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Operation and Reservoir Management of the
Matsukawa Geothermal Power Station

by

Mineyuki HANANO, Koichi KOTANAKA,
and Takashi OHYAMA

Abstract:  This paper reports operation and reservoir managemant of the Matsukawa
geothermal power plant. This includes a summary of the production records of the power
plant and well head data of all the wells, a review of the results of physical and chemical re-
servoir monitoring, and a discussion on current issues for stable operation of the power plant.

The Matsukawa geothermal power station has a vapor dominated geothermal reservoir
which fas been the only extensive one found in Japan. The first ever geothermal power genera-
tion in Japan was started in Matsukawa in October 1966 by Japan Metals and Chemicals Co.,
Ltd., Power generation at Matsukawa has been continued successfully for more than twenty-
two years. The present output is 22 MW with 10 production wells. Cumulative electric energy
produced, an averge output and the utilization factor over twenty-two years are 3.53 X10°MWh,
19.6MW and 86 percent respectively.

Water level monitoring and pressure build-up test have been conducted as a physical re-
servoir monitoring. From the water level monitoring at a well T-22 which is located at the
center of the production area, an approximate average of decrease of the reservoir pressure
during the last few years was 0.2 bar per year, which is very small. From the most recent pres-
sure build-up test, shut-in pressure there is higher in south-west of the production area and
there is a steep pressure gradient from south-west to north-east. This suggests that there is a
lateral steam flow from south-west to north-east in the reservoir and most of steam currently
produced is supplied from south-west. M-7 which has the highest shut-in pressure and is one
of the most south-western wells, produces the most steam and its rate of decrease over eighteen
years is less than 1 t/'h per year. These facts suggest that the Matsukawa geothermal reservoir
still has enough potential to maintain its rated output, 22 MW.

From the chemical reservoir monitoring, steam produced at southwestern wells are richer
chemically in old meteoric water, and poorer in younger meteoric water and volcanic gas com-
pared with northwestern wells. It suggests that the chemistry of the steam is controlled by
local pressure balance.

Most of the steam currently produced at Matsukawa is dry superheated steam. Recently,
the degree of superheat has become higher especially at north-eastern wells. Thus, re-inje-
ction of condensate is planned to support reservoir pressure and to maintain stable steam pro-
duction. A small scale experiment has been conducted since March 1988, to assess its effect on
steam production.
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61 22,000 | 22,000 | 8,094 153,299,200 22500 | 94.0 | 7.8 | 7.0 | 795
62 22,000 | 22,000 | 8,309 185,234,000 22,500 | 956 | 94.0 | 5.8 | 96.1
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BRSLI IVIHNABSTA b oo fobE, +EE
BOEBRAIHEEL 12D TH B, D, Blics
WTHEHEMICERBS hTW A FABYERSHoE =5 )
v 73 T-22, T-230MF BT BKMBROATH 5,
L LEEhsd, Boliciiy, BKEILROBHRNOES
DLERERET B Ly Y+ —ELFNT 9 7T R MHBR
B O EH SRR SN T B K H K- 1,

a. JKEIOEEREZEL

T-22, T-23Wic & iF 5 KA DERZE(L % B21IR
T T-223DiKALIZ, ZEEH 300m i< BiF 5 EHEAIC
SHE LTV A, HEFIS3%E I EM L /- BRIGHAM and
MORROW (1977) EF LA Ly v 7 EFNICE
BeER MY —=yFrIERICRY, FEBEADEL
KESHIBLTWA EZEZ ohTWE (BEHELAET

% RARERD, COS v EFNMC X BB, B
FO534E A & HHFI634E & TOKME/LEHIFEICTFRIL TV
5, YHIKOFHEBER, RROBENGLOAHTESH
300m LIRICBUKDOXMBRMBEEL TWB LEZ 5N 5,
T-2HOBRIL TCVWE3EER I ORNKEOTEBIcH
LEZOND, COKYD, T-R2HRIFEBROENE
{bic k< HIGLTWBE b DEELZ SN B, H21&D,
CHED T-22HD/KAET i34 1.8m year TH D,
HFRBESDOETE, 0.2kg/cm?year ICiifc 1 WiE
BONSBEDTHBEEL 5,

