I .

¥, RADPBEPCERCIACIRSDREEYZTRVEE, Tiobb, KAKADREMM
TR RERL L TR L CEKAsE I 254513, IAREORELS EH L LTS, 95
CHplis DB —Bb oS » K, #toMoORESY O TR LIL I, EREKDERNER -3
Lo EOCCIEE T T b\,

UED X3, RABREORTTHRE LAALEREE  THRILL, Fha LR LTST
Bl D B — B R R B AR, 0D, 6%0, RUCIEEOEVWEKNER IhES. EH
RIS R AT 5 &, FAMEOGINIZEhE EET VDT, RS RERKD, 4
7t &b, dDEJBODEN—FFITIL, BADBEEDOFT ETLER L, HELL Tt Th B iblE
TEHEMEDBRBETHS.

BT ERAKOE . ORFMAERRECLIEEZ, Bt X 51, 6D, 680, RUClLEE D
WEOUKD B RKASIE K o THERINIERic® b DM\, AsORAMALLIE, S1530& F1430
ERCBTHIRAKDIDR VGO L JiiE & DRRM LHEE I iz, Bk BT HH TKDID
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LO1OfE (6, ) I\ (Table 1). MSHIDOEIICIL, AsORBTRE SIS L 5 el FAWE)
RBHEEE NS, ZOMWT KA, TORAMEBEBRBKRANDHO-Y7 b LTWBEDT, B
ERTERYER LLBKTHS. Th, BIOBCIIBBELZTT TR VDOT, AL
ISR TPHEE LD SECRELHTLEA L CE L D EHEEINE. L, BE&E1200mL
TTROLNAEKDELDLH)IHHCEGRT S TR LGRS, EE, AXIIIOF10507E & T
%ﬁéht@?ﬁ@ﬁ&%%%C&Mﬂd@,:@%ﬁ%ﬂ?ﬁ%h%@%@ﬂMﬁ@ﬁﬁwm
DOFRMATETH D, H2ORIFRARE LCAETE0T, HLLCETI O FRKAsDHYE X
Bich. AANOKIE, FORMEKLIAMENZ EnE, BEHIKZT TR, ThIDIEED
EVWHLE A & DA WEIFICh e A F KRB R A DR LicbDTH 5.

Fig.6mD (c) & (I F T, LD HOHBRETIHE INCLEBEDfEIL, KKARIT)DCL
Yeps L L T80mg/kg X AE LI b D TH 5. AR5 HEOHBRTCIRSG IWHPICRET 5D
DETHIE, TRTCOSHEBBCE T 2T OCLHEE R KAKACHREY 52 5120 THE
PEEESD. AL -T, EHENTBRRKDORMALECLEEDTXTORGRY, RK%
HZ i LT A RGO #BERORICAEIR LI ENTE, HthT 2RBKDOME 4 DCLEE
P, KL B 5 &R0 R > RAKDERRO—RE L CHFEZI NS, MM —H TiE
Rk DKEREZIES DO E LT T 5 2 &0 (BEE1560m THIL L ic A BEKDCLRE 355
25.5mg/kg, E49.6mg/kgTH %), AEHTRIEADL LOCIHG DBEHAEHEIN TS &
ERERBCANS L, WHEE LTY 27:80mg/kg DCLIEER, RELXRET 5 RAKDEE
LTEREEREEAETRRWEBbh5. FHECIREL, 80mg/kg(20T)DRKMHEZEL
e SR GICET S £582mg/kg, TihbbT.3ECRM S h, £ DI RO EKD 5T PhlE
DB — Py A L 1T 2360me/kg STs D, LA MERMEINS. fiR, RKBECHETLIK
KDOCLRE, HAMBOFICREMEINS.

LLED X >ic, @D, 6180, mClEEORRBKNER IS edicid, KRG ZIHR
T4 BB CERASAEE CEBEINSIMIOFIET LLERD . 6D, 1%, RUCLHERED
X0 EGIRSEKE, RO LBKD T T 288 T, OB LR it D, 610, X
UCLEEDEVEKEREELTWA EMRENS. LirL, 6D-6%0, 6D-Cl, 610 -Cl, 6D -
Q BIUGB0-QOABBGER(EL, QIfELET)T, EHELCRALhZIL DX, &
KOWHED L VEHTOC LY EETRE 588, SEEBORISEERE, LT, K
R X n S EROBKMFHT S8R L, feOBREREE LTV A THEEZRT.

