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DETECTION OF A TWO-PHASE RESERVOIR BENEATH
KUJU VOLCANO, JAPAN AND VOLCANO ENERGY UTILIZATION

Sachio Ehara and Tohru Mogi

Faculty of Engineering, Kyuohu University, Fukuoka 812, Japan

ABSTRACT

Kuju-iwoyama, which is Lhe most. active fumarolic
area in cenlral Kyushu, Japan is situated al an
explosive crater of Kuju volcano.  The natural heat
discharge is estimated at about 100 W aird most of it
( more than 95 % ) are from steaming grounds and
fumaroles. Temperatures of fumaroles generally exceed
200°C and the waximum Lemperalure is 380°C.

Anomalously high wicroearthquake activities were
detected just benealh thie fumarolic area down to about
1 to 1.5 ko depth from the surface. An extremely lov
resistivity zone lower than 5 olhuw-m was detected just
beneath the fuuarolic ares down Lo about, 1 to 2 km
depth by ELF- and ULF-MT wethods.

Thermwal wodelling sliows that Uthe above-gentioned
seismic active and low resistive zone IS in a state of
two-phase. Nuwerical simulation of heat extraction
from the reservoir shoes that 10 MW power generation
fur more than 10 years is possible without having big
effect on natural geothermal uctivities.

[ NTRODUCTION

Oe ol the wain goals of volcano energy
utilization is extraction of heat from magma But
there are many problems Lo be solved in order Lo
extract heat from magma, for exauple, location and
delineation of magma, heat transfer wechanism in a
wagwa, and safe and stable extraction of heat ecte.
Then an alternative strategy for volcano  energy
utilization is presented, based on our recent studies
on Kuju volcano in central Kyusu, Japan.

Hecently, therwal , microseismic and magneto-
Lelluric observations were wade on Kuju volcano.
Natural heat and mass discharges were estinated
( Ehara et al., 1981). Microscisuic and magnetotelluric
observalions clarified the undeground structure of
Kuju volcaiio. Coubining the thermal and structural
data, a quantitative thermal wodel was presented by
computer modelling. By using the model, extraction of
heat was simulated. In this paper, ve describe the
thermal, seismic and wagnetolelluaric resulls first
arid then discuss Lthe thermal model ling.

KUJU VOLCANO AND ITS GEOTHERMAL ACTIVITY

Kuju volcane is to the northeast of Aso volcans,
which is one of the wost active volcanoes in Jpan. The
distance between them is about 25 kn. The Kuju voicano
group is composed of wany lava domes. The oain rock
type @S hornblende andesite (VSJ) arid TAVCEL,1971). The
volcanic activity started about 0.3 Ma and the
youngest K-Ar age of Kuju volcanic rocks is 0.05 Ma
( Hayashi, 1988 ). Phreatic explosions occurred in
historic ages.  Kuju-iwoyama is an explosive crater
of ML, Hosshouyama of the group and show Lhe wmost

intense geothermal (wainly fumarolic) activity. The
fumarolic area ( c.a. 0.2 ka- ) is al Lhe northeastern
flank of Mt .Hosshouyaua.

The natural heat discharge is eslimated al about.
100 Mk aiid wost of it ( more than 95%) are fron
fumaroles and steaming grounds { Ehara eL al., 1981 ).
The temperature of fumaroles generally exceed 200 °C
and the observed masimum Lemperalure of fumaroles is
480 ‘C(lwasaki el al.,1964). Volcanic gas emnissions are
estimated at 188 Lons/day (C02), 53 tons/day ( 1.S), 26
tons/day (S0.), 3.1 Lons/day (S), 3.1 tons/day (HCL)
and  0.07 tons/day (HE) (Ehara et al. ,1981).

SEISHIC OBSERVATION

A Lewporary seisumic observalion  syslew  vas
installed just around the fumarolic area (Fig.1, St.l
- 5), in order Lo investigale Ltie relation between

seismic aclivily and thermal process beneath it. A a
result. , anomalously high wicroearthquake activilies
were detecled just benealh Lhe fumarolic area down to
aboul 1.5 ku below the surface (Frow Hay 27 to June 10
,1986, Fig.?2 ). Furtheremore, the latest result (from
July 27 Lo Dec. 8, 1988) shoes Lhall wicrosarlhquukes
occur al relatively shallower depth (down to 1ka ) of
Lhe fumarolic arca.  The daily numbers of observed
microearthquakes are 10 to 20 on Lhe average. However,
Lhe wode of occurrence is rather swarm  type. For
example, about 10 earthquakes occur very often in a
few minutes. The b-values are about 0.8 Lo 1.2.