PAIHBRER O & 5 SRS SRBOMBATRBIcH
ERTEEDA =X slE, BEEL AN BHEKE
ERBRECERNUBLEIOLNTVE, THDLD, RIE
BAOHBBATRERELE757F + —HNERKZD
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WATER LEVEL (m)
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E21 #)ieEOK BRI
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RUN DATE STANDING TIME (hrs) | WATER LEVEL(m)
A Jan. 5, 1964 8 147
B Jan. 6, 1964 26.5 110
C [Jan. 7, 1964 39.2 95
D {Jan. 8, 1964 73.2 9]
E Jan. 9, 1964 107 85
F Jan. 11, 1964 147 77
G Jan. 12 1964 167 5

R22(a) M-1#OEEEERERER (&K - @, 1968)
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ABFEHL, BKIEETILH > TREAETFHLEL,
—%, RI[OEEEVERPOBKIERL, RIE
{#t#4 5 (TRUESDELL and WHITE, 1973), T D1
HEFERIC BT 32z, <7 oica B & kEfIR
BETT3ETHEITL, FEBASERKEISESC &
TROHEREOR>BVERME O LD ENOET I38RF
iTi3% 57w (BRIGHAM and MORROW, 1977), —
HREOE >EVWESHE > W T, #iZid GRANT
et al. (1982, p. 50) KRS TV 3B,
T-22HDOKAET HER2ID & 5 IEPHTH B0,
FE LT BT HREOR>EVWEREIC L

i Vol. 26 No. 2 (Ser. 107)

bDEEZOND, T-2HDOKAETHIZEALER L
(21 D, T-BHBEEHE,SBATVWE I L L,
H3icaoh3BASRRMNLe~VOBHEELTVS
1B THA9, CDLHLKBELENLEL e ~NVIR,
WHITE et al. (1971) BTV 2 &I i, BKER
R BETREEIC & » TRAFHH S OFEEOFHAZHIRS
LIHIKEETH 5,

D&, YHKITBIFBKMOETREIEESLH»
THy, OERRYDOMERL bDLEELLGNTVS,

b. BHRBEHON
ETEBBOFFB B\ T}, FEBOE{Lik<”

TEMPERATURE (°C)

0 50 100 150 200 250
0 | | i I i
200 1
400 (— 1
£
ool
=
o,
23]
a
600 — -
800 |- -
1000 |~ ]
1200 | | { 1 |
RUN DATE STANDING TIME(hrs) | WATER LEVEL(m)
A July, 21, 1964 27.3 -
B | July. 22, 1964 46.8 -
C [July. 23, 1964 70.8 93
D |July. 25, 1964 119 -
E July. 27, 1964 167 77
F July. 29, 1964 214 61

E22(b) M-2#OEREEEREER (&K - B4, 1968)
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oS B EKBFRMSET 3 2 CTET LEAOET
BBBREICE S ETREPHTH S, LL, 17
oD ANEERSEEROS VBRI EDEVWERE TR
EWBBENTL 3, COBHRRRSLFLVOP F - HTAH—
ATCHREBICEICEBAONTE Y, RIEEOEDT S
R 2l & L TENHSREFNITET 3 58T
iIcadh T3 (CELATI et al., 1977 ; LIPMAN et al.,
1978), T oORAER, FRTEL > HEEHZ
EAEE LTERL, £ 0% kERAYL IO OB,
HEFOFHANODEN LA 2BRT A vy Yy — L
F7v Z7FAMCEDIThATWS,

85

WIHESEER TR C i &5 B TOEHS
HOHEBRERTLOATWER 7, LL, Bllici-
THEHOFHEROEN LRERMETE2 Ly Y+ —F
WET 7572 FBHGBHICITON S & S 3Bk
EVWERSBOLATVWS, ZOBERO—Hico>WVTH,
HANANO et al.(1988), HANANO and SAKAGAWA
(1989) ik pMLEIhTWEY, BEARETRO K
I B,

