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Success of the First Commercial Scale Geothermal Power
Development in Japan; Matsukawa Geothermal Power Station

by Mineyuki HANANO?
a. Japan Metals & Chemicals, Co., Ltd. (Corresponding author, E-mail: hananom@jmec.co.jp)

The Matsukawa geothermal power station has been in commercial operation since 1966. Its geothermal
reservoir was discovered by chance, by drilling of hot spring wells by the local administration in 1952. Japan
Metals & Chemicals (JMC) noticed this phenomenon and started exploration for a geothermal power development
in 1956. Then, IMC and Geological Survey of Japan (GSJ) started collaborative study in 1958.

The biggest technical challenge for success in Matsukawa was a decision of drilling target depth for steam
production and a casing shoe depth to stop in-flow of shallow cold water. It was examined through measurements
of water levels in three exploration wells, borehole temperature profiles and flow rates of rivers. Geological and
geophysical studies by GSJ helped this study. Owing to this study, the 1% production well succeeded to produce dry
steam in 1964 and led to a success in the first commercial scale geothermal power development in Japan.

KEY WORDS: Geothermal Power Generation, Geothermal Well, Geothermal Reservoir, Vapor-Dominated,
Matsukawa
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Table 1 Milestones in geothermal development at Matsukawa (modified from Hanano, 2003(’) ).
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Fig.2 Electric power generation history of the Matsukawa geothermal power station™ .
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Fig.4 Location of wells in Matsukawa in 1968 2 Fig.5 Location of wells in Matsukawa in 20029
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Fig.7 Locations of hot-spring wells and “caldera wall” (modified from Mori, 1967").
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Table 2 Total depths and casing shoe depths of exploration wells.

AEH | WHIRE | BEKRE
AR-1 350m 150m
BR-1 425m 200m
BR-2 571m 330m

Table 3 Historical changes of names of production wells in Matsukawa.
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Fig.17 Conceptual geothermal model by Nakamura?.
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ZEmD, wIVWEY BET LV RGOSR (KK -
BUKOEAER) bEDTEZTNZLE S Th 5,
4.2 HEREOKEHEORET
AEFESFEOIREI R BT BT O BER DT DG LT Y & LT
BZTDUEND o1, O, MBS (KRERE) OXit
PEICOWTHBIARD bz, ZOREHE, HEFREERTORIE
Bt & o Tirbitz, SEARICIIE L= (R th o B & ok
®, ZORITHEFEREZE25 L0 THY, BREIEICES b0
LEERD, FOMTIHREOTHED VWD Mt & AR
72 NWEE 2D, TOEZHIE, BEANLR TS kS
Bigh, MEADOEZICHES LD ThHo7 19,
CEP, v S~ WE D AR 2km OB ERE L, JHEEOME &
DIRHEE 100K 1Tt L7228 (6.9 X 10181 23 hlitl AT RE & % % 7=,
ERE L RB T2 QRS ROBEIL 8.4 X 1000 TH D,
Bt T, EFES 4 A CHIE A fkEE TRE 22 ERUE 2 X 10!, £
1 A EHEE ST,
BAETIE, WFRBICIEET 20— O H L C& 202
ERDho TSI, EINERSHEEEALTNER 20,

B2y http://doi.org/10.2473/journalofmmij.133.214



Vol.133, No.9, 2017

HAROREHUSHEFE R OB S At (F2) 1 [HBREAE T )

A O RY
IS A2

;Zv IS T23 Y
A R 4
VN v v
&%

~
~ o\
&

:
v v v
vV v v

A AN v

v v

v v

W-saponite; M-montmorillonite; K-kaolin; A-alunite; P-pyrophyllite; 1-investigational well;
2-productive well; 3—natural hot spring

Fig.19 Distribution of hydrothermal alteration in Matsukawa?2),

)

Fig.20 Locations of power station, production wells and hotels (Aerial photo by Google).

LEFIPIOTHOZ ETHY, TZETEZDIENTE o1
DIIRTe 2N £ EE 2 X D, USGS @ Nathenson (2 XK - T
FUER WO CTEFE SNV TATI S N=D1%, )10 EiEER G
N 9FERD 1975 FD = LT 5 D,

4-3 EEFHAEOEEM

BULE O iR C I B O A-CIE LI I 2 & 5k S
U, WIWBE RS H R A IC B W TR T IThL TV 5, =N
I OEE I RBATRIR I X 2 BVERHR L \CRA N A E -
Frh, BanbORE TR N2 LD, GIHIOBHRE
H SR FH I E A A S BRI CAR S 5 T2 &0y 9 DI Tz
Lo THD,

LU, HUHFRAENHEA T, ZRKAPENE DGR EiR TR
SNDOEEGM THDHIA BT 4 T4 NPRFEACHEBLT 2 Z &
MBHBMNZ2Y, @i T TR SN D EEIYOs A1 A &
TR L5 2 EBRRL IR 2

