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Abstract : A single-box-model numerical simulator for personal computer analysis was
developed in order to estimate macro-parameter values for exploited geothermal
reservoirs and essential fluids supplied from the depth. The simulator was designed to
compute history data concerning total production and reinjection fluids at geothermal
power plants from the assumed parameter values, based on conservation laws for water
mass, energy and masses of conservative chemical constituents of geothermal fluids.
Using two kinds of forward analysis techniques, i.e. cast-net and pursuit methods,
programs containing the simulator semi-automatically selected optimum combinations of
the unknown parameter values by minimizing the differences between the simulated and
measured history data for specific enthalpy and chemical compositions of the production
fluids.

The forward analysis programs were applied to the history data from the Onuma
geothermal power plant (production capacity, 10 MWe) where waste hot water reinjection,
chemical monitoring and artificial tracer tests have been conducted since 1970, almost the
beginning of the geothermal development. Using the history data, especially for enthalpy
and iodine concentrations of production fluids with KI tracer amounts injected as spikes,
the macro-parameter values for the exploited reservoir and essential hot water from the
depth were uniquely determined as follows : mass of convecting hot water in the exploited
reservoir (MO0), 32.3X10® kg ; recycling fraction of the reinjected waste hot water to the
reservoir (R), 0.74 ; specific enthalpy of the essential water from the depth (H1), 385 kcal/
kg ; chlorine concentration of the water (C1), 259 mg/kg; iodine concentration of the
water (I1), 0.086 mg/kg. These results support the conceptual model that the exploited
Onuma reservoir mainly in the Tertiary volcanics is supplied with neutral hot water of
abnormally high B/Cl mole ratio of around 1.0 by a large essential reservoir distributed
at depth in the Paleozoic to Mesozoic detrital marine sedimentary rocks.
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A

Steam (no.3)

F3(t)= XE8 kg/y Artificial
*H3 = kcal/kg Tracer Injection
*C3 = mg/kg AT (t)= k
*I3 =  mg/kg (t) g
%
— — TotallProduction Fluid (P) __ _} _ _ _ _ _ _ _
FP(t)= E8 k
HPEtg= ical/}%éy Hot Water (no.2)
CB(t)= mg/kg F2(t)= xE8 k
- = g/y
IP(t)=  mg/kg *H2 =  kcal/kg
; C2(t)= mg/kg
S I2(t)= k
Reservoir Water (no.0) () ng/kg
@*MO = xE8 kg \d
. HO(t)= kcal/kg [€ -
Cco(t)= mg/kg @ *r=
I0(t)= ma/kg

Deep Water (no.1)

F1(t)=  xE8 kg/y
@ *H1 = kcal/kg
@1 = mg/kg * Assumed to
@*11 = nmg/kg be constant

I @ values to be estimatedl

: Flow rate *M0: Mass of convecting reservoir water

F
H: Specific enthalpy *R: Recycling fraction of reinjected water

C: Cl concentration *H1: Specific enthalpy of deep water
I: I concentration *C1: Cl concentration of deep water
AI: KI tracer amount *I1: I concentration of deep water

$1 EERNERA N =T =Y CEIEEY S av—v =2 VIEBTAOBERE s N BKRDE—
Ry 7 AET )V
Single box model of exploited hydrothermal system for numerical simulation forward

analysis based on chemical history data.

Fig. 1
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R ERELD OFRA, SEEHC L 2BEERK RE2)
LR ERS (RE3) O, BLULBTHERELCT
HITIRIL & 3 R EESURT O—HEVKDBERA L H
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P) TRENB,

RFH T, BEBRY 7 AFOWRRAERE R
MO (X10%kg), &7 0—D¥i&ESF (X10%kg/y) & ¥
3. ¥z, HFELSNIREERKOMBITFEBAND
TERELRR T %, KREH T K> LA HMBGAE (R
F0,1,2, 3BLUP) OERIIFT—21%, ooy
v— (Hkcal/kg), CliE (Cmg/kg), 1IEE (Img/
kg) TH2., ZhoPSOBELRFRIIT—2 LT,
AL v —3—3RBRiz & 0 KRITHIC A A 7R eEA
ahkzavibr Vv A (UFKIEKE brv—YV—8&
Al (kg) 3% 5.

2.2 EBAHER

SEIOFTETCE ERLIZE—Ry 7 RETF VIO

Fundamental equations:

MO = MO + F1(t)*At - (1-R)*F2(t)*At F3(t)*At

H43H E 9B

T, BoMCE LIz {1} ~{4} ORIz ESL Tz
HEEARERANRIIT 5 LEL S, IR RFRERME
Rz oW TOEERER, Q= AvF—H#ER, 3)
CloBEREER, WIDBERERTHS.

Ihe OERAEROBIIR L U, BEERK LM
ISR B R OSSR & OB X OREERIK L BERE
A EK[LOMCBE, »aVv¥F—, CIEE, [HE0D
BER 5B~ L0 8} ~{1}skard s £ 25,

IS DOABRIE DV T, BRI i nEErEEs
® 70Tk 5 2 CIHREIEMELUT O 59)DIRE
BToTWwW3,

(1) FEBB» St FEEORE IS L CTRER
OWEBTRAT 20, BFEBFRFORFBREREE
M0) B—ETH3.

(2) FEBRIBWTRREMEL L TESHORER
T B ZEHHEET, BIBK1IHOADRERET 5.

(3) METHKDIEEBADERE R) H—ETH
%,

(4) IFEEROFREOMKIEIToIREL, &F1 LK

{1}

HO(t)*MO = HO(t-1)*M0 + HI1*F1(t)*At
CO(t)*MO = CO(t-1)*MO + C1*F1(t)*At

(1=-R)*H2 (t)*F2 (t)*At - H3(t)*F3(t)*At
(1-R)*C2 (t)*F2 (t)*At - C3(t)*F3(t)*At

I0(t)*MO I0(t-1)*MO + IT*F1(t)*At -

Supplemental equations:

HP(t) = HO(t-1) (Calculated) {5}
CP(t) = CO{t-1) (Calculated) {6}
IP(t) = I0(t-1) (Calculated) ({7}

Unknowns (__ To be estimated; * Constant; @ Assumed):

*M0 (Mass of convecting reservoir water)
*R (Recvcling fraction of reiniected water)

