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SUMMARY - The reservoir exploitation for Unit No.2 of the Hatchobaru Power Station awxlerated the decline of power output of 
Unit No.1. For the purpose of understanding the mechanism of this output deckhe, review of existing data, addtional well 
characteristics tests, well loggings and tracer tests were carried out. The results showed that several production wells for Unit No. 1 
sigtllficantly reduced their productivity due to the d o w  of reinjected waste water and due to pressure interference with production wells 
for Unit No. 2. 

1. INTRODUCTION 

The Hatchobam power station, located in central Kyushu, Japan, 
started its commercial operation with Unit No. 1 (55 MW) in 
1977. The second unit (Unit No. 2,55 MW) was commissioned 
in 1990. The reservoir is of a water dominated type controlled 
by faults. Main production zones for Unit No. 1 and No. 2 are 
found at depths fiom 800 to 1700 m along the faults, although 
these production zones are separated horizontally. Acidic 
alteration zones play a role of a cap rock at the shallow depth 
from 200 to 600 m. Both the units use a double-flash system, 
and totally reinject the waste water at about 90°C under 
atmospheric pressure fiom the beginning of operations. As 
shown in Fig. 1-1, the reinjection strategy adopted is to separate 
the production and reinjection zones horizontally, such that the 
nurthem part of the field is used for reinjection and the southern 

part for production. It was found, however, that the reinjected 
water partially circulated to the production zone and that caused 
a drop of the reservoir temperature. Consequently, some wells 
have gradually reduced their productivity. Fig. 1-2 shows the 
power output hstory of the plant. A power output decline rate 
of Unit No. 1 was about 6% before operation of Unit No. 2, but 
it increased to 14% within 3 years afler the commencement of 
Unit No. 2. The results of well characteristics tests and well 
loggings revealed that after the exploitation for Unit No. 2 had 
started, fluid production and reinjection increased and the 
m o i r  temperature and pressure began to change sigtllficantly. 

In this paper, these results of well tests and well loggmgs 
conducted at the wells H-14, H-21, H-22 and 2H-12 are 
introduced, and then the tendencies of the reservoir changes in 
the field are described. 
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Fig. 1-2 History of power output of the Hatchobaru power plant 

2. CHANGE OF WELL CHARACTERISTICS 

2-1 Well H-14 

The directional production well H-14, located at almost the 
center of the production area for Unit No. 1, was drilled to a 
depth of 1,192 m in 1979. The target was the Komatsuike 
Subfault, believed to play the most important role for formation 
of the reservoir. Fig. 2-1 shows the history of production rate 
and power output of the well H- 14. The early productivity of this 
well was the largest among the existing wells. Its steam and 
water production rates at wellhead pressure of 0.8 MPa, were 17 
k g / s .  and 39 kg/sec., respectively which were equivalent to 10 
Mw in power output. 
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Fig. 2-1 History of production rate and power output of well 
H-14 

initial discharge was 40°C, or an average temperature drop of 
3.6"C per year for this period. 

On the other hand, as shown in Fig. 2-3, the chloride ion 
concentration in the reservoir fluid gradually increased from 
2,000 ppm to 3,000 ppm due to the reinjected water inflow. 
Consequently, the power output declined by 6 MW, from 10 
MW to 4 Mw during these 11 years, or an annual averaged 
power decline rate at 5%. Mer the commencement of operation 
of Unit No. 2 in 1990, however, the reservoir pressure decreased 
and thus the power decline rate sientficantly increased h m  5% 
to 27%. 

Fig. 2-4 and Fig. 2-5 show tendencies of a well productivity 
decline and a pressure decrease calculated using a wellbore 
simulator. The reservoir pressure around well H-14 was 
estimated to decrease by 0.6 MPa due to the increase of total 
production rate from 41 1 k g / m  to 600 kg/sec. in 1990. This 
pressure decrease brought the immediate power output decline 
firm 4 MW to 1.5 MW once the exploitation for Unit No. 2. had 
started. 
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Fig. 2-2 Temperature profile of well H-14 

Fig. 2-2 shows the temperature profile change of this well h m  
1979 until 1990. Before the development, the initial formation 
temperature at the bottom was about 270°C. According to the 
results of well loggings canied out under discharging condition 
in 1984,1988 and 1990, the temperature of the feed point (liquid 
phase at the depth 1,169 m) dropped by 20°C, from 250°C to 
230°C. The temperature drop for the first 1 1 years after the 
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Fig. 2-3 Chloride ion concentration in the reservoir fluids of 
well H-14 
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Fig. 24 Decline of productivity of well H-14 after the 
exploitation for Unit No. 2 in 1980 
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Fig. 2-5 Measured feed temperature and simulated reservoir 
pressure of well H-14 

