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Reservoir Engineering Studies at the Matsukawa Geothermal Field
Mineyuki Hanano

Abstract

Matsukawa was the first geothermal power plant established in Japan. It started power produc-
tion in October 1966, and is the only vapor-dominated geothermal field developed to date. The pow-
er plant has been continuously producing full power, 22MWe, for almost 27 years. Matsukawa is
located about 600km northeast of Tokyo and about 27km northwest of Morioka, Japan. It is in
the Hachimant..i volcanic region, one of the most active volcanic regions in Japan. This paper reviews
reservoir engineering studies at Matsukawa. Thisincludes a study of the current state of the reservoir
studied mainly by pressure buildup tests, a study of the initial state of the reservoir studied mainly
by reconstruction of a reservoir pressure profile, and a numerical modeling study of the natural state
of the reservoir.

Continued pressure buildup tests since 1986 have revealed that there is a lateral steam flow from
southwest to northeast in the Matsukawa vapor-dominated reservoir, and most of the steam is su-
plied from southwest of the development area. This result suggests that the vapor-dominated reser-
voir extends further southwest than the area now being exploited. These conclusions are supported
by production records and chemical data of produced steam.

The study on the natural state of the Matsukawa geothermal reservoir has revealed that there
was a thin vapor-dominated zone at the shallow part of the reservoir (around 300m to 400m depth)
and the current production zone (800m to 1300m depth) was filled with liquid before exploitation.
Early production wells produced wet steam with some hot water at first, but they turned to produce
only dry steam after a production period of 6 months to 1 year, because of the existence of low perme-
ability aureole around the reservoir and high heat flow. Estimated conductive heat flux, 1.5W/m?2
is as high as that of The Geysers.

The natural state modeling study showed that the model of the initial state of the reservoir,
described above, was feasible. The results also indicated that the low permeability aureole was very
important for the evolution of its natural state and also for production of superheated steam from
the liquid zone below the thin vapor-dominated zone in the shallow part of the reservoir. Initial tem-
perature distribution and the results of the simulation study suggest that there is an extensive heat
source in the southwestern part of the reservoir.

*HIBT =T ) Y/ T020 - 01 A TS FENERMEET MR 722
(JMC Geothermal Engineering Co., Ltd. ; 72—2 Sasamori, Ukai, Takizawa-mura,
Iwate 020-01, Japan)
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Fig. 2 Fracture map at sea level of Matsukawa (after Akazawa and
Muramatsu, 1988).
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Fig. 3 MDH (Miller-Dyes—Hutchinson) plots of feed—point shut—in pressures
of M7 (after Hanano et al., 1991a).
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Fig. 4 Log-log plot of M9 (after Hanano and Sakagawa, 1990).
Pws : shut-in feed—point pressure, Pwf : flowing feed—point pressure.
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Fig. 5 Shut—in pressure distribution at feed—points in October, 1988 (after
Hanano et al., 1989).
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Fig. 6 Change of water level at wells T22 and T23 (after Hanano et al., 1993).
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Fig. T Record of steam production rates of wells M7, M8 and M9 (after Hanano et al.,
1993).
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Fig. 8 Distribution of total gas concentration in steam in 1987 (after Ishizaki
and Kondo, 1992).
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1000 | | | | |
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 jJan. 8. 1964 73.2 91
E |Jan. 9, 1964 107 85
F Jan. 11, 1964 147 77
G JJan. 12, 1964 167 75

Fig. 9 Temperature and water level build-up of M1 after the completion of
drilling, and the estimated recovered reservoir temperatures (open circles)
(after Hanano and Matsuo, 1990). The temperature build-up data are
taken from Takaki and Tanaka (1968). Boiling Point for Depth
corresponds to Run G.
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Fig.10 Feed point pressures at Matsukawa and Kakkonda vs. elevations of
the feed points.
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Fig.12 Conceptual model of the initial state of the Matsukawa geothermal
reservoir (after Hanano and Matsuo, 1990).
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Fig.13 Discharge rate of hot water accompanied by steam from production wells
at early stages of the production (after Miyamori, 1968).
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Fig.14 Location of the cross section of natural state modeling (after Hanano,
1992b). Distribution of pyrophyllite is taken from Takatsuka and
Takashima (1991).
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Fig.15 Grid mesh of natural state modeling with estimated initial temperature
distribution, along with permeability distribution (A=5X10""" m?, B=
1X1078m?, C=5%X10""%m?, D=1%x10"®m?, E=1X10"'*m?), location of
mass input (A), and conductive heat input of RUN 1 (after Hanano,
1992b).
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Fig.1T Temperature distribution at 50,000 years of RUN1, along with initial
temperature distribution (dashed line) (after Hanano, 1992b).
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Fig.18 Distribution of water saturation at 50,000 years of RUN1 (A : Sw= 1.0
(krs=0.0), B:0.95=Sw<1.0(kes=0.0), C:0.84=Sw<0.95(k;w=kes>0.0),

D:0.5=Sw<0.84(0.99=kes >kew), E:Sw<0.5(kes>0.99)) (after Hanano,
1992b).
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Table 1 Simulation cases (after Hanano, 1992b).

RUN Description

RUN1 Current best model and base case for the following runs
RUN2 Without low permeability barrier (A = 1x10-1!5 m?)

RUN3 One tenth lower barrier permeability (A = 5x10-!® m?)
RUN4 Doubled conductive heat input at bottom (X = 2 - 14)
RUNS Cross section depth = 3 km

RUN6 Cross section depth = 4 km

RUN11 Production from 50,000 years of RUN1

RUN12 Production from static initial condition similar to the

result of RUN1 with permeability distribution of RUN2
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