{2}
{3}

(1-R)*I2(t)*F2 (t)*At — I3(t)*F3(t)*At + AI(t)*0.76*%1000000 {4}

F1(t) F2(t) F3(t)
FP(t) = F2(t) + F3(t) {8} *H1 (Specific enthalpv of deep water) *HZ @ *H3 @
HP (t)*FP(t) = H2(t)*F2(t) + H3(t)*F3(t) {9} *C1 (Cl concepntration of deep water) C2(t) =*c3 @
CP(t)*FP(t) = C2(t)*F2(t) + C3(t)*F3(t) {10} *I1 (I concentration of deep water) I2(t) *I3 @
; IP(t)*FP(t) = I2(t)*F2(t) + I3(t)*F3(t) {11}
i
1 History data: . .
i Objectives: Estimate the M0, R, H1, C1 and I1 values
| FP(t) *ES kg/y (constants) that minimize Sypr Scp and opp -
| .
' HP kcal/k M d
: (t) keal/kg  (Measured) oy = (S(HE(t)calc - HP(t)meas)*2/N)*0.5 {12}
CP(t) mg/kg (Measured)
gep = (Z(CP(t)calc - CP(t)meas)*2/N)*0.5 {13}
IP(t) mg/kg {Measured)
orp = (Z(IP(t)calc - IP(t)meas)" 2/N)"0.5 {14}
AI(t) kg

B2l BARSNLBAROE—Ry 7 AT AVEMEY S s v—y 3 VIBEITICHER L ARRA, R
AT A—F—, LA MY =T —7BLUENEK

Fig. 2 Equations, unknown parameters, history data and objective functions used for single-
box-model numerical simulation forward analysis of exploited hydrothermal system.
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Data input

cases

e Loop
End
Next

Initialization

¥

Output
(Monitor)

A

Judgement

.
P ca. 5%-25

\ HP(t) & IP(t) | . 0. FP(t) & AI(t)
calculation [ measured data

oHP & OIP HP(t) & IP(t)
calculation measured data

WWMWWJ Loop parameters}

Seriew\
MO, R, H1 & I1
values;
year range &
step numbers
T

Single-box-model numerical simulator
for exploited hydrothermal systems

Objective

Bad
Good

Data storage:
MO, R, H1, I1,
oHP & oIP

oHP & oIP

functions:
oHP & oIP

Stored data
5 output (File): .
MO, R, H1, I, ’

%3 FRFE S NI BVKROB—Ry 7 REFNVEIEY 2 2V —Y 3 VBT 70 75 5 OALED R

i OB, Gk

Fig. 3 Flow charts of forward analysis programs using the single-box-model numerical
simulator for exploited hydrothermal system : (A) Cast-net method ; (B) Pursuit method
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HBFEBATEE R RO IR (K )

bData input

\\\\\\\\\\\\\\\\\\

1+
4 parameters *2

aramete
alu

Repeated

Decreasing
step sizes
for parameters:
MO, R, H1 & I1

T 4/’555\\~@

........................ ~

\ /Tnitial & step\ N
N values for \
\ Initialization MO, R, H1 & I1; N
: year range & :
N & \step numbers/y/ N
\ : N
N ( \ \
VA HP(t) & IP(t) FP(t) & AIL(t) \
! calculation measured data N
N \ J
. j N
\ i N
\ i Al
N / \ \

Al
N oHP & oIP HP(t) & IP(t) N
! calculation measured data N
) -
N Y g A S

Single-box-model numerical simulator
Output for exploited hydrothermal systems
(Monitor)

_| Selection of
minimum oIP casg

Data storage:
MO0, R, H1, I1
oHP and oIP

—

Limit number
for decreasing

e
Under limit

Y

Stored data
output (File):
MO, R, H1, I,

oHP & oIP

HBEEFMSHRIERENER S h, RS OIEE
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BHOREBID IO B2 iE, MEFHERF, 1987; 7§
F 6, 1989).
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MO, R, H1 & Il

AEPTKILESE - KRB A E s T ERREE L T8
BERPIHEROAICED N THKEBRSHEL T
BY, HokiihiEc ClEE S 400 mg/kg £ £D
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1973). Z DEE Bk D B/Cl HLICHET 2N 2 T, KE -
P& (1981 a, 1981b, 1982, 1987), Shigeno and Abe
(1983) &, N-S HHQOHEHPICAE U T EREIC &
TEWEKELSIIE S W5 KEIBRAZ T, £ ORE
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CAEEHSA (B 1400~1800 m) TO I BEELOE
HIPMERRINC ERG S iz (FRIE D, 1977, 1978). 2O
BER, (ONEROAFESE KL CIEBET 8T 2
BREOFTEIIZK ERTY—HEIEFEL, BuHEI
BHRENH m/h ET 3 2 &, QBT & N B RO
FEHEZ YU ECELTWE 2, QIEE Ny 7
729 PEO L o IFERBROXMERARE X
50~80x10%kg BE L R o5 Z EEXHEP IR
Jo (FFERIE S, 1977, 1978 ; 1KBF, 1988 a, 1988 b, 1989 ;
Shigeno, 1992), % D% 1983 iz b, —FFHFIA S h
72 BICH 0-8 R 2 5 0 KI (300 kg) DEAR & 2 AT
Py ——RBNEHRINTVWS (BHIEH, 1989).

—77, RBHE TIIRFELY L D EEEHICBIT 25,
K BROWE, INEHNEOBA L L bz, BAFO
FEBERSBEOSBEINCERS L THE, &
FHIED (1989) 1, 1970 £E4 & 1987 £ % TOMEETRAK
OFFHE - FiHEE UTHOES, RE, kv yn
v—, ClEE, 1BE, C/BH, vV »EE, 7rvY
HWEEZOREELEFREL TS, ZOREIX L
28U CEIBSOEN 2 2.1 ata, BEEREOLT >~
Z N —8 215 keal/kg, ¥V AR 215°CTIRE R
FELTWw3, Zhiex LT ClEE I 1970 4 O #7280
meg/kg 5 1977 FHEE Tz 420 mg/kg w EH L, Z
DOBIIFF—EHLL TS, —F, I BETEELRRL
72 1974 D 0.11 mg/kg > 5, 1975~1976 E£D AT »
V——HEROBEIW LD 1976 F D 0.29 mg/kg &

AFREL, ZOBBRETLTHO0.14mg/kg T—Ek
LT3,

MAEES - B (1987), EH - MEES (1987), EHIE
2 (1989) IXFEIRUVOIFRERADEEH W THTE
B 5 DARFEKD CLIBEE, I[BEEZRREL, EELO
FZ YT T I EHTOTE Ry 7 AET VI &
D FHEHED B\ I EEEZE (L & I BT O F KRR
B LIBRTHKOWEBANDEREDHEERTo /2. %
DR IZETE DS 20~30 X 10%kg, #BF0.70~0.75 L &
Hanhie,

1981 FEPABEREHBIROTE /550 1.5 km wwBiES 2 81
HolR iz 8 > THUEVET - BRSO EC T, ZE~
7 ) 7 kR e £ FALE RS T3 1995 F il
BFEF (RBEE 50 MWe) OERERBEEEE LT,
BB O -EHERE 2 ED Tw 3 RFER,
1986 ; Sakai and Matsunaga, 1988 b ; Maki ef al., 1988 ;
Ueda et al., 1991 ; &fH, 1991).

