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Toward the Quantitative Study of Hydrothermal Systems
—An Approach to Understand Hydrothermal Systems—

Sachio EnaraV

Abstract

The quantitative understanding of hydrothermal systems is very important in order
to advance geothermal sciences including hot spring sciences. In this paper, such a dis-
cussion is described from the viewpoint of numerical modeling techniques and a case
study of the geothermal system at the central part of Kuju volcano, central Kyushu,
Japan. The construction process of the numerical thermal models is shown as follows :
The first step is construction of a conceptual thermal model based on the geological, geo-
chemical, geophysical and hydrological data, the second is construction of the natural
state numerical model, and the third is construction of the history matched numerical
model. The final history matched thermal model can estimate geothermal potential
quantitatively and also predict changes in the physical state of the geothermal reservoir
during exploitation. Furthermore, it will contribute to symbiotic utilization of geother-
mal energy, that is, symbiotic utilization between geothermal power generation and hot
spring utilization.

Key words : Hydrothermal systems, Conceptual model, Numerical model, Hot spring sciences,
Geothermal reservoir
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Fig. 1 A generalized approach to reservoir evaluation (Elders, 1991)

% (2&Z13, Ehara et al., 2005, %D 5% T/HRT).
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Fig. 2 Sustainable production of geothermal energy from an individual geothermal system. E,
shows the level of sustainable production rate. Excessive production rate E is E>E,. The
value of Ey is not known a priori, but it may be estimated on the basis of available data, i.e.
through monitoring and modeling of the geothermal system (Axelsson et al., 2003)
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RiFIc b T OF EH TR B,

b BRI (—HIc ) (32 OHUISETE ©, FIARIZIE L TR RTRES @) 75 R & Eo
v LN EZ 5N S (Fig. 2, Axelsson et al,, 2003). T D Ey & 0 K AEFEE 41U, KR
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264



560 & (2010) HITICB T 2B KON OERIIMFIHZ HE L T

DORNDIRAEEZH D 72 VR F A2 Hd o TR, a0, +OEVERED 0 H
. T, BEREEOREBEIL L NNS Lk FVEES 2T, FICEERE 2 S C
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FREOMMIchIc -, 5EEETL, FEEFREBIGELLOODS B, EHMEARS X<
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o R Elc e TV EHIBWTrREEE TV (BUKRET V) LE5HG6H5 (Fig. . 78, Tl
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B ATEE) L s A3 S8 0 I LI 4 2 & W 9 BIREWEHR SR S TV 3.
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FEFTRE V- Fo KEEEN S 5. ERNSEE Y 3 2 v — 7 PEIE L 120 - 7GRS
ICBVTE, S Nt oEHEERIC X 2 FZRIEHED AT X - T, BEREZE TR L 75,
BfETE, EEHE ST 2 BUTEESRICET 2 E 7 VIciE-C, BEELZFMMTE5 &
I ->TWAB, Fi, [RFRIC, BGOSR, AT B0 Z Lo Tl i3 K
THh - teh, FBETIEEE FVICRESOTHREE B> TE TV 3.

COEITHEY 3 2 L= DB BDONONOBIKRIEBICRKE S BT 3 LI I ->TET
W3, -7, Bl Y aL—5%, HBJSERNRE T Cldnd, RS EIC SREMmRIICH
ML, BARRO X SRBELIEESITO, BUBHHEZX > TO TEPEREEZONS. C
O &S HEOMEOFAE S, HARKEAHLERMNHEOEICOEHRTEZ2b0EEAOLNS
(HAME:S  HiEgEE R & o2 i 2R84, 2010).

DL WERBMBEKREFT VAL L, Tho2RAeLTVL T Eitk->T, BUKRMH
FRICHT LOVEANEONZD TR WA EEZTVAS, BT, B0/ N5 % — 5 ZHlAIAAT, B
IKFRDFGE E WS BIS & OERM IS OMEREZ IR L 720,
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C, PIbTld, MBI B 0 2B E KON O D T\ 7 o & RIS E AT
btz BIETIE, TOLIBEZFICESWT, Hio, MBGESEITMEIcB VT, Bk T
FOVISHEER S N, BFREFEME &b, FERTFRIS TN TWAS (& 21X, Yahara and Tokita,
2010). L2p LS5, RETR, FEVBESG L, 9B EF v o XA T FVERIZD
e 7ok 2%, KOBESUEXIHULEHEE LB OB 2 Jul & 3 2 H8) Z6)& L
THEAMN L7, S, SHEMLEIC B 1 2 BUKRO IR (£ 7 IUER) DORREIR WA WA LB
1k b EHEEEIN, NEKLOr -2 3207w 2%2/RT 1 DD XKWL S D TRV
EEBEZDMOTH D, HEOSVEIEE F VAR HIEMIE CREES N L HIC b5, ER%E
SUHBROBCEI T 2RI RVICEET 2 E B A T0Wa, 58, £ < oMz s 2HFED
BEEFVREHO 70y 7 0515 288 S O02 00, Kig XX TR ILE KL OGS B
HEbDTH 5.
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ST, JLEKINERSEESICH , 1995 FITKERUER A LG kilitcd 5. zoduldiE
AN OJER I BILERE L EMFEN 2 DDPET S b - & bIEFRAESHIR (EE4 500 m A
A, B, C, 3 DOESHBIEAFAL TV D) BIFEAL TV S, BEARNCHRESERIEE & 400°C 282
TV EDMERINTV A, 158, 1950 FAEIFITIE 508C SV HREMNEHISh TV 5 (Mizu-
tani et al, 1986). £7z, HARKEEIZH 100MW T, Z0OKESEEIICE > TRBEN TV
JIE S, 1981). COFICIEZEV R =) v FHini<, IhF TIRBNTE L D )i e 2
N =< F Y7 EREBIEETT ) ¥ 7 SafE TR OIS D 555, 1995 FEOKESUERIZ, LIF
ITIRNB X 9T [BUKETEE LIBOWEREE | IThEFS2 5L TE, —EOEWKDH 5 EF IV
REENTIRET RIS W EEZ