The drilling of the directional production well H-2 1 to a depth of 
1,839 m was completed in 1984. The bottom hole is located 
1,800 m nearly below the power plant, and reached the 
geological basement (granitic and metamorphic rocks) at the 
depth of 1,750 m. The result of well loggings carried out in 
1984 under production conditions indicated that there were two 
feed points; one at a depth of 1,300 m and the other at 1,800 m. 
Judging fiom the irregular change of pH and enthalpy in the 
discharged fluid, it was considered that the acid brine water @H 
4) mixed with returned reinjected water occasionally affected th~s  
well at the shallower feed zone. 

Fig. 2-6 shows the change of silica temperature and chloride ion 
concentration in discharged fluids of well H-2 1. Although the 
initial silica temperature and chloride ion concentration were 
270°C and 1,650 ppm, respectively, the silica temperature 
dropped to 260°C and the chloride ion concentration increased 
to 2,400 ppm withm 6 years after the initial discharging. These 
reservoir changes were relatively slower than those before the 
commissioning of Unit No. 2. Once the operation of the Unit 
No. 2 started in 1990, however, the reservoir began to change 
more rapidly, such that the A c a  temperature decreased by 30°C 
to 230°C and the chloride ion concentration increased by 600 
ppm up to 3,000 ppm within the first year. Subsequently, the 
power output of the well declined fiom 6 MW to 1.6 MW, that 
made it ddEcult to connect the well with the steam gathering line. 

1988 1989 1990 1991 1992 1993 In -~~ 

Fig. 2-6 Silica temperature and CI ion concentration of well H- 
21 

To c l a m  the cause of such sigmfkant power decline of well 
H-2 1, tracer tests using sodium fluorescein as a tracer were 
conducted. 
The results revealed that about 100/0 of the water reinjected at the 
well 2HR-2, 200 m away fiom the well H-21, returned and 
mixed with the production fluid of the well H-2 1 (Tokita et al., 
1995). 

Inflow of the reinjected water fiom 2HR-2 greatly caused the 
temperahrre drop of well H-2 1 and it was estimated at as hgh as 
16"C, while the actual temperature drop was 30°C including the 
cooling effects caused by other reinjection wells. Immediately, 
therefore, the reinjection at well 2HR-2 was stopped in April 
199 1 to mitigate the cooling effect. As soon as the reinjection 
with the well had been stopped, it was observed that the silica 
temperature recovered to 240°C and the chloride ion 
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concentration decreased to 2,400 ppm, whch was the same 
value before the start of the Unit No. 2 operation. Naturally, the 
pmduct~vity of well H-2 1 recovered to 4 MW, and that allowed 
to connect the well with the power station again in April 199 1. 

2-3 Well H-22 

The target of the directional production well H-22 drilled to the 
depth of 1,650 m was the Komatsuike Fault, believed to control 
the fluid behavior at the east area of the field. Fig. 2-7 shows 
tern- profiles after completion of the well drilling in 1985. 
These temperature profiles indicate that inflow of reinjected 
water had already mled  a zone at depth from 900 m to 1,200 m. 
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Fig. 2-7 Temperature profiles of well H-22 

The results of tracer tests made clear that some reinjected water 
circulated into the production area along the Komatsuike Fault, 
and some others flew along the Komatsuike Subfault. 
According to the results of well loggings carried out under 
production conditions, the temperature of fed liquid at 258°C in 
1988 dropped to 252 "C in 1990. 

2-4 Well 2H-12 

The directional production well 2H- 12 was dnlled to a depth of 
1,500 m, targeting the southeastern area of Komatsuike Subfault 
and an ME-SW trending fault close to Mt. Goto. The high 
temperature fluid is believed to ascend from deep levels in the 

southeastern area of the field. Fig. 2-8 and Fig. 2-9 show the 
history of power output and the change of well characteristics of 
the well 2H- 12. At the beginning of its production in 1985, the 
discharged fluid was almost steam with a steam production rate 
of 14 kg/sec. as against a water production rate of only 0.6 
kg/sec. Both the steam and water production rates gradually 
increased in a year after the start of production. Namely, the 
steam reduction rate increased to 22 kg/sec. and water 
production rate to 20 kg/sec. Therefore, the power output 
increased by 5 MWkom 7 MW to 12 MW in 1986. 