Fig. 1 Seismic  stations on  Kuju volcano. Solid
Lriangle:Mulliparbile scisnic stations(st.]1-6).
Solid circle : Seismic stations for monitoring.
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Fig. 2 lypocenter distribution mnear Lhe fuanarolic

area. Solid triangle: seismic stalions. Solid
circles hypocenters.
Anonalously Jow velocity structure was detected

just beneath the fumarolic area(l'ig.3).The blocks wiLh
thick solid lines show lower P-wave  velocities
comparing with the initial velocily slructure, which
is used for hypocenter deternination. The low
velocily parts extend down to 2 km depth. Lower
Poissun’s ratio was alse obtained Jjusl beneath  Lhe
fumarolic

area. Superimposed focal mechanisas do not

show a unique solution.
The origin of such anounalous Microearthquake
activities just beneath Lhe fumarolic  area is

Luwo-
The delailed

considered Lo be high pore fluid pressure in the
phase reservoir benealh Lhe
discussion will be done lalur.

dl'lead.

=500
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Fig. 3 Lower-velocity blocks ( Lhick solid lines ).

Solid triangles show seisnic stations.

Fig.

HAGNETOTELLURIC OBSERVATION

ELF ( 8 vo 10 llz)- AND ULF ( 0.0026 Lo 0.05 Hz) -
magnetotelluric soundings were made at 147 and 7
points on Kuju velecano, respectively. The artificial
electromagnetic wave from a military VLF transmitter

stalion al 17.4 kllz was also observed in order to
detect the shallow structure. Apparent  resislivity
distribution( 7.8 Hz) is shown in Fig.4. The apparent

resistivity values irr Pig.4 are invariant resistivity
ones ( Berdictievsky et al.,1980 ) at 7.8 Hz. Pig. 4
shows thal an extreumely low resistivity zone, less
Lhan 10 ohw-n , exists at the Kuju-iwoyama area
( around KI in Fig.4 ). The two-dimensional inversion
was done by the finite element, modelling Cor the
profile A-A" in Pig.4. The subsurface structure was
assumed Lo be simple tve or three layer-struclure in
this study. Fig.5 shoes & vesult of the two-
dimensional inversion. Extremely low resistivily value
was detected beneath the Kuju-iwoyama area. Generally,
the first layers show 50 Lo 300 uhu-w and their
thicknesses are 30 to 200 m. The second layers shov
different values at different sites. The third layers
show about. 300 ohm-u, excepl the Kuju-lvoyana area
where Lhe resistivity is about 1 ohm-n. The depth of
the lov resistivily zone ( aboul 1 kw ) beneath the
Kuju-iwoyana ares vas delermined by using ULF 4T data.
The three-dimncosional analysis also done by the

vas

finite clenent nodelling for the region around Kuju-
iwoyama ( broken reclangle iu Fig. 1 ). The low
resist.ivity zene lower than 5 uhu-u cas delecled
Jjust beneath the [umarolic area ( Fig.6 ). The lor.
resistivily zone was limited lo 900 w in the E-¥
direction arid 500 m in Lhe N-S direction

The aboVe-peutioned low resistivity zone Jjust

beneath Lhe fumarolic area is considered to
io the hot geothermal fluid.

originate

1898

4 MT
distribution(7.8 Hz). + (ELF-MT wethod, O ULE-

survey sites and apparcnl resistivity

MT method. KI ¢ Kuju-iwoyama. HC = Halchoubaru
geoLthernal pover stalion, 4-4", B-8’, C-C’ and

D-D’: profile for two-dimentional analysis.
Broken rectangle ¢ area for Lhree-dimensional
analysis. Solid line * faults. Broken line :

assuned faulls.
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Fig., 6 Three-dimensional resistivity woedel  for the

broken recltangle in Fig. 1.

THERMAL HODELLING

A conceptual thermal wmodel 'cas presented based on
the thermal(Ehara el al.,1981),isutopical (Halsubaya et
ul.,1975) and structural (this study) dJata as shown in
Fig.7. The drilling(NED0,1988 ) and gravity ( Kouazava
and Kamata, 1985 ) dala show the depth of basement is
1.5 to 2 km in this area. The isotopic study ol
fumaroles, hot springs, arid groundwater shows aixing
meteoric water Wwith magmatic waler. The lor
resistivity zone will extend to the depth of Lhe
baseuwent. Microearthquakes occur al a shallower depth
than that ol basement.