JUERE LS T, F PSS & 02 o ELIHIR T BWIBTIA T, ERHIEE S ik &
N5 ARNHE (B, BR, AZEICX2) - BHUKE, FEHRO IR RS 250 L 72, =
LT, ThoofllliEx s i, <7 ~, HEFEREICET 2HEEIC L7chi - ¢, BT v
1o BUKGRE F VAR L7z (Fig. 3, VIJH S, 1981). TDEFNICKY, ESHEH N IckEEs
bbETNE, [E2HOBEL COIFEETHY, HHESNEKDI B, $10% 8~ 7 < il
ThbEHEL .

FOBUG IR  BUKRE F RO BB TR, M NS B 2 I3, BT
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Hydrothermal System of Kuju-iwoyama Volcano
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Fig. 3 Hydrothermal system model of Kuju-iwoyama estimated from observed water and
heat discharge rates. The values in parentheses contain only the water flow rate
discharged from the fluid reservoir (Ehara et a/., 1981)
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WCES R AT O 7o, MBI, MT #RE% O Bk EIA 217 - 72 QLI 5, 1990 ; Mogi
and Nakama, 1998). & 512, EHF— 42 VWRIHF— s 2BHL T, @HSH I EEE TV
ZAERE L7, 2 0fER, B 5km, EX 2km OMFEMIMEEO LM, B 500m, EX 2km O
AR EE K — v A FOH MRS E 7 V2 ER L, FUDEHERRO FEr 6, Sz v srvE—
D= =K SN, ThDADTERD 513, HEREGRENHHE SN, HEL S EEICKAH
ADTE2EFVOR, [U2HEPWA2HIEY I 2 v =21k, BUKREFLVAEIERL 2
(Fig. 4, Ehara, 1992). < OfEHE, dulEiBkity — v T3, 200~340°C DX 2 HHSEAET B
EFINERD, v S RIKOFERHED SHIHENBKD 75% &, I < 7 < hEvk R E 7L
ThbHI EEFIENR L. 1, TOEF VDO TFHEINBFES 00 I N o s E S
AUNE DN A b ilH 4 5 T 1278 - 72 (Ehara, 1992).

Z D%, 1995 FFRICILERHE D < (ESHATITEE L T 2B SHBE DR 300 m) TRESURFED
FHL, BKE, EBETY &L bic, HROBFE(LABIIL 72 (I, 1998). Z OfEHRES
N b KX BEEIL, KESKUEFE, BT (100 MW F2E) Iclh~ZBoiE&E (1000 MW 2
JE., DR EALRKRTERICLZ) Bk LIcC & &, KIAB—BLTAEILELIETH-
fo. 22T, KIMRSEIZHAT 2 £ 578, 3UOLEHE T IVEMET 5 & 2ilA 7 (Fig. 5, (a),
(b), (¢c), (d), Ehara et al, 2005). % OfER, KEKUEFITHE - T, HIBTRE D E/1Hv 28D
L, D S koS KRt o ric it S h,  KIEhi 2 s 54 2 —4, KEo
ESBENG LW EFVCHERRAGRIATE 2 AL I Lc. EFVORE S
(R 2 R EB O, B 10% 12 Ns3< /< KOKEBHES) BTOEFVTHEILTRH S
B, LA, HINICB Y 2R ENICE A 2 OE @EKABEORES > Th W) MK
VT EBEEFIITRLIL. Tb5, HIEOHRERNSA > TOROWHFEEE FvTlE, HIF»5
IS NREOE EA EBHIRD SIS T W, HIEAZEL 2 3kt FuTid, HiF
PO ENZFHKZT0% EETH D, O EIRIITEE S RINOHIGHRE) & 72 - TRiLiE
TEFEFNT B EMHSMICENT, BESL, TO—EMILEBICTIFEST 2 iRBKDEFICIE > T
WABDTREWAEHEL TS,

P b, EKILFuE oS - RIS ZFIC & - T, BUKRE T VIBE DR Z R L 7203,

104.4 MW
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Fig. 4 Vertical cross section of the cylindrical geothermal reservoir of Kuju-iwoyama (Ehara,1992)
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= T 1=~  Fig. 5 Three dimensional hydrothermal sys-

o B £ i = tem model of Kuju-iwoyama. (a) Con-
ceptual hydrothermal system models.
Left : before the 1995 phreatic eruption.
Right : after the 1995 phreatic eruption.
(b) Plan view of the block layout of the
numerical model. (c) N-S vertical sec-
tion of the numerical model. The red re-
presents the permeable volcanic geo-
thermal reservoir. (d)Temperature distri-
bution of the N-S vertical section of the
hydrothermal system model. Left : be-
fore the 1995 phreatic eruption. Right :
after the 1995 phreatic eruption (Ehara
et al., 2005).
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