7.4 BAKMOHBELIETICONT

Fig.6m (¢) & (D KT, FHFEAD S15300 HIEH T AR EAK(HH) OCLEREITE, KAKD
WIACIEE X D A EWSDORE. T 5DIDEIEOEIFADOfEY ERETE L5 E -
TW3. ERLTEEEREKS, S LASAEOR URE TR hE, £ OBEiK
DR ERBITEK S A LT 5. BEREENSEHRE X D &\ ETDBK LD b RMAELD
EVCEE AR E N 5. CLEE EWARMALOBEWER KT, Bokh b L icEsn
TR L DTHD ERnEn5. T, FALNITOKE D HEWERKD 2 HirES % (Fig.Ta,
B, Zhbid, S L EESAEMAS R, SHRE LD S\ IEE CHEE LTI
3. CLUEJE DA\ TRLIR 7K DY bR oD PR A AT T HE L, CLEREE O @\ IR 7K AME R D I
SH DK IEE T LT ARIE, PEIT & - Tl LI ARR R D OBUK & hi 4 DRERRIT
S5 L ERETS.

Fig.7(a)ic, BERHORAP ERBHPOBKE SW T D 2 EZ O R AR Z S8R T
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AL bIBEFEDORFPTHCRELLRAKBILLHE LLAES(O-v 7 b LTELEEREL
To KD B 5B LT 28 KU AR b ~C LOMRIC 72 5. 20CH & TR D7), bsld95T TO-
VT LTWA EHE LTe KAKBsh bOEK (AT, O- 7 b LT LEERORKNLHEL
T ARSI A bs~Cs FOMIT 2 5%), d & kik, FEFEEDEOKH5T Pl D B —BE DR
SRR L SADEKa LR LIES, T, hEold, #fHASOMTISTE CHREETL
fe#Bok, HEO, hOHRLELBRZEZERTS. 25 LTRDLNB95CDOME 4 DAEZMBLDHIT
FEIEEEL L DAD 5. BUEIKELKOFILE, BEREFORANO-V 7 2T
ANC9S CAHATEFRE LIcb D, i, BRDBARLENL EALTELLDIEETRTVSHT
EMOMDLB.

0 .
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-20 4 - ‘A,,&’ 7
& 7
s rogsT
~
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i o
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] b/ b‘\A (Oct 1995)
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Fig.7 Oxygen-18-deuterium (a), deuterium - chloride (b) and oxygen-18
—chloride (c) relations for fumarolic condensates, hot spring waters, cold
spring waters, and stream waters. Also shown are lines for SCs and SAg,
mixing between an assumed magmatic steam, S, and super-critical
meteoric steams, Cs and Ag; dotted curves in figure (a) indicate steam
in equilibrium with thermal waters. The composition of meteoric water
A, 6D=—58.0%;, 6180= —8.85%;, is determined so that the compositions
of thermal waters and steams calculated include the highest isotope
contents in hot spring waters and the lowest isotope contents in
condensates of weak fumarolic steam observed, as much as possible.
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RKAKADRMABEENE 2 b, BRI S TXToH 5L, RKkDO-v7 k
BAE2RSA—2L LT, —ENC(AEHM)EE 5. Fig.6(a) & Fig.7(a) D KK A O RA
B, KA ECfEL, 2, Fig.T(@B\WT, BHERAKDERMIDR I BOMHED IR
B, KK XD & FEALA DR 55\ D BERE K D 0DX U BOED TR O I 13, BokKKX O
AREEOWTHEIR RN ES LO5CRE L CEDLIDTHS. 25 LTKRKELRKD
AL (0D = —58.0%, 0'80=—8.75%) 1%, = DOMEZHE D E1000m A B 1500m DT
BT 545 KOEHEACH D, FELEWL. Tk, RABEREONGL X > TRZ 50-v 7
FEIIF2.5%ERDLN, THEFINHMBRTHEREINHE® LRERALTH 5.

8. Y VHERRERKDERICDONT

LD XY, BHTAEREKORAMAERKRPCIESBICIE, KIUEEZL T TEiET 5
BEEEZLLIDE, RKOBRACETLERC L5 HOMBYE 2 o hEf L7 <
o, —EBEWMODDRAMBAETHE. XL, BHRREKCKLUERIDEME LIobDNRE
NBETHEZRIVLTLAEEIRTDI TIZR . FhUL, BEKCCURS S S hb 8
fBE, = /IHOERRERKEDORGABENHELLEIANEIVWLLTSHS.

KKK E LTERSRE T TERTIESRDDE WD &L, Thll EOMRE E Tz
EREKED - TIWZ EE2ERTS. BRAYU EORREK TR, KIZBHERLERD, HELD
WO TRMALZER ST BT 2K AEOMR (Fig.6a TRCs, il RA)BRIEFINS. £
DL DI RKDIESUL, BHEHO PR L TCEL /<HORREBETIZENTES. Thb
b, < /THERERKEDRET, BRASU EOEROBEMEFK TR b, B LIAKIIH
XETHULEBY AL, MRE L TARRFRHEHINSEELH ENAELRS.