4. KBHIBEKROY I 1L — 3 VREN

4.1 BT —4 5L UBREE

AR BV TIE, 1970 &5 1987 £ & THEEE
R B B BERT ORI DR ME - THEE LT
FENTWLIRE (FP), v orvr— (HP), Cli
B (CP), [#E (IP) oA NY—F—% (BHIED,
1989) BE VI Fv—H—EA (A) DA MY —F—
& (3T, 1978; EHE», 1989) 2AWT, Zh
507 —FHERCEALTHRIREIEEUTOLRAT
b2,

1O Irv—H—EAEX M) —2BRIER Y-
F-y %, EHIEF,» (1989) O 9 KEIHAL THAM
DEE LTz,

(2) RIBHI TIE 1970~1987 £ DI HiFt OECE - 5
HArEFOLEENZINTWS (BEIED, 1989, F4
). Ly L, SEOEFTIRIDHRIEDOWTIRER LR
oz,

(3) KRB CIHEEROBAKDE—LICET 2 HFHE
W, HEIES (1978) O 7RITRE R TW A EETH
AQOKI PV - —HEABROSEEF BT 2 RED
—E b BT 2 EEr S, 27 BRETHS LHHFSh
3, ThiCESWT, BEY S 2aVv—yaryOF4 LA
Fv B4 ~12E/FEE L.

(4) KBHRTIZ, 1983 i EEH» o BT ciH
ENTO-8RFIC00kg DKI P v—H—%FALT
AT b —H—FERfTONTDS, TOLIIERFOHL
WEEHO-IORDARCELZEIWCHEL & (EHIED,
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HBFEBTEERACFERECOIEEN (REE0)

RS KIBMBAFKBFFIOCLA MY —F7—% (CP, HP) WEAShIE—KRy 7 AT NVEEY
S av—va YEABEIEFRITC B 2RE ST A—F —fE, BWERB LU s 4%
TRRC X 2HmHEr —AFE0—f E4HE2R)

Table 1 An example of cast-net method forward analysis using single-box-model numerical
simulator for the history data (CP and HP) from the Onuma geothermal power plant :
Assumed parameter values, objective functions and ratio of selected cases by the

program execution (see Fig. 4).

(1) Run number: O-66
(2) Assumed parameter values:

Minimum Maximum Step Numbers

value value value of cases
MO X10%kg 10 100 5 19
R 0.05 0.95 0.05 19
H1 kcal/kg 200 450 10 26
Cl mg/kg 200 450 10 26

(3) Objective functions: oup< =8 and ocp< =16

(4) Total numbers of simulated cases: 244,036
Suitable cases for the objective functions : 91
Suitable case ratio : 0.000373

1989, 543, 1K), LyL, 20HET IR O-8R#H
OFERIELEESNT, AEAFRIAET 25 LwEnH
O-9T »FIH S h7z (BHEIE, 1989, H4K, £ 2X).
ZD7zd, FEDO-SRICHEASHIZT b —F—
i, R\ O S W BB OEGI BT 5 O-
8 R #H~0-10 R H M DAL 2 BokfEBR AP L85
e DA THEBERICEBALE> T2 L FEL, SH
DT CIRER L 72,

R BWTIE, 2.4 KRR HLULBEFE L 28
oY HEWIEMRT S0 7 S 22 Avi, @Bifcdi-o
TREEESEET2HENTERDTL, T A—F—
BRFES LTZhThEfEs X BIE0E 7o s 5
LABRBEALE, ZhsiE1MO0, R, HI, ClD420
KRENDNT A —5 —(ERMEET 5D HRBESE LT
Gop & Gp E VWS HE, BXUQ2)MO, R, H1, I1 @
4 DDRHDNNZ A —5 —([ERHEET 5 72012 HEEE
ElTCork orE ZBAVLHETHS, &8, Q0OEE
W13 1974 FELUFT O 4 BE AR O 138 O HIE & 25F)
TERWVIYD, 10 OFHEEE L TR ENR 7 —AD 11
NIRA—F —(REEEZDE LR,

4.2 BRIFHER

APRICB VT, EEOEITRE Tk~ 25Te5E
BiTbhies, ARETRUTFELEROAEZEY
FL05B,

4.2.1 ocrk owr® HEEAS X U /B8 B & BB

TR

SEORBHIBBARIZOVTD 6ep k. o & BN

RAM L U7 @@t 7o 7 5 A 0FBF L LT, BER

HOH 2EFEIL L & IERR L RN S SEEL 7
40PN A—F —(HOHEAGDLERE 1 RIZRT. =
OFEF TR 1IEBMDOS A 2 ATy 78z 4EEL, HH
BESDEFEHAM I3 1970~1987 SE & L 7,

Z DR HI ORI, H4K (A) OMO-RE
BLU(B) O HI-C1EOERERIIRT & 5 i BB
Ocpy OupWZNEN 16 AT, 8 LT DHFEM 4 IRITTLD/S
S A—F —ZZET L ODBICB > THHELTBD, HE—
DIFEERD D Z EBRETH 5., ZOFRIZ, F5RK
RTEPI2MO, R, H1, C1D4DD/5 X —% —ff
%2 FEROBEDHAEDLETRELELI R4 7 — R
DCP,HP O % 2V —3¥ g VE L EHE L ORI
DL 5 PN TH S,

LEEOBEEL S RE AN NRT A —8 —[EOHEAE
DEPSHEFEL ocpx BRI & U 72 50E 1B PR AT
Far o LDBEHBRERTIX, 40087 X —F —(E T
WEEITIC L > TE o LEROKR EOEICEET 535
EbDHB, N7 A7 MEHIEGEORKEZERIZH
HEECHKELTBY, Ihor—RIRs¥s I i
H#TH - 7.