Year 

Fig. 2-8 History of production rate and power output of the 
well 2H-12 

The continuous discharge of the well is considered to improve 
permeability of the formation around the well, which increased 
productivity greatly. M e r  1988, however, the productivity 
began to decline, and the power output derated to 8 MW 
because of the reinjected water milow. Within a half year after 
the start of the Unit No. 2 operation, the steam production rate 
increased to 21 kg/sec., while the water production rate 
markably decreased to 0.33 kg/sec. Consequently, the power 
output recovered to 11 M W  in this period. These phenomena 
were thought to denve iknn vaponzation in the reservoir induced 
by a rapid pressure drawdown. 

The pressure drawdown after starting exploitation for Unit No. 
2 has been monitored with a capillary tubing system at the 
observation well 2H-11,700 m away from the well 2H- 12 in the 
southeastem 8re8 According to the pressure monitoring data of 
well 2H- 1 1 as Fig. 2- 1 0 shows, the reservoir pressure decreased 
by 0.4 MPa from 3.7 MPa to 3.3 MPa within the first 2 years 
after the start of Unit No. 2 operation. 

Pressure drawdown in the reservoir was also suggested by an 
increase of non-condensable gas concentration in discharged 
fluid of the well 2H- 12. It doubled to as much as 4.102 weight 
% within the first 2 years. Based on the results of wellbore 
simulations, it was estimated that the reservoir pressure 
decreased by 2 MPa and the temperature by 26°C in these 2 
years. 

The silica temperature drop 50°C from 280°C to 230°C from 
199 1 also suggests that the reinjected water had returned to the 
southeastem production area within a year after the start of Unit 
No. 2 operation. The decline rate of the power output was 16% 
per year after initial exploitation for Unit No. 2. 
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3. TENDENCY OF IZESERVOIR CHANGES 
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Fig. 2-9 Producfjvity change of the.well2H-12 
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The exploitation at the southeastern production area for Unit No. 
2 widely influend the pressure and temperature distribution in 
the reservoir, includmg the production area for Unit No. 1. As 
shown in Fig. 3-1, the reservoir has been dvided into three 
regions from the viewpoint of the kind of mfluence, such as 1) 
cooled region due to &ow of reinjected water, 2) cooled region 
with pressure drawdown, and 3) pressure decreased region. 

The pressure distribution at the early stage of the development 
was believed to be simpler. The initial pressure in production 
zone was hgher than that in reinjection zone, reflecting the 
topography of the field. However, the pressure began to 
decrease in the production zone, whle increase in the reinjection 
zone after the start of plant operation. Consequently, the 
changed pressure distribution tended to induce the milow of the 
reinjected water to the production zone fiom the reinjection zone. 
In particular, the start of Unit No. 2 operation accelerated the 
mflow of reinjected water to the production zone for Unit No. 1. 
That is why the total power output declined by 20 MW fiom 1 10 
MW to 90 MW within the first 2 years after the commencement 
of No. 2 Unit operation. 

4. CONCLUSIONS 

The results of well characteristics tests and well loggings 
conducted at the wells H- 14, H-2 1, H-22 and 2H- 12 helped us 
understand the reservoir changes before and after the start of 
Unit No. 2 operation. Before exploitation for Unit No. 2, the 
temperature of the production zone for Unit No. 1 had already 
dropped by 40°C h m  270°C to 230°C withm the first 1 1 years 
after the reinjection started in 1977. In h s  period, the power 
output of Unit No. 1 declined by 3 to 4 MW (about 6 %) every 
year because the reservoir had been cooled down by inflow of the 
retuned reinjected water. 

Furthermore, it began to decline by 7 or 8 MW (about 14%) 
every year, reflecting the accelerated temperature drop and the 
simicant pressure decrease after the start of production and 
reinjection for Unit No. 2. it was estimated that the reservoir 
pressure in the production zone for Unit No. 2 decreased by 2.0 
h4Pa because of the start of the production, and it induced the 
pressure decrease of 0.6 MPa in the production zone for Unit 
No. 1. 

It is important to carry out periodical well tests such as well 
characteristics tests, well logging and tracer tests for the 
reservoir monitoring and management. Based on the results of 
these well tests, a strategy is presently under trial to stop the 
reinjection close to the production zone, and move the main 
reinjection zone to the north, to avoid cooling of the production 
zone. 

Fig. 2-10 Pressure decrease of the observation well 2H-1 I 
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Fig. 3-1 Reservoir classification from the viewpoint of effects of reinjection and production for Unit No. 2 
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