PROCEEDINGS, Thirty-Third Workshop on Geothermal Reservoir Engineering
Stanford University, Stanford, California, January 28-30, 2008
SGP-TR-185

DEVELOPMENT OF THE OPTIMUM NUMERICAL RESERVOIR MODEL OF THE OGIRI
GEOTHERMAL FIELD, KYUSHU, JAPAN, USING ITOUGH2
Yurie Kumamotoa, b, Ryuichi Itoia, Toshiaki Tanakaa and Yukio Hazamac
a

Department of Earth Resources Engineering, Kyushu University
744, Motooka, Nishi-ku, Fukuoka, 819-0395, Japan
b
Department of Energy Resources Engineering, School of Earth Science, Stanford University
367 Panama Street, 132 Green Earth Sciences Building, Stanford, CA, 94305-2220, USA
c
Nittetsu Kagoshima Geothermal Co.
4-2-3, Shiba, Minato- ku, Tokyo, 108-0014, Japan
yuriek@stanford.edu

ABSTRACT
A three dimensional numerical porous reservoir model
of the Ogiri geothermal field was developed by the
method of inversion analysis using the iTOUGH2
numerical simulator. Natural state simulations were
carried out for matching temperature profiles of 11
wells before exploitation. The model was characterized
by the presence of high permeable zone that represents
main production zone of Ginyu fault and of probable
recharge zone at depth located in the eastern part of the
field. Permeability of 13 rock types and enthalpy and
flow rate of deep recharge were estimated through the
simulation. Temperature profiles of the wells located
along the Ginyu fault were relativity well matched with
the model.
1. INTORODUCTION
The Ogiri geothermal field has been producing steam
and water since 1996. Nittetsu Kagoshima Geothermal
Co.(NKGC) has developed the field and supplies steam
to the power plant with installed capacity of 30 MWe
operated by Kyushu Electric Power Co. At present, the
number of production and reinjection wells are 14 and
9, respectively, while they were 10 and 7 when the
operation of the plant was started (Japan Geothermal
Energy Association, 2000). The steam production rate
is approximately 275t/h and the separated hot water for
reinjection is 875t/h. The power plant maintains high
utilization efficiency of 96.2% as of December, 2004
(Horikoshi et al., 2005).
Twelve years have passed since the start of the
commercial operation of the power plant. During this
period, additional information of the Ogiri geothermal
field have become available through well drilling and
logging, geochemical monitoring of produced fluids,
well testing, tracer tests analysis and MT surveys. On
the basis of this new information, the geological
structure of Ogiri and the movement of geothermal

fluid in reservoirs have been re-analyzed for better
understanding of reservoir structure (Horikoshi et al.,
2005). Therefore, a numerical reservoir model need to
be improved or newly developed by introducing these
obtained information to design a future development
scenario of the field in terms of sustainability. In these
backgrounds, we developed a three dimensional
numerical porous reservoir model of the Ogiri
geothermal field and, as the first step of modeling,
carried out natural-state simulations with the model.
When we develop a numerical reservoir model,
unknown reservoir parameters such as rock
permeability, enthalpy and flow rate of deep recharge
fluid need to be determined through simulations in a
trial and error manner. However, this process requires a
great amount of time and manpower to obtain optimum
values of the unknown parameters. In order to solve
this problem, we applied a method of inversion
analysis using the iTOUGH2 numerical simulator that
can estimate optimum values of unknown reservoir
parameters
automatically
(Finsterle,
1999).
Effectiveness of iTOUGH2 for developing a numerical
model in practical cases has been reported, for
example, by White et al. (1998), Bullivant and
O’Sullivan (1998) and Porras et al. (2007).
2. GEOLOGICAL SETTING
The Ogiri geothermal field locates in the West
Kirishima geothermal area, and is located at an
elevation of 700m to 900m above sea level (a.s.l) on
the western flank of Kirishima volcanoes, southern
Kyushu. Figures 1 and 2 show the geological map and
the geological cross section of the West Kirishima
geothermal area, respectively. The basement rock is the
Cretaceous Shimanto Group consisting mainly of
sandstone and shale. Quaternary andesitic lavas and
pyroclastic flow deposits with a small amount of
lacustrine sediments unconformable overlie the
Shimanto Group (NEDO, 1983; 1987; Taguchi et al.,
1983; Imura and Kobayashi, 2001). The volcanic rocks

consist mainly of pyroxene andesite with minor
amounts of hornblende andesite (Goko, 2000). Many
hydrothermal alteration zones are found in the West
Kirishima geothermal area (Kodama and Nakajima,
1988; Goko, 2000). In general, these zones are aligned

along ENE-WSW and NW-SE directions, and they are
interlaced. Distribution of alteration zones relatively
well matches with the lineament in this area. This
characteristic implies that the fracture system at deep
zone controls the formation of the alteration zones.