1) MtSolRBES (FEHAES) o maf
KBVWTEL, @Elas» SItEICHD > 2B ENFES
BT 3, COENARIE, SHROFEEFAICE Y

TEMPERATURE (°C)
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RUN DATE STANDING TIME(hrs) | WATER LEVEL(m)
A Dec. 30, 1964 79.2 25
B Jan., 6, 1965 253 -
C Jan. 10, 1965 350 -
D Jan. 18, 1965 541

222(c) M-3#OEREEEREER (EK - B,

1968)
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K23 M-7THOEHLEN K7 v TEEHOD Miller-Dyes-Hutchinson 70w b (HANANO et al., 1988)

TEEED SILRIEDL > TRIHHEB L TVWE I L ESH
ShlTWV3, IO, KB WTHAELESQ
TLBRRKDI LA L, HIROREREAFL VBN T
W3EEZI LN,

2) WHHic B A EKDOEE IR OBEERIC BV
THEV, DY, TITHONWENNHR, 517
VoY - A4 - @RS, HARMBROAHD S
DEJIOPB I EEBIN TV, THhbb, KD
HADEOEERANCBVWTENRE FEERLEL
POZOREDIEL (HI1~2028), —F4, KO
#HRRoLRIVWEEZ Sh3, FiotiRodtEfiTid, F
TTREL THREER DL LHZ20ORELS Y (H11
~088), Cold, SHIBOFHBRIBAMREL T
W B HIE DRFFE A RN LS » T W B ATHeE A3 3,

3 ENFTy 7FRINBRBIIEANLERDES
B, M-THOL I KHBE A SHEENE 360
(H2) &2 HTRVHDONDH 5, FMHMERLES LI
WhiiHotdicid, SIHAED 7 57 F » — B EL
BHElsh, BERBTREERREVSRL TV S &
EZo0nh3b5D b3 % (HANANO and SAKAGAWA,
1989, %/, E23TRIM-THOELFT v 7ORERIZ
1,600ata? (1,536bar?) DO & MMEE L8N 2,
Zhid, RERVHOEALFT v FEBICHEOEHERT
b0, IHNT LR ZTOAHCBI 3RIOEHOLE
THBEEZ5NTWV3S (STROBEL, 1976),

L& i, HHRIcBY 3HEOENSHIR, S0
FLroaPF - FAF—RERDPIRO R - EEERL

T3, BIMBREHRICBIIROFLOELFT
77 A b IRIEM63EIR IcEREEshic, £ D0BEL N
BAFAE/IONH2EU4ICTT, COR»S, Lok
NcEEAES SR AL D EHAROELEE I - &0 &
TAWB I ENTE D, 58, CONTIR, EIOBE
BRHINTHB0T, RASOESORVICHES EHOR
EREREL THEW,

WHITE et al. (1971) dBRXTW3 &k 3 i, KEE
EHEL e~ ik, RREBBHBREICE > TRA
FooDHREOHEALRFIRT 2 HIcEETH 5, bidt
HERER S IC LD, MHRomAl, ERREASE
EDHHBIZL s NVENTWB I ENHSHICH > TY
55 (A3, #hlADHEICEIF B L e NI
PERMT L SBAREICIE s TW o7z, SEIOELV KT &
77 R MERICE AL, SR odtflRE i BRI E A
RIS OB DEWETH 5 T EBHS M-
o (B24) ChooFENR, FAERBOEE (#1800
m » 5 1,300m) ixtiEd 28KkEES ($370kg /cm?
2 5120kg,/cm?) ICHN, BHLREVMETH 3, 0
CEo, YHIBRORHEGKEBENICATL o A
NTVWBEIERIASLTHE, TOLe~VF, HTL
SEAGBKRPERKOEHE TH 2 4EIRE L, PRUESS
(1985) I L TWAB LD, A707 50 F v — MR
ELTVWROWATABZASEREEATVWS, BER
B "m’ BEOELA< Y 7 2THhhd+HE0%E
2RI LBbDEELIONS, COBEOBERI, o
T OFERHAEHAR L B EBRICBIILMTE B,
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LEGEND