Fig.7(@) &, BAALDLERDORKERCS(RVAs) EHEZ 7 <HAEKS LOREGEZRL
fo. 6D - JYOIIC B A MESUEHE KD —#DOW L, TORAMRTHMEINS. Fiz, DRVITO
ECIEEDRFRIEE TH, Fig. 70 (b) & (R Lt X 51, BREMADENERR, BEHRR
Bl EDO KKK Cs(E 1oz As) & ClERHS8. 1g/kg DHE< /<AL S LORAC L H FHEOTCH
5.

KEGIERT L o TR IR TH LS b 5 S DK (Fig.Ta DR =M O R4
BE, KAKZEZCsEBELULTWA. Fi, a3l b L TR LIcKCUhEWERB=/AA) &K
ST (95C) T H 5 RS MANUE, — RBEROEMTNEVWEBEZAMTRLILLSK, Cs
OB EFP LI DTHS. 65T, FEZIAL(bRUad3)nboETUE, AR L2
EONIEBORAKEZDEGHEZZTNO LR L TELDTHHEELTFE L. ek,
SRR L LTI R L IEVLODOfER R LTz, al KO0 WEROBFKIE, BT
HBEFDORKKBEFE LILADTHLELERATLIVTHAS.

KK D DR, RTES (Fig. Ta, IKEDO=/AH) DILF5 i x FAWT, RERTADE
=252 7 (SOg + 8Ha2HoS+2Ho0) & R E R H 2 D F 1 (CO2+4Ha=> CHa +2H20) O - fii ik B % 5
H3 2 &, FRFER, 309~403C &314~490CHAE LI 5 (KEh, RAERT - KL L B). It
B, SECLELLER, 2km OESICHIGT 5 KOBKETS 5200kg/cm? & Lic. BREFR
HAZ ERPFEEEHELREE L, Fhicd > CHEREIZRERT A FHOER L DESCRHHE S
hAEAMBHE19 DT, 22 CTHEHIAIPEHREIES AEL O TWSE®LESHS. &
hEERCVhAE, BHENEER, < 7/<HEKG0TL EXEEINTWSD)ERK
OREDKDOEFRIAE BTACT) L ETRIDZEVWIEZEZFRHELTHWALO>CEALS.
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9. KIS & XKD RENR

U EDEZE % Fig SIWHERMIT E LD, 1FHK
LR 5 KAKDBREDRER & LT, —Hik
RERETHBCHETE LB OBEIT 5845 &,
WAEDE ERBETHHSDH D, RAKLEA AL
TCIEERT 5850, BARE THRE LR LT,
I, Fh EOERE TEHE LN LD
D, < I/=HESREOREE, BRSO
SHEDOHF TR 5.

RN DB WRBEKIE, RKBEFELLLED
B L CHARE £ CEiRIb L, ZThdRED %
FERLTHEI O - THLRAESML,
EOBEYBRH LI b DTHS. Eh, Kknzk Glotas:
Rlg L CHIBRHOBE (0~ 7 b 2R TRE$T) ;
R L, EABRDLAIESHEI TR LS
T 5 FAMAELOENEK S AT 5. A TH |
Hd % 2 ORFARROR R KL, EARTE, |
CO2MEDBEKPESG LD TH L. #oKiT
i, T CERBORT S HEYRES L, —H
RTEIY BRI HESRLRO ERALTWS
AL B o T } Meteoric water ?Meteon’csteam f Magmatic steam

LR @, 200, AEBIILD D O R, Fig.8 Schematic model showing deep circula-
MEHKE, KIUFABHEEOEN T — 212, tion of meteoric water and mixing between
MR 2D, K OMTE 22 O fE R i Koo volcanic steam and meteoric steam in the

] super-critical zone of single phase, based

WS BR Y EE L. ThiCib L, HR on the steam separation model during a
HE T O 2 km DL D B F500m DL I L EE hydrologic cycle in an active volcano, Kuju-
838 — v DIERII Y — Y BB E T B T "wovgma,
b, BEHLD ERA L 7 <Ml A2km IR TRKEEA LR D EAT2EKRE
TNAERBEEL. £ RISEROMBWMMAELN LA TELGEKED Y -V REHEIhTW5 L%
2 TW5h. BFTOERE, ILE T, 370CY, 5\, 340CLL E20 o &k & 8 M e
TLEHE LTS, EEE, R SOFHE13226kg/cm2 TH D, #HKEE L TH2260m DR
TEHIETHDOT, TORIGLIFEFNC I AHERE L 2F—RT 5. T, SEHE LR
RREDOBKDIFAD WO DHAMRELEBDTIL —H LTV 5.