4.2.2 op & oup’k ERIBISR & U 7o S MBIRRAT

SEORKBHIBBAKRIZDOWTD op & owp & % B
BES L U7 BT 0 7 o LA OFRAGIE LT, BR
0 2 &R IA L & - ERERE R BN & SBE LT
4DDNRT A=Y —(HOMAEGLERE 2RICRT., &2
B, OB TRFHERR2HNT 220 LE-OY
A AAT Y TERIEERK AEHE L2, [EEOEL
PR &2 1974~197T8 FEOMIX 1 E DS 4 LA T v 7

— 581l —




HEREFTARGFEISE £99)

1.0
R

0.8

0.61

0.4

0.21

Yy = 1.1236 - 1.5861e~2x + 5.1531e-5x"2 o
R"2 = 0.917 O ooano
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F4E oepB & Vo HIUBES L Lo KIBHE E X b
V—F = ORBET TS T A & B IBETER
BB EME SR E /37 XA -9 —EOHEAEGED
M 0-R FHEREZWSB L U H 1-C 1 FHE#EZE)

Fig. 4 Forward analysis results of Onuma history data
by the cast-net method program using ocp and
oupr as objective functions: Cases with suitable
combinations of parameter values were projec-
ted on MO0-R plane (A) and on H1-C1 plane (B).

e 12EE Lz, BB OFHEIIRIZ 1974~1987 4
ThH5,

Z OBAERBBIORERIZ, 6 (A) OMO-RE
BLUC (B) 0 HI-I1EHOBRERCRT X 3 iz BRI
Oips Gup S FNZF 15 EUF, 20 LT DBED 4 IRTTD 2%

O HP (MEASURED) KCAL/KG DOCP (MEASURED) MG/KG
© HP (CALCULATED) KCAL/KG & CP (CALCULATED) MG/KG

450 — ]

400 [~

330

300

250

1985

YEAR

E5K oepB & Voup BRIBIE X Lo KM E X b
V=7 =S OBREET ST 5T & B IERREE
BRESEHRER D5 A —y —EOEARE 4
T—AZD2»TDCP, HP DAY S 21—
VarfER (k7 —An0d OV TREINEES
B

Forward analysis results of Onuma history data
by the cast-net method program using ocp and
ouwe as objective functions: Simulated temporal
changes of CP and HP for four cases with
suitable combinations of parameter values (¥
see Fig. 10 for the case no. 4).

Fig. 5

GRA—Y—EETIERCEEE>THMLTEY, W
— BB DFCEFENCEELCWE L E3 2 et
&%, Lipl, COFFICE S opk ow & OB T
TE TR, ok ow & BRI IZRME L 3% 570
AEHEREVIEERLTWS, ZDOEBRTIX
Gup BER/IMEIGE W S DDHRT o R/IMEE B 2 BE %
KHB L

MU EDIEE R8T X —F — 22/ D\ T DT
RIZE TN, BRI SCBBEELTWBEEEZ SN
ZHEEHIZDWTENT A —F —EOHAEZREL, EHE
FE% & 0 #ih < BRE U CRAEERMERNT 2 ST 1 5E
BEOEL T,
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MWBREREERKCFERZ OB (REFE2)

1.0 15 g ]
A T P 3
R a g ! a { B
g 1P ! o . ] ! :
4 -]
0-8 s s a OHP<=20 T . % d
n m OIP<=15 B, = 2 9
10
0.6
0.4
5
0.2
0.0 T T T 0
0 20 40 60 80
0 5 10 15 20
k
MQ xE8kg o HP
0.16
‘ B BT 0B & Vot BB E L KBHEE 2 b
{J/k YT — 5 OREE T 0S5 AT & B IERATRER
9rke EBEM AR S € 5/55 A — 5 —(EORMBEED
| 0 HP<=20 < ”
0.12 0 IP<=15 onp~oip T EIR Y
R Fig. 7. Forward analysis results of Onuma history data
T by the cast-net method program using oip and
Gonoma oup as objective functions: Cases with suitable
- BAaa
0.08 " E= combinations of parameter values projected on
@ m oup—0ip Plane.
0.04 1 . . N o
BEX3M2°CE R 2. U LDOBRHE T A —F —EOEALE
®EFAWTHP, CP, IP OFRE(Y S 2 —yva vk
000 Tol-itR%s, RAFEL BT 2B TEIKICTRT. &
200 300 400 500 B, HSETRIEMOS A AAT v 78k 2EELT
H1 kcal/kg

B cpB & Vo BN L LA ABMEEX L
Y —F—F ORPEET 0 ST LT & B IERETRESR
HREHEHES 235 2 —F —[HOEAETD
M 0-R FEEFAOS & U H 1-11 FEEZEE)
Forward analysis results of Onuma history data
by the cast-net method program using o and
oup as objective functions: Cases with suitable
combinations of parameter values were project-
ed on MO-R plane (A) and on H1-I1 plane (B).

Fig. 6

ZORERZ, MO, R, HIBIUIl OEHEHEE LTE
2 32.3x10%kg, 0.74, 385kcal/kg, 0.086mg/kg
BB, ¥51, TOMO, REIUHLOZREE
EZFWT ocp % HRYBIS & L 7RI 217> 2 &
WY, BEDOCLE LT29mg/KghBBEshi-. &t
B, 2.2 TBNIL S CHARERAERZEK IHEEZEZ T
20T, LEOL Y Z VE—{EHD » SEHET T ED

YIiav—varERfTolERcETSE, BAOEL:
FRLTWS,

2.3 THRARILSGEOBEY 2 av—yar2RwiE
AT T, [P O & 5 WIFHIZELSA & RBE I A4
LATYT (At) DREIRLX Lo THERIPIARELEL B
AREMERH B, ZDR®, ERUIRE T A—F —E
DHEAEFEDBEITDODWTI A LARATY TH/E %
1~183 HWEZ THEY S 2 v —¥ 3 VBTV, 208
EEREI L., ZORERIRE, BIMRRTEIECS A A
ATy THEBE L~ ETHNIE opfBIZIFIZ—F L
RoTBY, K CAVILAT Yy F/ERHEEEL
IP DZEALHZE Lv> 1974~1978 FEDQRID 4 12 X F v 7/
FEERFDHER, BYTholztELONS,