. VERTICAL WELL

e— DIRECTIONAL WELL
———30 ISOBAR (bar)

O 19 MEASURED PRESSURE (bar)

O @19 ESTIMATED PRESSURE (bar)

24 BBFI63FI08 ICH T3 OTEEBADOEHIH

CDX3iT, WIHBOEASHIEERBOL R
flofgTcEVE VS ORI SBE oMK E 132 R
RARHMER->TV5, T/, HEOREANAIEL,
ROEEROZ WV M-THORKAEROET 3184
O THEM 1t/ h LT EFRE DT (H16), Th
5D &, YHIROFRE ORI STEDOH
NEMFET B LDREETABRNE”R->TVWE T L%
RLTV3E, ThoDERD S, NERSESBREMHET
5o OEMAZHEHIT 25[E&D, ¥ -4 v b 2RHT
SEEICH L TELK OFL BN E, DX,
AT ERIMEMIR I B A ENAHOHELED S, KK
DHEELREET 55X TEHELEHEBLIEMTE 3,

(2 {e¥p%E)

AEIEBMOHIRIc B W TRYBEALSEEOL KL S
FTIFENECREIEETH 3, 347 LvallETlRE
K HhSDF— 9 BEHENTED, D' AMORE and
TRUESDELL (1979) X & DB 1-HFHHH 3, I
BOTHE K DILENFHESITDOIhTE Y, 518 (1967,
H5F (1968), YOSHIDA (1984) B &ickvHEShT
W5, TCTI3, YOSHIDA and ISHIZAKI (1988) ic
Eo&zolEEER~NE,

1) RINOEEHI, FHEBEL TORKAOLFSE
Koo, HUSORBICHIES 5 M-1b, N3,93 &, 20
ftohiFHD 2 Fv— Fic3FEE 5, $4b5, M-1b,
N3,9 # i3 Total Gas D% <, fioRHF TRV L

Ve &7, M-1b, N3,9 Hixfthosiftic kX, CO,
NH; #%<, HiBOs D7 (RS < M,
D’AMORE and TRUESDELL (1979) ®3 55/ 70—
EFNMICENE, KBS TR SILBICED - T
EIMBEHL TV B EERLTEY, KicB~ESN
SHOKRE LTI 3, Lrl, Thid, YiEo
FAPRHILIAN I RS HHE AR W L4 BH%T 2 b Tk
13<, FERRRILA DERSHHA T O RS HBLREES S RErEHR
CHARDBOEVSDOTHEILET®RL TR EEL
5%, D’AMORE and TRUESDELL (1979) ©® 5 ¥
70— FNVEEARFOKHEBNICELT 3 HRRK
oW TN DT H B4, BARLIZICH UhfmE
i @A TE 3 (HANANO and SAKAGAWA, 1989),
2) #RERSEOBEXTIEIRIZ, M-1b, N3,9H#Tit
MXEIC CO: B2 <, HS v, i, oL
HTiE, CO D, HiS BBV, T, NHy ®
HiBOs K 2W T HHDBVWAB SN B, THbE, M-
1b, N3,9 Hid, NH; 45 30ppm Pl L& %<, HsBO:H
bppm LT &I, L L, fidyidis, NH; 5510
ppm LT &D7 <, HBOss 10ppm BLE&EB W,