T2 L, SEIORMAEGHNCE S ETATE, BREABHIEIRKOFERRO-MTHD, <7
THCREDKPHEOHAE LT LIBEE LR VCARRENH 5. Ticbhb, HTEBSO SiRE
KB EH LT 26881, <730 bOE X - TREI S W e KKDOIERARD—8E & L CHMF
BT ETHA. FieD L O, BHIRREKSKILUEARKDOEMR LIcKTH S E\W5E2HIT,
BRKCTTIKREENTWAIEEXERTHIDTHD, SHEOF LT LITTEARCTRLS.

R, KT FHHER, MAKOBIERFEOBEMNTIT ~%. Li L, NaCl-H0%
TIET00C L EDERIK TR R L2 T, BEAEEIC BT 52 DBJEHIREI
kDT L DRLB2. KIMEDO T TE, MAOEARLD S SLEERARED R
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W &P LR ARRE S B X O Gl L, HAE), FmOBREIIREBEI NS WHENELED 5.
etd, Aied &b, <7< iR KT OBERF B O SAHRICHE Uil 2@ L TARIC K
Han, \RKCE, < 7/<HOKBRDATR TS L LT EAINLIBETHLHILIEE
ZEDITHS.

#bnic, BHFLE LA ITIC T I T FEU T BUER RS B i R B S 5 i 5% D FE
FHRE, FRLEIEEFRERLEDKR EFBEK, YO, K7 RFEEFFHLEDORFERKIC
RHOBLRERT S, $h, KFRCELLLBEHO &L, H16m CFRITFEE) B EEM I IE8K
(&R BB & SCRRARHETIEE (PR 5 ~ T FE— M5 (B) A « dke&ic, X
O, SFRLT ~ 8 FE—MFE(C)REE  LMEHCIZLDTHS. AL THELZERT 5.

Appendix 1 KD BEICLE S KDERIGHELEDZE{L
LT HECAE S BOKD RN LD LT, DITORETIHEIRA.
0-FRIC X A RN DETT,
55[;-1}103 (A1)

'sMOwW
<HD. L, riXEMEDETH(D/MH, U0/%0), %z FOSMOWIE LK % £
SHCERRIC B0 B RARLED 5 R o 1L,

-
a=X

1l

Ts
_1+8{10°
T 1+6,/103
TEHRIN, BETOBNTHS. T, BLEDsLwIKMEEBELERT.

(A2)

Al.1 B—BREEES R

BEToDBKNELY 21— BRTERL, B—DORETTEIESHTELDL 251617,
WOy 2L —%h s L, WHREBOBKICEZ Fu0% O3 5. HXSH LI ORE
DEEHE@VE)kxbT5E, TXAF—LRMEDRTA

B = - by +(1=3)- B G
w0 = X1y +(1=2) 1 .
X,
x=1_hw0_hw (AS)
i1
&U’
Ow — w0 — hwo — by .(1__1__) (A6)
103 +8,, L a

BEE. 1L, L(=h—h,) REROBMTHS. by, by, LRC a 3 HHRETC B0 5 8
TH 5. DEREC B B BKDRE (hy) & AR (5,0) M52 bhiug, Mic D5 HERE
35, WHEEOR D E LBk (ROES) ORMGLYIET S C ENTE D, KEOHET
288 (AG);'&@ZEE%\®5w@ﬂﬁbi103ﬂkh“\“'€+§3‘ﬁ¥%ﬁf€? HHDE LTz
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Al.2 BB
WHRREE To DB D AR T 28D ET 5. HEmOBKN M NEdn LT ERET 5 &
X, T Rx/F—LRMAEDOESAT,

d(hym) = hedm (AT)
d(rywm) = rsdm (A8)
TH5.
WS - m=mg, hy=hyn T (ADXEETT 5 &,
hyo
x=exp| - .[—11: dhy, (A9)
hy

A k2L, 2, BRETERG 5BKOBREEE (=m/my) TH 5.
(ADRE (AR bdm &k HETH &,
e 15w
dhy, = L
Lich. (AR %, @Eﬁ%#'rw:rm By =ho CES L, rxé-FRCT5 L,

(A10)

3
o 1+6w/103 - l/a YR
1+8,0/10
Ein, \_h%}ﬁfﬁ?é&,
th
——5"’3—6”’0 =1-exp| - J- Ll {2 dhy, (A12)
10° +6y ;

BE. T OFERE, Truesdelletal . !® @ kAR —F T 5.

(AR E (A1) RDOFES L, BeDBRECE T bh,, hy, L, RO a DT — 2 (XKL E) %
FAWTHEMCHET A EMNTES. 25 LT #HRER B2 Bk DIRE & R L OME
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Fig.A1 Comparison between single-stage steam separation and continuous
steam separation for x(a), 6D,,~6D,¢ (b), 4120, —3180,,, (c), and Cl,, /
Cl,,o (d), under the condition that the initial thermal waters are at the critical
temperature (374°C) and 300C .
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