4.2.3 ok owpk BRIEESL L U 7B INEREAT

SEORBHIBEABIZOODTD 6p & owe & % HIE
BESLE LUIBBNEET 2 7 o A DEA T, FE3HRI
RTELIRLADDNTA—F—ZODWTENET N LR
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w e
]
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HOQOX®W =2
- S

oHP (Measured) kcal/kg
"HP (Calculated) kcal/kg—]

aIP (Measured) mg/kg*1000

[ -IP(Calculated) mg/kg*1000]
100 -

xFP xE8kg/y
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N SRV I I N D
1970 1975 1980 1985 1990 1995

F8 opB L Vopk BEWESH L L REBEHE L A b
V—F— OREETO ST A & B BETTRER
BT A—F —EEEwIP, HPB LU CP O
BEELY S 2v—va VER (Y4 LAT v 7K
% 12 [/ UCHES L UFER)

Fig. 8 Forward analysis results of Onuma history data
by the cast-net method program using o and
ouwp as objective functions: Simulated temporal
changes of IP, HP and CP for the optimum
solution parameter values (calculated and shown
with 12 time steps/year).

4.2.2 THESRNT-EHEED 5K E AT RAN2 DDE
PERYD, BB —AOFIEL LTINS DEDHEA
ELEEBERL, o2 FEL BNEE, o 2EIRN%E
BB L L7z, B2 LT Ih s OFECHE S DY
WEB4D207—AEIRER) COVT, FEY S
Vv—yavick s IP & HP ORBELOHEER2HE
10 E EDTRT.

SEIOBIEEROME LT, BT A—F—0D
FIHAES M 0=60 % 10%kg, R=0.30, H 1=250 kcal/kg,

2000

O HP (MEASURED) KCAL/KG

© HP (CALCULATED) KCAL/KG

A |P (MEASURED) MG/KG*1000
& |P (CALCULATED) MG/KG*1000

350 — T j
L 1
r Steps oHP oIP
5 1 4.16 28.49
2 4.16 17.14
3 4 4.15 10.86
300 [ 6 4.15 10.31
L 12 4.15 9.70
L 24 4.15 9.88
- 36 4.15 10.01
3 72 4.15 9.87
. 183 4.15 10.04
4-12* 4.15 9.72
L (* 1974-1978)
250 [

200 [

l
1975 1980

1985

YEAR
%9 U]PBiUO'Hp{’EEI‘Jﬁg&tL?Zk%i&ﬁtx]‘
U —F— 5 QRS0 ST AT X B IERITER |
BHENT A= —EERAVIS A LAT Y TH/E
PRy T av—v s VER (P, HP) KkIE
FEBDT A b (KFEFW IP, HP OFHE R FR)
Forward analysis results of Onuma history data
by the cast-net method program using o and

Fig. 9

owp as objective functions: Tests for time-step
change effect on simulated temporal changes of
TP and HP with the optimum solution parameter
values (annual average values for IP and HP are
shown).

11=0.120mg/kg DH & (no. 1001) OBk R »
MO-R¥E, HI-I1 FRCHRELCEIIRKA) BLT
B) WRT. BB, HFXFA—F¥—MO0, R, H1 B X
CI1BRITOELZLZHTHY, KT RA—F—D
EEREORE S BEBICELONTVWEDOT, BHOERE
WA 2 BRI 2 o, 8 12 BT IR 2 OBE DB
FyTEOBEMZE 3 ark owpk DELERT. &5
2, BIRTRT 4 DD/ X— 5 —OFIHEDOKRNE
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HAFEEAEEFACFARECOIEFENT (KFIE»)

F2ER  KBUMBHAEBFROLA M) -7 —% (IP, HP) KERShBE—-Ry 7 AT VEEY
I aV—y s VIBRIEETIC B U B RE T A -5 —fE, BRBISB LU T 0T T AR
TRRECX 27 —2AED—f (F6K-57HER)

Table 2 An example of cast-net method forward analysis using single-box-model numerical
simulator for the history data (IP and HP) from the Onuma geothermal power plant :
Assumed parameter values, objective functions and ratio of selected cases by the
program execution (see Figs. 6 and 7).

(1) Run number : N-124
(2) Assumed parameter values:
Minimum Maximum Step Numbers
value value value of cases
MO X 10%kg 5 75 5 15
R 0.05 0.95 0.05 19
H1 kcal/kg 250 450 10 21
11 mg/kg 0.050 0.150 0.005 21
(3) Objective functions: our< =20 and c;p<=15
(4) Total numbers of simulated cases: 125,685
Suitable cases for the objective functions: 70
Suitable case ratio : 0.000557

B3R  ABHBREBEFROCAMY—F—5 (IP, HP) HA S BE—Ry 7 RETFVEEY
S a2V—v 3 VEBFREBTCBIT 237 A -5 —WHECHA Sl (FL0M-FE13KE
) 1 A7 —ABBOEMBMF L &89 X —F —DOWHHE &£ OBEF, @ 2Ty — X
DEE LBENERRNES L OBER

Table 3 Examples of pursuit method forward analysis using single-box-model numerical
simulator for the history data (IP and HP) from the Onuma geothermal power plant :
Initial parameter value combinations for Figs. 10 to 13 ; (A) Relations of digits of case
numbers to initial values of the parameters; (B) Relations of the analyzed case
numbers to the numbers of the output figures.

(A) MO R H1 Il

X 10%kg kcal/kg mg/kg

0 15 0.30 250 0.040 (Lower value)

1 60 0.90 450 0.120 (Higher value)
(B) e Case number +++--=+++ Fig. 10 Fig.11-  Fig.13

MO R H1 11 Fig. 12

1 0 0 0 0 * *

2 0 0 0 1

3 0 0 1 0 *

4 0 0 1 1

5 0 1 0 0

6 0 1 0 1 * b ¢

7 0 1 1 0 *

8 0 1 1 1

9 1 0 0 0

10 1 0 0 1 * *
11 1 0 1 0 * *
12 1 0 1 1

13 1 1 0 0

14 1 1 0 1 *
15 1 1 1 0

16 1 1 1 1 * *

* The case of this number is shown in the above figure(s).
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ot oup 2 E c BIEWEESK & Lo KE\HIE E X b
Y—F— 8 OBIE T TS T L& B IEERE
B BRan T A5 —FIEEsEDE 47—
A (B 3RBHE) 2OV TOIP, HP DRy
Talr—vaUER

Forward analysis results of Onuma history data
by the pursuit method program using o with
oup as objective functions: Simulated temporal
changes of IP and HP for four cases with varied
initial parameter value combinations (see Table
3).