Figure 1. Geological map of the West Kirishima area (modified from Goko (1995, 2000))

Figure 2. Geological cross section along A-B line in Fig.1 of the West Kirishima geothermal area (modified from
Goko (1995, 2000))

Table. 1. Hydrogeological features of formation in the Ogiri geothermal system (modified from Kodama and
Nakajima (1988))
Name of formation
Hydrogeological feature
Older Shiratori lava – Sagari lava
Permeable with fractures such as joint
Makizono lava (Upper part – Middle part)
Fractures are cemented by alternation mineral. Play as
cap rock.
Makizono lava (Lower part)
•
Fractures are well-developed
– Kirishima welded tuff (Volcanic conglomerate)
•
Main reservoir
Kirishima welded tuffs
•
Scarce fracture
•
Presence of faults as the flow path of geothermal
fluid
Shimanto Group
•
Presence of fracture
•
Geothermal fluid has been stored for a long time

3. CONCEPTUAL MODEL
Kodama and Nakajima (1988) and Goko (2004)
studied subsurface temperature structure of the West
Kirishima area including Ogiri geothermal field in
detail. The temperature at depth tends to increase from
west to east and south-east toward the center of
Kirishima volcanoes. It is considered that the heat
sources of the West Kirishima geothermal area was
formed by the volcanic activity of Kirishima volcanoes
which started volcanic activities about 0.6Ma ago
(Goko, 2004). Vertical temperature profiles of the
wells located along the Ginyu fault show that it
gradually increases from ground surface to 500m a.s.l.
Then, it increases sharply with high temperature
gradient between 500m and 200m a.s.l which implies
that conductive heat transfer is dominant. Below this
zone, temperature shows a relatively uniform value of
230oC (Kodama and Nakajima, 1988). In particular, the
well bottom temperature in Well N56-KT-8 located in
the southeastern part of the West Kirishima area
reached about 300oC at a depth of 1800m (765m b. s. l).
There is the Ginyu hot spring located in the southern
part of Ogiri and fumaroles distribute along Ginyu fault.
Goko (2005) reported the heat discharge from the
ground surface of the hot spring to be 12.8kJ/s.
The Ogiri area is characterized by the presence of
ENE-WSW trending faults such as Ginyu and
Sakkogawa faults. The Ginyu fault zone has been one
of the main reservoirs targeted for development in
Ogiri (Goko, 2000; Horikoshi et al., 2005). The fault
has a near planer fracture with a uniform temperature
of 230oC (Goko, 2000). Because of its high
permeability, wells were mainly drilled along the
Ginyu fault, and production and reinjection areas are
allocated along the fault in the areas of north-east and
south-west, respectively. The presence of the Ginyu
auxiliary fault of ENE-WSW trend with south dip was

identified in the south of the Ginyu fault. Subsurface
temperature of the Ginyu auxiliary fault zone is
estimated to be in a range from 220oC and 240oC
(Goko, 2004). It is considered that the Ginyu auxiliary
fault zone has high potential to be developed as a
production zone (Goko, 2004). The Sakkogawa fault
located north of the Ginyu fault is considered to be a
flow path of meteoric water as low temperature was
measured in a well drilled along this fault (Kodama and
Nakajima, 1988). The NW1 fault striking NW to SE
intersects with Sakkogawa fault, Ginyu fault and Ginyu
auxiliary fault. Therefore, it is concluded that the NW1
fault plays a significant role as a flow path of the high
temperature geothermal fluid supplied from deep zone
in the eastern part of Ogiri. Table1 summarizes
hydrogeological features of formations in the Ogiri
geothermal system.
4. GRID MODEL
A three dimensional grid system of the Ogiri
geothermal field covers the area of 9.5km by 7.9km
with elevation 850m a.s.l. down to 2600m b.s.l. The
size of the grid block ranges from 100m×100m to
3,000m×3,000m with thickness of 100m to 1600m.
Figure3 illustrates a three dimensional grid model
developed in this study. The model was divided on
horizontal plain into 23 blocks for east-west and 11
blocks for south-north directions with 9 layers. The
layer was named from AA to II which represent the top
and the bottom layer of this grid system, respectively.
The total number of the grid blocks is 2277. Areas
representing main flow path by the Ginyu fault, the
Ginyu auxiliary fault, the Sakkogawa fault, the NW1
fault and the flow path of geothermal fluid were
assigned with the smallest block. On the other hand, a
larger block was used in other regions. The grid system
was tilted by 27◦ from the east to north so that main
fault systems in ENE – SWS directions can be properly
represented
with
rectangular
coordinates.