3) HEIhBEKII Oxygen shift* LTy, #

* Oxygen Shift: KEHKT 28K L, sHDLOERTOY
1 BUEHY S 5\ BIRBIES Y ORE & HFE LR #]K
BERCT T EIRL T, KOBERLL A TO ML
DHELUMBT L,
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%5 WIMKCHTIEEESIOMLSHEB (YOSHIDA and ISHIZAKI, 1988)
Gas concentration in steam (by volume)
Total gas| H:S | CO: H: N; { CHs | Ar He | NH; | H3BOs
Well Date % | ppm| ppm | ppm | ppm | ppm | ppb | ppb | ppm| ppm
M-1b 4,16, 1988 1.01 495 | 9290 19.0 | 184 109 1760 | 38.8 4.5 0.6
M-2 3,17, 1988 0.32 435| 2660 | 46.9| 36.9| 21.3| 463| 5.28| 10.0 19.3
M-N3 3,17, 1988 0.96 701| 8700| 68.5| 80.9| 51.5| 681| 16.1 | 35.0 5.1
M-5 4,16, 1988 0.24 358 | 1950 | 33.8| 39.1| 20.3| 455| 5.52| 2.5 5.7
M-6 4,16, 1988 0.38 543 | 3140| 39.4| 54.9| 22.8| 665| 10.2 6.6 22.2
M-7 4,16, 1988 0.19 382 | 1430| 39.6| 29.6| 16.0| 344| 5.64| 5.9 32.2
M-8 4,16, 1988 0.43 688 | 3500| 32.3| 49.7} 29.3| 556 | 9.391 7.0 12.7
M-9 317, 1988 1.13 644 | 10500 | 103 53.6| 46.4| 589 | 7.12| 30.2 5.6
M-10 4,16, 1988 1.11 {2230 | 8760| 24.1] 61.8| 24.1| 940| 6.66| 1.2 0.1
M-11 3,5, 1988 0.24 415| 1880| 49.9| 43.2| 14.3| 566 | 5.29| 5.1 25.8
Total gas : Gases other than water vapor.

EhkEEEEZOND, 1, Y FULWCRKRER
Brfk» 5, M-1b, N3,9Hic & h B O L L& KE
FOESHBALTVEIDTREIVWSLEEZ SN S,

4) He/Arlit& No/Ar HOBFES» 5, M-1b, N3,
IHTKILY RDOEENKEV, LhL, KUFTRDE
BHARKEVW ERMBTLSKLTROBBOBE VI &%
BEHRLTE5T, HEShZEIAETRYT 3, HVHER
KEFROFEZE KLHT ROBAICEVT, KILFZADE
HEBBVWIEILEBEELLN B,

5) WIMBFEBFRICBVTEEINL TV EIERE,
KL 2, HOHBRKEROE K LEHIE L witE
KEBROELD 3SEHORATHRIATVLE, b
DRAE IR, BURENEEBRNOEND/ YT v RiC
HHxhTW3, THbL, RROFELSHERRICAL
BRI OYiH TRl WIIFRKRFERORIS S £ ES
BBV, TOR®H, KL 2P HEYIH L WithRKER
DEK[IRIDITV, LA, RIROTELHBHEL SBE
nTWw3 M-1b, N3, 9H TR, HLHIRKEFRORS
ORHBIZDII CDHDEABEY, ZD®H, KLA
ZDOEBMAEL MY, T, HENFLOHRKZHE
DEZDE|EBATIh TV S,

o kS, WK BT 3 EIOLEEK TS
fE oW ENEE) & FHELARY D 5, - T, HEBEOD
Y - {LFHEE L BRGENICHEET 3 L RFBEER
27O LTHEICEETH 3,

4. REFEGERLOMES L ZORK

BIEM ) [HIBREBH TIE, 22MW ORBEHNEH &
gExhtwa, Lol, REEMEET 2 LTcoR@ERR
DLW, TD1es, REMEFITOh TV BRI

ZONEEHCELEMNS B, TR, EEREEHLH
B> TVWBAIZOWVWT, FOBELXRELRRS,

(1) HROARIL

PN BOWTHAEEh TV 3ESE. BRLEIE
HKB LD OB VEZTHEMH D - 1A, HER
—HWOHHEREIBHAREOKZIERKZTH 3, LhL,
AR, #iciBotBEicE T ahiHicB Tl ORK
SOBANEATHE (FI1~20), TD/H, FHB
DHUBEEALIR Y —E Vv ~DRr— W iBIEX 3%
BAEBRLKTAER SR> TEL, TOXMEKEL
T, EREPCEKEEETSHELABRDTH S
B, EESEHEANEMELLCEIRH S, BA
B IRBITIRIE S5V,