AEbRWDOVT, 87 —ADEMEFEITREES MO0-R
FEBLIUCHI-IIFECE D TRELTE 13KA)
BLU (B) @R,

IO DERTIR, AP ITRNTOBEHEIMO L RIZ
DT L 4.2.2 OREERT OB EZIRIOEL Tw
3, —%, H1 k11 0EHMER, F 11K (B)IKRTA
OEFOEICRIG B EER 2 Off e H125& ML 11
BT 2 FAEN EBRECTITL, LaL, ZOBR
£ 2 EHBE o ORI, F L2HETREINDB LD
ChHHEERE S LEIENER o ORI/ 2Lk
A, IO b, LEOADEROFNFE LD

1.0 A
R
0-87 351
g 257 < o
51 H
®
0.6 3
e
b4
i
o
b4
0.4 3
$
Initial parameter ° 1
values:
0.2 MO = 60.0 xE8kg
R = 0.30
H1 = 250 kcal/kg
I1 = 0.120 mg/kg
0.0 T T T
0 20 40 60 80
MO xE8kg
0.16 ]B
I1
mg/kg
21
0.12 "5+
~
J 237
0.08 a51
Initial parameter
0.04 1 values:
MO = 60.0 xE8kg
R = 0.30
H1 = 250 kcal/kg
It = 0.120 mg/kg
0.00 L am— T
200 300 400
H1 kcal/kg
11 o+ owp B E - BIERBES L L7 KB e X b
J—F—% QBHE T 0 ST AT X B IERTTRS
R T A5 —FIHEES DY 1001 DHEIC
EITU T2 87 A —F —EHASEE{LDO MO-RF
ERFOS LU H1-11 FEEEG (RP0ESI
AT v 7TH)
Fig. 11 Forward analysis results of Onuma history data
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by the pursuit method program using o with
owp as objective functions: Pursuit trail for
more suitable combinations of parameter values
was projected on MO -R plane (A) and on
H1-I1 plane (B) (initial parameter value combi-
nation is 1001 ; step numbers are shown in the
figure).
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B2 ook - BIEMEHE L REMKE X b
V—F—5 DEMIE ST ST LT LB IEERR
R8T A=y —FIHMERAE DS 1001 OFE I
EFT LI T A=y aEeETHE>
oy oup DAL EREDHCEAT v TROHA
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Fig. 12 Forward analysis results of Onuma history data

by the pursuit method program using o with
oyp as objective functions: Changes of o1 and
owp along the pursuit trail for more suitable
combinations of parameter values (initial
parameter value combination is 1001; most
inclination changes were caused by step size
adjustments).

D, BLHERE N % BIE B o ¥R/ E A=y
(12D no. 237) MBELLTHEYTHE EEZOHN
5. DRI, 4.2.2 DRMEIC L 2 REHEICE —HL
T3,

7B, YIialv—vafELEHEEORRELOL
gz kg, EROAOESOFIGRE LR ERE T
ANEDREHES THEI2HITIREND L I opPIREIZH
DU oS 2 FBERE LTI, TEEOKE R 1974 &£
DIPOY S 2v—ya L EHEEDTF—E (38
H&E) HI1IEORS r HIEOHMz X /& Lk
BZEDFEVRKENLITH S,
DLEOBIREZERD £ LT, KBHRZBIT 56
FANHBITEBICHRD 5K, BT ANVY —B XU
KEDOCL L IDIFELFELE, 1976 F2F L LT 14
Blic IR T,

1.0 A
0.8+
0.6
0.4
0.2+
MO xE8kg
0.0 T —r— T T
0 20 40 60 80
0.16
I1 mg/kg B
0.12 1 E.E
0.08 1
0.04 1 J
H1 kcal/kg
0.00 T T
200 300 400 500
BISK o owe %X - BIEWIEES L Lo REHRE A b
Y —F— OB T ST A& D IREE
B 87 A— g —WIHERAEbE 8y — A (B3
BRI DOV THET LN T A= —BlAEE
Lo M 0-R FEEFOS & U H1-11 FHEEF
®B)
Fig. 13 Forward analysis results of Onuma history data
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by the pursuit method program using o with
owp as objective functions: Pursuit trails for
more suitable combinations of parameter values
were projected on MO-R plane (A) and on H1-T1
plane (B) (for eight cases of initial parameter

value combinations ; see Table 3).




MEAEFAR E LS

T Steam (no.3)

F3= 9.6 xE8 kg/y
*H3= 644 kcal/kg
*C3= 0 mg/kg
*I3= 0 mg/kg

895

Onuma, 1976

Artificial
Tracer Injection

AT= 500 kg

FP= 44.7 xE8 kg/y
HP= 215 kcal/kg
CP= 400 mg/kg
IP=0.295 mg/kg

 Reservoir Water (no.0)

 @*M0= 32.3 xE8 kg

Hot Water (no.2)

v

HO= 215 kcal/kg
CO0= 400 mg/kg
10=0.295 mg/kg

@~*r= 0.74

Deep Water (no.1)

F1= 18.7 xE8 kg/y
@~H1= 385 kcal/kg
©xc1= 259 mg/kg
@+11=0.086 mg/kg

F2= 35.1 xE8 kg/y

*H2= 97 kcal/kg

Cc2= 509 mg/kg

I2=0.376 mg/kg
>

* Assumed to
be constant

F: Flow rate

H: Specific enthalpy
C: Cl concentration
I: I concentration

AI: KI tracer amount

| @ Estimated by this stud}d

*M0: Mass of convecting reservoir water

*R: Recycling fraction of reinjected water
*H1: Specific enthalpy of deep water
*C1:

*I1:

Cl concentration of deep water

I concentration of deep water

UK LEHEAN)—F—FREIE—Ry 7 AEFAREY § 2 v —v g VIERITIC & o
THESI N RBHBOBARIZOVWTDY 7 08T A —5 —[BEORERAEE
Fig. 14 Optimum combinations of macro-parameter values for the Onuma hydrothermal

system estimated by single-box-model numerical simulation forward analyses

based on chemical history data.
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VIBATFRIC X AR E 2L TE 4 RiTRT.
LBl DRSS L U TR IZ 5 (1978) 08#EE L 72 M 0
B 2 EEEREZERZ, WEEARALZV—ED
BILEKDFES & VIR ICRA T 5 AFHEFED