Figure 3. Grid system of the Ogiri geothermal field
Thirteen rock types were used in the model to assign
different rock properties for grid blocks on the basis of
the hydrogeological characteristics of the Ogiri
geothermal system. A vertical slice of the grid system
corresponding to the geological cross section (Fig.2) is
shown in Fig. 4. Table2 summarizes initial guess of
permeability values and thermal conductivity of each
rock type. Permeability values of x and y directions are
treated to be the same. These permeability values were
determined on the basis of the core analysis and
permeability-thickness product obtained through well
test analysis in Ogiri. Measurements on porosity,
density, specific heat and thermal conductivity of rocks
were not conducted in core analysis. Therefore, we
used values from Bodvarsson (1988) for these
properties; porosity of 10%, density of 2500kg/m3 and
specific heat of 1050J/kg oC were given to all rock
types. Each rock type has thermal conductivity ranging
between 1.5W/m oC and 3.0W/m oC. Rock type of high

permeability was assigned to the blocks corresponding
to the Ginyu hot spring to represent the natural
discharge of heat and fluid: 12.8kJ/s from the fumaloric
area in the Ginyu hot spring (Goko, 2000).
5. NUMERICAL SIMULATION
We carried out natural state simulation with the grid
model of Ogiri by use of the iTOUGH2 code that
automatically improves parameters to be estimated.
They are permeability values of 13 rock types, enthalpy
and flow rate of deep recharge. Then, a three
dimensional numerical porous reservoir model which
represents the natural-state in the Ogiri geothermal
reservoir was constructed with the estimated reservoir
parameters. Temperature profiles of the 11 wells
measured before exploitation in the field were used as
matching variables.

Figure 4. Vertical slice of the grid system corresponding to the line A-B of the geological cross section in Fig. 2.

Table 2. Initial values of rock properties. Permeability values are used as initial guess for iTOUGH2 simulation.
Thermal conductivity of each rock types was fixed in the analysis.
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Rock Type

Permeability (m ) (Initial guesses)
kx, ky
kz

Ginyu fault
(Production area)
Ginyu fault
(Reinjection area)
Ginyu auxiliary fault
Sakkogawa fault
NW1 fault
Kurino lava
Takaharu gravel bed
Sagari lava

1.00×10
-15
1.00×10

Impermeable zone (Cap rock)
Makizono lava
(Upper part)
Makizono lava
(Lower part)
Iino lava
Basement rock
(Shimanto Group)

Thermal conductivity
(W/m℃)

2.00×10

-12

2.00×10

-12

2.6

1.00×10

-14

1.00×10

-15

2.6

1.00×10
-15
1.00×10

-13

1.00×10
-16
1.00×10

-13

2.6
2.6

3.00×10
-15
1.00×10

-14

3.00×10
-16
1.00×10

-14

2.6
2.6

-15

1.00×10
-16
1.00×10

-16

2.6
1.5

1.00×10

-16

1.00×10

-17

1.5

1.00×10

-16

1.00×10

-17

1.5

5.00×10

-15

5.00×10

-16

2.6

5.00×10

-14

5.00×10

-15

2.6

1.00×10

-15

1.00×10

-16

3.0

Initial condition of the grid system was formed to be
pressure equilibrium saturated with water of 15oC. For
boundary conditions of the model, constant
temperature and pressure at the top surface was given
to be 9.807×104Pa and 15oC. The lateral boundaries
were set to be impermeable with respect to mass and
adiabatic to heat, and a large volume of blocks were
assigned along periphery of the model. Mass recharge
was specified at two blocks of the bottom layer.
Location of these blocks was determined on the basis
of the horizontal temperature contours at depth and
tracer test analysis (Horikoshi et al., 2005). As an
initial guess of deep recharge fluid, mass of 30kg/s of
990.21kJ/kg (saturated water of 230oC) for a grid block
located in the eastern part is assigned and mass of
50kg/s of 990.21kJ/kg is supplied into the other block
located in deep zone of the production area. These
mass fluxes and fluid enthalpies are subject to be
estimated in the iTOUGH2 simulation. The conductive
heat flux of 0.432W/m2 was assigned to the grid blocks
of the bottom layer on the south part of the Sakkogawa
fault. The remaining bottom layer blocks were assigned
with conductive heat flux of 0.0432W/m2.
Consequently, total amount of heat supplied from the
bottom of the model was 19.5MW. As for other
boundary conditions, 0.5% of monthly precipitation in
the Kirishima area was given to all surface grid blocks.