—J7, HMiEOBEHERHEREENS, W OYIH BRI O 5
A v 7 4 74 NOBEKRZFEENH D Z ENMBATNE

@ http://doi.org/10.2473/journalofmmij.133.214

(Fig. 19) 22, %4, ZOF BN (ZERESE ) AMERHEN] S h
7228, 1970 4R ICHREI Sz M7 IRBEN E O Th R En L
NV DHGERER AR LT B 13 1980 AN T 13 R E S
DEAEN RT v TRBEIMTOND L5120, ZOMEATOR
BIBEN AN SN oTn, ZORE, SHCAE ST
WD RR OB MR ORI RIS B B 2 L A B Ao
=B oz Eh s, EEMICH DS, BT 4 T A N DSFIRIE
L 31 B A AR A IR E R CI A h E X BB &
Hctpoin, ER F MRS NDEEHENO BB S 51T
BHENTZDTH B,
5. Hhis e DtE

AR T T 0D B 76 OB REAKGE I 1B & 0 3642 SR D 220,
AL, AN MBS BT DI N I 1 2 BF OB (BETE, AJI9E)
PIIELTEY, FFHRMANCIES 51 1RO fREE (RAIE) 28

% (Fig. 20) , AEFEH M-1 [ZIEZEHEOTHETH Y, M2 1Tk
JINED O —E % 5H L CHEl Sz, 2B ONREES b, &

© 2017 The Mining and Materials Processing Institute of Japan




TEEF IS T

Vol.133, No.9, 2017

BRI & AR RIS BB R B 20 S BUE DB FTIC H b, eERIE,
EBIEL NIRRT S - 7228, LRI M-1 B
Bir Lz, BEICDbE-T, Zhboktiorn Tiompss
G2 THAFETE I Z LT HBVEEMGEOEE LB TH -7,

FEINCITRFFAO PR V— A5 H T THDEN, AARTHEA
DOHBFEEF TH D Z LD LEFIRITED RLFE NV 2L,
I R0Z DA O fikfE%ECTOEN - BFOFIMICHEBL T\ 5D
EH5ThHD, e Th, WELETIE, BEITNLAXDGINICER
B E AT TERY, BEERE LTRHAHEN TV,

Mk & OHAO—ER E LT, W)IHBVEERT) DI BT
DIVTWD (197148 11 ABRAR) o« BUEE, NIBVFHRE =17 ¥ —
DFEE A (RSB FRER ) 28 LT, Fmhee, iR
MRk, BT OVEREARERE, B, RERAAT R SIS T
W5,

Hulk D 5% LT DN O L RS DI, Husko 5 # H3kn
JIMBEEFZHEVICESTTFI o TWnL 2 Thd, ZNHE
AR b= 2 it & DAEDIHHTH S 5,

=

6. WIITHMBEFHREDRNER

KT OHBAIETED 50 45 ORINEFR Mk T X 72K & LT,
BIEOBA TRV IS LU TFOENET b5 THSH 9,
6-1 REHIDE

A HEFE BT XA fEH OB FHERE LB sh
Toiz®, BB —HROBBIZTEZEZ bR TWRhoTo, S
SMW Tt Su=n3, 4FE 1 B HORKEN TR ETh -T2
Z e 20MW IZEHIIA T Xhvin, HERHIATHE O #IH B IR
B, SIER R OHEE LI SN BT R £ TTREY Th
D, BEVA ROBZHFVRELIVTOIZATREER L,

BRF B RS &, ZORAFEIE, HEOREKMEZ k/IME7
LHEIBALNTWEEDbRDZ Enn, FIbMII=vy Y
ZHEHE ) Tl B, HIT T B B HIEE I 0 B0 1E B R
L, SBT3 A ZBAEIC B WO T b HEE PR I A S
PR, BEEREFHE IRV, BEFEL L TORBEMER
EREINDHDEHTHLNDHZE, MINTITbT 7 e—Fiis
BN DD TR,

6-2 #EEEFITHEMSZIE

RRAEERIIEHRPEC THHREL=y FOHRRZITD2) >
722 & BWRDDIRNETE LT3 BRI 5 Lz, )1 HEE
BANIHLO THICEET DO OHFHERTHLOT, T
TRELENHU EOREEIT>TH, YFOBERIFHEE EOH]
FIDDEIORFIZKERTKRH -T2 12DTH 5,

INEHDET, Fig SENLLND LI, YHIROH T
EREY — 2 TH DM PEMNTHIE R L <, 57 2 i1 #Ecth oo e
DHEEERARETHILEVIFF LD o, Mo T, L DL
HARE 2 M8 & 3 A MBVR BT O IIIT bR -T2, ZDZ
Lk, FEERMIC, IPREOSEEBICK L GREIZAFE L 1325
T, KBS, GEEERRMG O HEE ARG LA T, AREOR
FILHE TR0 o7z, RIINZEB W TEREOBEENEAL L
OT=DIF 1980 FARDE TR > THTh D,

6-3 EEEEAS

TR N T, ARENED LgA OBMHmEIZE LT
b, ERHIOHRRLT L KGE TR o7, HETH
FMHBBHELTORETHHIDT, BEHINKET LEZEA,
THCARET DENEINBOLAT 22 2 N LB =
A K& DO CIBIMFFIRAIO X A I 2 7R RD BTV,

T PRI LA A OB (IR L CHEBIEMOBIN) I2h b, ZnbHo
N, Bz IE (1970) 10 18 d 5.