Bascd on Ltie above-menlioned concepulual model,
Lhermal process bencath Lhe active fumarolic area
sinulated by computer modelling( Pruess and Schroeder,
1980, 0’Sullivan, 1985 ), assuming a cylindrical
syuwmetric body.  The high perucable zone extends [rom
the surface Lo 2 ku depth. diameler of the area
concerned IS 5 kw, considering the recharge area

wds

The

Magmatic steam is
the boltom surface of the central part
but the boundary condilions at Lhe side are adiabalic
and iwperweable. A good [it model is shown in Fig.9.
In the model, the magoatic steam of 30 kg/s (enthalpy
= 3500 kd/kg ) is supplied from below, wixes wilh the
ueteoric water of about 10 kg/s and finally Lhe stean
(35.8 kg/s) and the hot watec(4.3 kg/s) are discharged
al the surface. The calculated heat discharge is
104.4 4.  The Lemperalure, pressure and  vapor
saturation arc shosn in Fig. 10. Tlie temperature of the
first layer ( 0-200 n depth ) al the cenlral parl 1is
about 210°C, which agrees well «ilh the observed
fumarolic temperatures. The temperature in the bottom
layer. (1750-2000 u) exceeds 30°C. The central high
peracable zone is in  a state of tho-phase a4t any

(Kawamura,1984) as shown in Fig.8.
supplied frou

depth.  The tewpcratures outside the central part are
nearly linear w«ith depth, which ueans that the heal
transfer is wainly by counduction. The  pressure
distribution  ovulside the central part, S near
hydrostalic. llovever, in Lhe central part, the
pressure is a little ( to 1 HPa ) higher than the
hydrostatic one. I'he high pressure in the high
perucable zone may becone an werigin of tlie high
seismic activily in this part, since the high pore
pressure lowers Lhe streugth of the rock. This seans
that microcarlhquake activities are limited to

shallower part of Lhe reservoir. On the other hand, Lhe
Tow resistivity zone extends to the ‘whole reservoir.

FUMAROLES

METEORIC WATER

*microearthquakes Jr
HIGH TEMPERATURE GAS

500m
-
5 Km
I"ig. 7 Conceptual thermal model beneath the Kuju-

i woyamwa region.
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Fig. 8 Block layout for the radially symmetric model
(vertical cross scction).
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Fig. 9 Quantitative thernal model beneath the Kuju-
iwoyama regioti.
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Rig.10 Temperature( T ), Pressure( P ) and vapor
saturation profiles of Zore A ( discharge area)
and Zone C( recharge area ).Refer to Fig. 8 for

Zones A and C.

EXTRACTION OF HEAT

4 production process was simulated by extracting
the fluid from the shallow part ( 250-500 m )}, by
using the above-mentioned good fit. wodel. The
production rate is 30 kg/s, which is coaparable to
10 ¥ power generation. The temporal variation of
several physical properties during exploitation are
shosn in Fig.l1. As a result, it is coucluded that
heat extraction for more than 10 years is possible
without having big effect on natural geothermal
activities

CONCLUSTON

A seismic active arid low resislivily zone was
detected just beneath an aclive [fumarolic area of
Kuju volecano in ceatral Kyushn, Japan. Combining

the structural and Lhermal data, a numerical thernal
model was presented by computer umodelling. The model
shows the exislemce of two-phase geolhernal

reservoit  jusl  bencath the fumarolic area. I'he

origin of anomalous wicreearthquake —activity  just
beneath the fumarolic area is coasidercd to be  high
pore fluid pressure in the ‘two-phase teservoir.
Microearthquakes occur only in  Lhc  shallower part
( 1 Lo 1.5 ks depth ) of the reservoir. On the other
hand, the low resistivity zone, which originate in
the hot geothermal fluid extends to the whole
reservoir.

A production process was simulaled by extracting
fluid from the shallow part(250-500 n). As a result,it
is concluded  Lhat  the heal extraction which is

comparable t¢ 10 YK power generation for more than
10 years is possible without having big eflect on
uatural geothermal activities. The developuent of
the Lwo-phase reservoir just benealh the active
fumarolic area of a volcano is a possible wethad to
utilize volcaiio encirgy iu Lhe near fulure.
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Fig. 11 Temporal  variations of several physical
properties during the short term exploitation
of” the shallow reservoir( 250 u-500 a depth ).
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