SAFLODF - H4¥— 2BV T b EBRZSHEED
HELTWSE, TDD, SAFLaRyf - HFA¥F-2
T, FEBHOSLICBI W B0 RIS EINE
ESEEBLPHEBEHO#FE2HNE LT, RER
TRET HEFKOHTRILSITbh TS (FIAE
CHASTEEN, 1975 ; BERTRAMI et al., 1985), C @
BKkOBTR, RREEROBEEENT 50I1#
Mo-TED, ¥ HAH¥—XTlR, T THI8RTH >
RESOERERY, BUHBLEBRIN6KICHES D
rEFbbBsLEDTETHS (UNOCAL #, FAE),
%7, SAFLOTR, RRCEET 2LERME%EH
Wi br—%—FR ML, BrEhikosskilt
HEGELTERS A TVWE I EMHASHICE > TS
(BERTRAMI et al., 1985), & DRITITfE > KA
DA H=Xxid, CALORE et al. (1986) ickb¥ 3=
L—va YRtk DL DIcE TV B,

COETSRYT AL S iR, BRASTbh G




June (1989)

FOBEBRHHNEETHY, KT LLTXTOBRHT
BT 20 TRIEV, —RIKVWDATWERD D
DEEE, 1) FEEASTSBRALTWECE, 2) &
TOKBEBE THRT L TRRT 37-00Hh HAREL
TWBIE, THy, BELLWERTHE L ToREE,
) 74— FRAV I DPHEEEEIVEVCE, 9) £FE
HpSu[fEPRY EWI & TH B (CHASTEEN, 1975 :
BERTRAMI et al., 1985 : CALORE et al., 1986),
BTOEER L E Uh % 1 BE VBT b h-BA T,
BITAKSER~ET T2 0% FALICHEST 28413,
TR BERESEGTET, Bk z0F FEKT S
EiBYhREY, TO&SUIEE, BHT 5ETK
i, BRPETHh 3TLKED 7 SO, B D B 34
KEbLbrhY, EEEELEASHEICL D hRE
Vo
BREINIKOEHEZTERT 5 C & BBKSREFT
BOBARKEOOTEETSH %, €07/, #MKkSE
BRUOBEARE N L —%—7 X M BSfTbh 3, EKE
BRI OB I BKEA & IR D ABMIC L —t—
EHEATHIERHFTVITHLOAY, BokicdEhsX
ROEERIMEMSHVONS T EHBE W (NUTI et al.,
1981 ; D’ AMORE et al., 1987), COEH®D 123,
ANABHIE b L=y — & LTHBEREAEDN, 1) FHEEC
RELBWI E, 2) KERILEIGTERT B L, 3)
YTV INBETHDHIE, 4) DREBEMETH 3
2&,8) Ny 2 rS5y v FENtAEVWAE LG ED
THBIL, THEHM, IOoDRHLHBENERET 2
b L L TR, KEBRT 3KkFEORMIGTHE LY F
gA CH) $/R@YVav7)oa CH) A @YD
OBV ETHB (GULATI et al., 1978), &
1>08HE, Y FYLARBMHUFERE TS 51-0%
SHICRIESSD, Va2 FUvsaRL—H%—LLT
ARERICHVWL DI RIEMBEL L TH B, BB, K
2RBRT ABFZORMGR, PHARETEBEE TS 3
260°CHij# TR ARR ORINESF IS K & W i DRITE
EMKEEIELVED 3,
RIBRREEFRICBEV TS, FRBOBR(LIcXT 3
BAMIERE LT DKoM TRITOSEENTE
D, FLERBRI K I IKMR-1 HicBWTERMST
bhTwa, COXRIIMMEIEI ALIET 0, 10t
/h 5% 30t/ h OEKEKMBBITE Nz, HE, O
KB 3RBEOYE - L5 — 5 2 NEDTH B, $1,
BTKOWKE ERRERINT 2120, 3RTY T vHo
YF4 Yy FEFNICEEYIaL—va VIFLE
it OoNTWVWSE, ThoDERIISVLWTRVWTFENH
ETIHABHEbDEELT VS,
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