© 2017 The Mining and Materials Processing Institute of Japan

TR 7 ABE CTRWESIE, TAHDTOREILTLHLE
ol WO HEELH D, Fig 2 TRRENDEKZ FE->T
WAHIHANR G 5 DX b DFEHIC L 5,

DX D IRIERE R E b I E O ORIV S E S 2
ko, MBSEEFRL —NICE->Th, BEOHPLTEEZHINE
WL > THEEFEHIZEDY 5B LD ThHhD, £z, BE&HEOH
BEHEIZL>THZENIEDY 25 THAH, ZOLI7emb, &4
HBOBBITIe DD TIXIRND,

7.8 Hh Y I

FAL TR TH5E) OMBEEF ERTAMNE Y Lo E
{EOLRTOENS 53 OHEEE 20 MaERAE Y 2 H 0
D THARLTHDL E, BRENEAORFISERTHND DI,
WL TOFMEZLR (48F) OV —F—v o7 Thb, #Hiik
TuVxl NEHETAEOII) X —-NEETHI LD
B TR S E D, FIUCEE T2 - BB HF OB
AN FRLENTH 5,

RN DOBHFE T — RNEFICHEA T L DI/ 220, EEDLZA
I, MEFRZR 2 S E 0 TR o 7m, IR T CoH AR
F, AT —ARIER Y, T DIIEEE N RS
Mz, #EFH (FFRA) REEWEICHT > T, FEOERM L
KIEPEDTIZ b R X R ES N D12k 5 THs W, oFT
iE, BT R S THE R BB AR
T EFEHEEI RS R E o T,

THEPT T MBEREOEN K E oz, HEIEHEAHIHT
¥, RAEE LB AME (BIEQJFE =Y P=T U v 7 ) A,

BT T MRS, BHESIRREER S, LA THIEET
N, EEHULILINE LAY ST, WEOKSFE & 134<
PEIR D Fe7p 2 MIBAE R & I - F BT 1T, Fix DR 0N o T-1E
PThsb, AAROHMBIEET T ML, BE, FEHHT, M
ROMBIEBERIHOR 7B % 5D TND, ZOMEEL 72-7-00%
BITH Y, BUREDENEHT HRETH 5,

References

1) FRJ5ARHS - #i#4 |, No.10 (1967), pp.52-67.
2) HRHACH i No.10 (1967), pp.13-34.
3) FJIEE : #i#4, No.10 (1967), pp.35-51.
4) IS AAROHEER, ( AAMBAGHAS, H, 1970), pp.126-131.
5) ARISFKER « KA FRME © iAo R L ¥ —, 16 (No.1) (1991), 64-71.
6) M. Hanano: Geothermics, 32 (2003), 311-324.
7) HESEE T PR ML No.25 (1970), 11-21.
8) RBH(S « Ha FIRH - SURE 50 - HIgA 38 (2001), 339-368.
9) AIEE - WEANE - Wl HEFADT B, 39 (1988), 435-445.
10) #4755 : #E = =2 — 2 , No.189 (1970), pp.16-24.
11) 355« U = = — %, No.337 (1982), pp.89-99.
12) M. Hanano and G. Matsuo: Geothermics, 19 (1990), 541-560.
13) M. Hanano and Y. Sakagawa: Geothermics, 19 (1990), 29-42.
14) 8 2.1%, M. Hanano: J. Energy Resources Technology, 114 (1992), 309-314.
15) HARTEALS: THpGNaH 40 (PR TE 20 FECEREEE ) (1986) , pp.1-36.
16) RUINED : #EREVY:, (HEREHIRE, HL, 1988), pp.1-324.
17) EARE 1S - HP{E - HUEFRAE AT A L, 19 (1968), 507-518.
18) D.E. White, L.J.P>. Muffler and A.H. Truesdell: Economic Geology, 66 (1971), 75-97.
19) JREEH]H - FPARA— 0 AAHIEAA2EE, 10 (1988), 359-371.
20) %1%, M.A. Grant and PF. Bixley: Geothermal Reservoir Engineering, (Academic Press,
New York, 2011), pp.1-359.
21) M. Nathenson: U.S. Geological Survey Open-File Report 75-525 (1975), pp.1-35.
22) K. Sumi: Report No.225, Geological Survey of Japan (1968), pp.1-44.
23) GlAUE, B 0T O OFE, (PHP BFFEFT, HUL, 1997), pp.90-94.
24) HAL TS B0, No.71 (RREEHI B BT 5EAAL A ) (1966) , pp.1-29.

(Bai) http://doi.org/10.2473/journalofmmij.133.214



