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ABSTRACT

Sinde 1985, the New Energy and Industrial Technology
Development Organization (NEDO) has continued the
devélopment of Hot Dry Rock power generation in
Hijipri Hot Dry Rock test site, Yamagata prefecture,
Japan, as pat of the Sunshine Project and succeeding
New Sunstine Project sponsored by Agency of
Indystrial Science and Technology (AIST), a branch of
the Ministry of International Trade and Industry(MITI).
Thejobjective of this project is to identify the feasibility
of aiHot Dry Rock power generation system in Japan.

In 1992, hydraulic stimulation was conducted at a depth
between 215 and 2205 m to create a deeper reservoir.
Two| wells wei e deepened to a depth of about 2300 m to
intersect the ¢eeper reservoir, and a three-well HDR
systém was estat lished in 1994. Two circulation test
werd conductec in 1995 and 1996 to estimate the deeper
resefvoir char: cteristics for a future long term
circylation test In this paper, we report productivity of
the three-well sy: tem during the circulation test in 1995.
We kompare the connectivity of both the shallow and
deeper reservoi s. We find that the connectivity of the
deeper reservoir is smaller than that of the shallow
resevolr.

INTRODUCTION

The Hijiori HDR test site is located on the southern edge
of the 2 km diameter Hijiori caldera, which was formed
about 10,000 year: ago. Topographic effect extend
undefground, and th prevalence of fracture groups has a
strik¢ in the east-we:t direction and a dip to the north
side with high angle.

The Hijiori HDR sys em has two reservoirs ( a shallow
reserboir and a deepe reservoirs ) and four wells( SKG-
2, HDR-1, HDR-2 and HDR-3) as shown in Fig.l. As
nothb in Fig. 1, the characteristics of this system are one

injecrion well in the artificial reservoir and two
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production wells, HDR-2 and HDR-3, whch also
intersects the shallow reservoir.

The history of technical development carried out at
Hijiori HDR test site, as noted in Fig. 2, is divided into
two phases. The first phase was conducted from 1985 to
1991, when the shallow reservoir was created at a depth
of about 1800 m and three circulation tests were carried
out( Yamaguchi et al, 1995). In a 90-day circulation test
in 1991, the recovery rate of hot water and steam was
about 78 % and extracted heat energy was about 8.5
MW thermal (Yamaguchi et al., 1992).

In the second phase, aiming at the creation of a larger
scale and hgher temperature reservoir, a deeper
reservoir was formed by hydraulic fracturing at depth of
about 2200 m in 1992. And a larger-scale circulation
system was created until 1994,
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Fig.2 History of the Hijiori HDR test site
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PRELIMINARY CIRCULATION TEST IN 1995
1
r 1995, a short-term circulation test was conducted with %} 30 HDR-3
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'ig. 3(a) Records of injection rate obtained during a
jreliminary circulation test in 1995

Elapsed Time, day
Fig. 3(b) Records of production rate obtained during a
short-termcirculationtest in 1995

After initial high flow rate injection, the pumping was
done at rate of 16.7kg/s( segmentA and C ) or 33.4 kg/s
(' segment B ) during the test. As noted in Fig. 3(b), the
mark of A, B and C indicate the period, when steam and
hot water was produced from the two production wells.
The result of these segments is shown inTable 1.

Productivity of two wells in segment A and segment C
were almost equal. Production from HDR-2 was higher
than that of HDR-3. The summary of the test is shown in
Table 2. The total recovery rate of the test was about
40 %, and the amount of hot water and steam fram
HDR-2 was larger than that from HDR-3. Thus, we think
that the productivity of HDR-2 was higher than that of
HDR-3. But, the total production measured in wellhead




iincluded the water loss from the shallow
reservoir(Tenma et al, 1995). Therefore, we compare
‘with the shallow reservoir and the deeper reservoir using
data from several PTS(Pressure - Temperature -
‘Spinner) logs.

Table 1. Production of HDR-2 and HDR-3 during a
contact flow test of the preliminary circulation test in
1995

Segment A B

Injection | Flow Rate(kg/s) | 16.7 334
(HDR-1) | Total Flow(ton) | 8565 | 25838
Production | Steam (ton) | 625 844
(HDR-2) | Hot Water (ton) | 2066 | 2939 |

Recovery (%) | 314 14.6
Production | Steam (ton) | 564 939
(HDR-3) | Hot Water (ton) | 1442 2368

Recovery (%) | 234 128 236

Table2 Summary of short-term circulationtest

Aug. 6-30, 1995

Period 25 day
Injection(HDR-1) ,  TotalFlow (ton) , 51500
Production Total production (ton) . 13200
(HDR-2) K Recovery (%) K 256
Production Total production (ton) . 6900
{HDR-3) | Recovery (%) | 134

COMPARSION BETWEEN THE SHALLOW
| RESERVOIR AND DEEPER RESERVOIR

As the Hijiori HDR system has two reservoirs, PTS
logging was carried out to evaluate the characteristic of
the deeper reservoir(Miyairi et al., 1996). Also, PTS
logging was periodically conducted in 90-day circulation
test, 1991. The pressure, temperature and flow rate were
measured along the production well. Thus, we obtained
pressure and flow rate from both the shallow and the
deeper reservoirs.

Also, we calculated bottom-hole pressure of the injection
well using the WBHT code(Cremer et al., 1979). In 90-
day circulation test, bottom pressure calculated by
WBHT and wellhead pressure are shown in Fig. 4. As
shown in Fig. 4, bottom pressure is almost about 21 MPa.
And we calculated bottom pressure of injection well in
preliminary circulation test, too. Thus, the relationship

of differential pressure and flow rate measured using by
PTS logging on both the shallow and the deeper
reservoirs are shown in Fig. 5. Here we have differential
pressure, we subtract measured pressure from calculated
bottom pressure. In case of the shallow reservoir, we
used data of the main fracture(Tenma et al., 1994). And,
we used measured pressure at 1900 m depth in the
deeper reservoir. The result are as follows.

1) The connectivity of main fracture of HDR-2 is
almost equal to that of HDR-3 in the shallower
reservoir.

2) Inthe case of the deeper reservoir, the connectivity
of HDR-2 is higher than that of HDR-3.

3) the connectivity of the shallower reservoir is hgher
than that of the deeper reservoi,
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FUTURE TASK

In 1996, a one-month circulation test was carried out
with HDR-1 as an injection well and HDR-3 as
production well. The purpose of this test was to improve
the connectivity of fractures between HDR-1 as the
injection well and HDR-3 as the production well,
because performance of both HDR-2 and HDR-3 were
different. Data were obtained to evaluate the behavior of
the deeper reservoir from these tests. Thus, we are
planning a long-term circulation test of the Hijiori HDR
system to confirm the feasibility of Hot Dry Rock power
generation from the autumn of 2000 until the autumn of
2002.
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