Ogiri
geothermal
reservoir
were
estimated
automatically through the simulation. Table3
summarizes estimated permeability values of 13 rock
types.
Table 3. Estimated permeability values corresponding
to the best model
2

Rock Type
Ginyu fault
(Production area)
Ginyu fault
(Reinjection area)
Ginyu auxiliary fault
Sakkogawa fault
NW1 fault
Kurino lava
Takaharu gravel bed
Sagari lava
Impermeable zone (Cap rock)
Makizono lava
(Upper part)
Makizono lava
(Lower part)
Iino lava
Basement rock
(Shimanto Group)

Estimated permeability (m )
kx, ky
kz
3.70×10

-13

1.21×10

-13

3.36×10

-14

3.16×10

-16

3.16×10

-16

2.03×10

-14

-16

3.16×10
-14
3.81×10

3.16×10
-15
7.23×10

1.00×10
-15
6.66×10

-18

2.24×10
-18
4.75×10

-14

1.00×10
-19
3.56×10

2.98×10

-15

3.34×10

-19

4.95×10

-15

8.06×10

-15

2.89×10

-16

1.17×10

-15

2.56×10

-18

1.00×10

-14

1.00×10
-18
1.70×10

-19

-17

-13

6. RESULTS AND DISCUSSION
The model calibration was carried out with the code
iTOGUH2, and permeability of 13 rock types and
enthalpy and flow rate of mass supplied at depth of the

Mass recharged at two blocks of bottom layers were
estimated to be 31.0kg/s of 1047.1kJ/kg for the grid
block located in the eastern part of Ogiri, and 48.2 kg/s

the Ogiri geothermal system. Rock permeability
assigned to grid blocks corresponding to the main
production zone of the Ginyu fault was estimated to be

of 1062.7kJ/kg for the block at the bottom of the Ginyu
fault. Enthalpies of 1047.1kJ/kg and 1062.7kJ/kg
correspond to those of the saturated water of 242oC and
244.8oC, respectively. Therefore, total mass 79.2kg/s of
about 240oC can be recharged at depth into the Ogiri
geothermal reservoir system in the natural state.

3.70×10-13 for x and y, and 1.21×10-13 for z directions.
This confirms that the presence of high permeable zone
along the Ginyu fault. On the other hand, permeability
values for the cap rock were estimated to be the lowest:

The constructed model, namely the best model, is
characterized by the presence of high permeable zone
that represents main production zone of the Ginyu fault
and low permeable zone that plays as the cap rock of
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Figure 5. Comparison between measured and simulated temperature profiles of six wells located along the Ginyu
faults

Simulated results with TOUGH2 (Pruess et al., 1999)
using the best model was compared with measured
temperature profiles of 11 wells. The results are shown
for six wells in Fig.5. Temperature profiles of the wells
located along the Ginyu fault zone, Wells KE1-2, KE17, KE1-17 and KE1-19 show fairly good match
between the measured and simulated results. Wells
located in reinjection area, KE1-14 and KE1-18, also
shows good match with the simulated results. There are
small discrepancies between the simulated and
measured values in the shallow zone. Kodama and
Nakajima (1988) reported that the main geothermal
reservoir presents between 0m to -500m a.s.l in Ogiri.
Temperature profiles of the wells in this interval shows
good match between simulated and measured values
such that twenty two data point among 27 measured
temperature data points in this zone show relative
errors within 5%.
Figure 5 also shows simulated results using the initial
guess of parameters as well as mass recharge from the
bottom. It should be noted that the simulated
temperatures with the best model show better match
with measured ones compared with those using the
initial guess.
7. CONCLUSION
A three dimensional numerical reservoir model of
porous type of the Ogiri geothermal filed was
developed by the method of inversion analysis using
iTOUGH2. The optimum values of permeability of 13
rock types, recharge rate and enthalpy of mass supplied
from the bottom layer were estimated through natural
state simulations by matching temperature profiles of
11 wells measured before the exploitation. Simulated
temperatures with the best model shows good
agreements with the measured temperature profiles of
the wells located along the Ginyu fault zone of main
production zone.
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