FEEHEAIANZOIEF ICEE Ry 7 X2 TV EHER

Licl bbb eEZOND,

AZER - M (1987) PEETAED/ ST 2 —F —fEE
RELTHERE L MOER, SEOBRSCHEL TH
30%/E ., ZOREE LTI, BFOEZ SRR &
7o 72 1976 FELLFT O STHIME TR S Wi IrEE O
BEBSNE 5T Z ERRBL T AARERESE L, L
» L, BFRYOEREOEKOME R RRREOHE LR
F L TREREZSHENIC /NS W CLEBED 3 Wik
SBOEOBAMERFER L 1272012, BITOBES 9T
Bharo LR E L NS,
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Bk

REHBHARE OO THEN AN —F— S WEICE—-Ry 7 AT NEHER X 5

THES NIz 7 0/8T A — 5 —{HD L

Table 4

Comparisons of macro-parameter values estimated by single-box-model calculations

using chemical history data for the Onuma hydrothermal system.

Study report Ito et al. Matsubaya Kubota and Kubota Shigeno
and Kubota Matsubaya et al. et al.
(1978) (1987) (1987) (1989) (1992)
Applied data IP CP, HP 1P, HP 1P, HP 1P, HP
1975-1977 1970-1983? 1976-1983  1976-1983  1970-1987
MO X 10%kg 50-80 20 30 31 32.3
R — 0.71 0.70 0.70 0.74
(0.75)*!
H1 kcal/kg — —*2 —*2 230*2 385
(359) *3
Cl mg/kg — —xz — 275%2 259
11 mg/kg — — —*2 0.110*2 0.086

*1 §180(H,0) values of production fluids were used instead of CP.

*2 Assumed with the data obtained at the initial stage of the reservoir development.

*3Corrected value by simply imposing heat energy derived by cold sweep effect
estimated for recycling reinjected hot-water on deep essential water inflow.

—7%, 1976~1983 F & AT OXREIM & LU /-EH -4
A (1987), EEIED (1989) OFERIZ, RESNIE
FEEKIZ & 23—V F R4 —FNEOES 2 EH» S D
AFEEHADOZ Y ¥V E—RIETHIE, REHKSFOI
BE (1) 2BROTE ST XA —F —([EHBAHE ORE &
0BLHNDOERT—HL TS, KREREENTD LN
3112w TiE, EHE-BEAR987), EHIF(1989)
A 1970~1974 O DEKLERE £ AB R EEFHUK DM
TR LD T TIEENETL T 3 IrERERKD I
BE Q4 EQIPEAEO. 1lmg/kg) 22 DE L 118
EOREE (REE) Ll tnEnERTHS LE
z 5N, SEIOEFTHERE (0.086 mg/kg) 23IE L WEIZ X
DitwEBbhd, BB, SEOEITCL > TEoNnT:
11 ET W CHERIT 21T 218, BEH-AZEL(1987),
FEHIEL (1989) DD 8T X —F —HEMIZEIEL

T AN D B,
5.2 BRINFEEFOMBRE~DOHOLHIEE
BORE

SEDE—RY 7 AETNVERTE, F1RBIUE
2 MizRT & BRI ER OBk DB
BB DL TE, FERCEMLL TEE» 5 ORFIRO
KFHFNROPBA-BEDAEEZ TS, Tihbb, 2.2
GByTBRRe LS KEFEBTR B L CREOEEMS DI —

VR R A — 7R PRI EIR > & DEND G E RS 13
HWTEBZLRELT WS,

ZEMIED (1989) 13, AEHIBICE T 2R LY DI
BEREFOREREC—HMOEERKIR LIV ) HEE
b S RFEREDEE S 230°CEREL T, BY OB X
NE-DEBERZ IV E AL —-FOHFESER2EZTY
35, Lal, BERESNETERB LD b EE» S 7268
NEREORFENZEKDBE IR, HEEORELD D
BEDEWI ENTFEEINDS,

AF (1991) ZRAERNC A0 & B EL - BASE L 2Bk
B OWTa— VAL —FRET 38585 X —
Y—ETFTNVEEY S 2 V—yva VEHER{ToTED, H
BFREFROFRBRED 50 MWe, HIHEOH— 2 g EE
B2 300°C, &EREEPEEHMTETL LBUKDBED
100°C, ZITHBE & A BEHFE OBERED 1 km, BIEREDS 1
km*DHFE R, EEFCBT 2HKOEBEIECEEST
LR TETETLHRD, ZOBRRABIETLTTLC
EERLTWS, KBHEFRER (10 MWe) T, BT
ENTFERE (215~220°C) oW TRTHER & £EH
O DOEHED 500 m F2E, WiEMESS 700 mX 700 m 2
EThHY, EEFCBITIEKEEORKEEZONT
BLEEOETFNMCETL VS 2 v — g VEMEHEI
BIREHATE2EE LN, KEHIBRICB T 2 EER

— 589 —




HMEREFMARFBIE 95

KOTEE L BITEKOTZLMRIC & 2 WEBEKORS
U CEER 5 OERI T AROTRARIKET LE, Lk
SROEEFCBIT 2BKOBEETELVRESRET S
ThH55, LrL, KB TIZEIHIIRIND LD
WIS EMDEREL A MY — (BHIZ, 1989) 2@EUT
EEHCBITIHADELWEEETREEASA T
VW, ZDZ kiR, KBHIROBEF S Nz EROBUK
NOBOT 7 ua BB E LT, 2V PR =7
R L D B HTER» & LR L TL 2RESKDESD
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B, FRLUXS e KBHROBEFR I W-iFERET
I EFRARDERE > TRITBKOER & & bl
SEBHTARBSHEAL TB YD, HTER»SDRER
ERERRIC & - TIHFEET ORKDBREDHERF SN T
WBEWIBIOTREEDEZ HSNB, UL, KB
OV TG 28 Ul Fifh s & VB EE I HE L
THREFFHITTEICB T 2RE - B - k%o
EENI/NRETH Y (BEIED, 1989, £ 1M, H2X
£R), BIF MK D BHARRE R B 1T 2 HFEADETTH /)
EdolEFEZ >N 2 VIEEORE X 230°CRRE @
Expolel s, LEOELR» > OREE LIRS
BMREBEET % L) R REL L HF S 3,

