
PROCEEDINGS, Fourteenth Workshop on Geothemal Reservoir Engineering 
Stanford university, Stanford, CaUornia, January 24-26,1989 
SGP-TR-m 

NEDO’S PROJECT ON GEOTHERMAL RESERVOIR ENGINEERING: 
A RESERVOIR ENGINEERING STUDY OF THE 
SUMIKAWA GEOTHERMAL FIELD, JAPAN 

Y. Kawano and H..Maki 
New Energy and Industrial Technology 

Development Organization 
Tokyo, Japan 

T. Ishido 
Geological Survey of Japan 

Tsukuba, Japan 

Y. Kubota 
Mitsubishi Metal Corporation 

Kazuno, Japan 

INTRODUCTION Simulator Development 

al correlations. 

have been tested 
and also against 
sing older proven 
the various test 
reliability of the 

Figure 1. NED0 project schedule. 



The Kirishima study began in 1984 with the 
completion by KED0 of two deep observation 
wells in the field. Pressure observations have 
been made using these wells as well M six other 
preexisting wells drilled by the field developer. 
Results obtained from the Kirishima study have 

. been summarized by Kitamura, et 41. (1988) and 
Maki, et  a / .  (1988s). The Sumikawa study 
started in 1985; as at Kirishima, two deep wells 
were first drilled for the purpose of pressure 
observations. Long-term pressure observations 
have been found to be very useful; at Kirishima, 
a total of eight observation wells have been 
instrumented and have recorded the response to 
a multi-year history of production and Weetion 
operations at the field on a year-round basis. 
The locations of the various K i r i s h i  wells are 
shown in Figure 3 and the character of the 
discharge/iqjection/observation history is indicated 

' in Figure 4. Results of pressure monitoring 
experiments at Sumikawa are discussed below. 

Modeling and Simulation 

Numerical reservoir simulation studies have been 
carried out to try to understand the reservoir 
mechanics in the selected geothermal fields (see, 

Figure 2. Locations of model geothermal fields. for example, Maki, et al., 1988a; 1988b). These 
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Figure 3. Map of the Kirishima geothermal field. 
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Figure 4. Kirishima pressure interference test 
schedule. 

studies were based upon available analyses of 
well-test  measu remen t s ,  geological  d a t a ,  
geophysical survey results and other pertinent 
infomation. Simulations of this type are carried 
out in an iterative manner, varying the values of 
the  var ious  unknown p a r a m e t e r s  in t h e  
mathematical model t o  maximize agreement 
between measurements and calculated results. 
These calculat ions a re  t ime-dependent  in 
character but are carried forward for long periods 
of time so that  a nearly steady natural-state 
representation is obtained. Adequate matches 
both for the (essentially steady) natural state of 
the system and for any documented transient 
behavior (such as long-term pressure transient 
testing and/or production history) are sought in 
this iterative procedure. 

Once an internally consistent model of t h e  
reservoir in its natural state has been obtained 
which represents the known facts about the 
reservoir, a series of calculat ions may be 
performed t o  es t imate  the  response of t h e  
reservoir to a variety of alternative development 
strategies. Sensitivity studies are also performed 
t o  evaluate the  reliabil i ty of t h e  result ing 

exploration studies in the general vicinity since 
1965. This early exploration program involved 

I 5, the 
nvesti 
the completion of five additional 

sistivity survey. The results of 
surveys made it clear tha t  Sumikawa was a 
promising field. A t  this  point,  MMC (in 
collaboration with MGC - Mitsubishi Gas 
Chemical Corporation) initiated a new exploration 

program which focused specifically on the  
Sumikawa field, and drilled the four deep 
“S-series” IS-1, S-2, S-3 and S-4) wells between 
1980 and 1984. Results of this drilling program 
indica ted  t h e  presence of a s u b s t a n t i a l  
underground two-phase flow region in the 
southern part of the field. 

As discussed above, Sumikawa was selected by 
NEDO as one of its “model” fields in 1985. 
K E D 0  drilled two additional wells in the area in 
1985-1986. Meanwhile, another related NEDO 
project was ca;ried out a t  Sumikawa which 
involved the completion of the deepest well in 
the field (well SN-7D; 2486 meters) in 1987. As 
a consequence of these exploratory programs, a 
reasonably self-consistent picture of the geology 
and hydrology of the reservoir at Sumikawa is 
emerging. The present understanding of the 
system has been summarized by Kubota (1988) 
and also by Pritchett ,  e t  of. (1989) a t  this 
Workshop. 

PRESSURE INTERFERENCE 
MEASUREMENTS AT SUMIKAWA 

As Figure 5 shows, extensive discharge tests were 
performed at Sumikawa in 1986 and again in 
1988. Although these tests were significantly 
shorter in duration than those at Kirishima, 
several interesting signals were recorded. Figure 
6 indicates the locations of the wells involved. 
The fvst test entailed the three-month discharge 
of deep well S-4 in the autumn of 1986; the 
separated liquid component was reinjected into 
nearby (relatively shallow) well S-2. Four shut- 
in observation wells (KY-1, KY-2, s-3 and 0-5T) 
were equipped with downhole capillary-tube 
pressure gauges. No signals attributable to the 
discharge test were observed in wells KY-2, S-3 
or O-ST, but a substantial response was detected 
in deep well KY-1, which lies about  one 
kilometer north of S-4 (see Figure 7). Analyses 
of this interference signil (Maki, et a/., 1988~; 
Pritchett, et al., 1989) suggest the presence of a 
deep permeable channel oriented north-south at 
Sumikawa. 

Figure 5. 
schedule. 

Sumikawa pressure interference test 
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Figure 6. Map of the Sumikawa geothermal area. 

experiments have been performed. In autumn 
1988, five wells (SA-1, SA-2, SA-4, S-4 a n d  
SN-ID were discharged at  various times and six 

were used for reinjection at  one time or another. 
Downhole pressure observations were made  in 
wel ls  S N - ? D ,  S -4 ,  S - 3 ,  K Y - 1  a n d  K Y - 2 .  
Analyses of the  most recent tests a r e  not yet  
complete; the  results will be published in t h e  
near future. 

MODELING STUDIES OF THE 
SUMIKAWA FIELD 

- wells 2SB-1, SB-2, SB-3, S-2, SN-8R and KY-2) 

i t 
5 
5 - 
4 
4. 

a b  
%\ 

'$ 
I8 - 
c 

88 - 

- 58 - , 

"SING-2" numerical reservoir simulator is being 
carried out t o  t ry  t o  understand the  Sumiksws 
field in the natural state. Preliminary work was 
restricted t o  a two-dimensional vertical-section 



\ 
of each model involved a n  extensive series of 
calculations to  attain adequate agreement between 
computational results and  field measurements .  
Sensitivity studies have been carried out t o  t ry  
to estimate the reliability of t he  computational 
model .  T h e  b e s t  m o d e l  d e v e l o p e d  so f a r  
reproduces observed temperatures and :pressures 
reasonably well; Figure 8 compares computed and 
measured pressures in the  central  area of t h e  
field. The computational model will be further 
refined in the future as more field da t a  become 
available. 
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permi ts  reservoir  s tud ie s  t o  proceed beyond 
calculations of the natural state; history-matching 
calculations of the production phase will also be 
attempted. These calculations will incorporate 
representations for the effects of the fault zones 
and of the C02 gas in the system. 
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F igure  8. 
profiles in the Sumikawa field. 
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