5.3 KB HKR RS

B 14 BT s & 50T, KBTS CHEE & NI RIBHIR
TH% - A s h T 2 #HEITE B h OB E
MO 3% 32X 10°kg TH 5., KBHERERICBU 5F
B2 1 ER OB E OREERK 40X 10%kg X Z
DB L, 1970 £ 5 1987 E DO OMBTAE DIRE
EEEN 680X 10%kg (55 8 UEMR) k% D 20 fELA Rz S
3, ZOEIBRZBEOEEIC L - TEL 5 HBITEE
S DOWAEEEOTRH T DOWTIE, 1 22%DEERKDSR
HNANDHHESED 21D AHLBAKOHTRT R=
0.74) T X > T 58% R IN TV B ITEE RV,
g7z, THALF—DEELIZDOVTH, 5.2 THRRIZLS1IZ
TRZEBRSK (J97°C) OHTETL L ZhIfE> EA
DO -V NAAL =T BEEI L > TS amEriR
ThhTwhnwiEZz o, TR b 53 1970
FEp s 1987 EOM OB RO EEEE Z DL v Y
NE— (B3NSR LPFEHKCRELTRE I E»S,
RBHUIR DO FAFE & N7 BT B OBEIRERE N TER 1 E
ENTEY,FHFS Wi B U OB O £ -
BRI A2AERLBI ALY —OEERE> XS
HEOEBHAEHEL TS LIEES NS,

TREF AR (1981 a, 1981b, 1982, 1987), Shigeno and
Abe (1983) 1%, ABHUSEL OMERE, KA

Z T AR OER A S & CHEF > & DBk {(EE
BEONa-CIHETIEEOEE I CEVB/CleEVEE
RTZEWEBL, FWBKEERTAZTE UTCHT
B & THAHRROFREEN KA TS LHEEL L,
$inb b, I N-S RO LR OERLR I AL
BLTEDHTEHICE TERENECIERN A
L, RERENAIES 2 B\ULOEBRKILTH 2 IEFE
B & OTKEBEIL KILEERD~ 7 <0 55 DERIRER
BHNEE 2 T, EREREKENLBR S BB O -
HFAERORMA L R ORBTEERAE (REESED
TREEESUARERD 2) i RBERN 2B E =
WHEEZELTWD EWSFRTH B,

FRU7-HEY £ 2 v~ 3 VIBERE TRINIZKR
B DBIFE & 17T 1000~1800 m L~V D HTHE B
PODEEH L TRAT AEEHAKOBTERE
(0.42) &, HTEECRFHTEENFHEEL TS L
W FERETFNVERMNTH S, ki, SEOEITHKE
L TREANTRFEBORDE ClLEE, Bt =5V v/
EROPTRICEER 0w pH MY 2 EHTEH 3
B B/CLEL (BBHIZ 2, 1989) &3, bl L /- AJEAVES
B EBEARERTKETT L U TaER ONERE
Wk DEROE - PEROEBRRBEEREETCESL
HKELTWRLLISELHTEXRELTWS, B, A%
7.l (1987) 13, KEHBROBKREZ [E0 8]
Th5 LD RETH T ES W HBEGE O EEHRB B 2
EWSEZRFERLTVS,
RBHIBOPEF# 1.5 km 12 B2 U B TEam s
DEEAIE T 2 B MR B> T i, 1992 FIHAR
B OYPEH] & EHFEERIED S TwB a8, BHKD
B OBKIZKBEHBEDOL O L L CREN LV E
< (BEE300°C k), ARE O®WwB/ClE VI
(0.2~1.0) 2RT T EDEMICIN TS GRFED,
1986 ; Ueda et al., 1991), 2D T & &, BFHIE S (1987)
LI L T2 & 5 128 | H iz o T b AEHIS & 7
RRICER O - AR OER OB HERERESET AR
HZIFEENFEL TO3HEESEwERbh S, &
B, BIIHEIIEXILTH 2 BEBEL OILEAEFE I
fIELTHY, MECERMAoNCERERROFAEL T
W3 (RFHIF S, 1986 ; Maki et al., 1988 ; A7, 1990)
25, THIRNEE L 2 EIROEVWIEHEY 0540 &
&bz, Ueda et al (1991) 2RUL T3 & 5 CKEHEE
KIS O= 7= o ERLUTL 2BETBED
< S RBBEFEDNEALTW A Z L BERTH S LE 2
>h5, .

)1 |- KB H O T O JRERA 5 FEAEEE 1 N-S J51E
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B HIMEIR T T A V¥ — « BERIHAS TSRS
& 0 #EEl & 4172 SN-7 D F (BRER 2500 m, FHE=FREO
TEREEEEE) (FEIEh, 1989) TIX, MHEE (EH
BEBREFER) L DA 3 kmPll - OAHE L BT E
DEELHEE I N TS (AFIEH, 1989 ; AF, 1990).
IS DRI, EBRULKE - BIIMHER O# T3S
OHEEFEEI~ 7 O I1E ST ERH L Tw5s 2
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6. 8 Y IC

SE, MAFRBEHRMROBKRCHET 2Ry 7 X%
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FRALEESKOH TEILMTON TV AHEITFEER
X OHITEE» S b 76 8N RFEWAEICET 5 4~5
o< aigNIA—F—fER{tFEHNRE=FY) VT
F—ERFIA LU TEBICRY 2 5%k (B, B
BidE) BRREL, N—YVIFrarva—F—iZksHK
REEY S 2 v—F — 2R LI EEHENERAO 0
T ABREFE L, WRIZ, 2O7ur I A2RRALTK
BB CB I 2 £E-BLREDOE X M) —F—
§ RN, FICAA ZROBELBRERT AL
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FER & D SR OBEUK A MEE IR O EIRETM W B>
Tk, B ENEREEZ 2055 WITHERREE

BEEZ2D, TRbbHTERBEEBCBITIH LK
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DS & REFRARAR & OBIFRCHEE - [BT
B, BEHTAEA, BEENAEOFSZICOVWTDE
FNADRAAR, (2)HEETEE 8 ORI B
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T, 2.4 TR LS CREFEFCHERESNIZRET T
fEEILC w2, Lal, EEROBRIEEE2EZNE, &
BIEFR 7N D) R ADEE « REZRES L & HIFHED
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