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1. Introduction

Melting of pure materials provides us with
the most reliable temperature measurements in
high temperature boreholes drilled in geother-
mal systems. Several pure materials were ap-
plied to determine the temperature at the
bottom of well WD-1a (Sasada et al., 1993 ;
Uchida et al., 1996) at the Kakkonda geother-
mal system. The melting of metal tellurium
(Te) indicates that the highest temperature in
WD-1la exceeds 449°C. Measurement tech-

niques and data interpretation are described in
the following chapters.

2. The deep geothermal well WD-1a
at Kakkonda

Kakkonda is'one of the most productive geo-
thermal fields in northern Honshu, where 80
MW geothermal power plants are currently in
production (Fig. 1). Geothermal fluids are pro-
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duced mainly from a reservoir shallower than
1,500 m, and were also recently discovered in
deeper levels around the high-temperature
Quaternary age pluton (Kato and Sato, 1995 ;
Doi et al., 1995).

WD-1a was drilled to the depth of 3,729 m in
June, 1995 (Fig. 2). It penetrates the granitic
rocks at a depth of 2,860 m. Several types of

130°E

U\ Tokyo

-2
- =3

<
%
°n
™
%l
/ 1
p? 1

Fig.1 Location of the Kakkonda geothermal field,
northern Honshu, Japan.
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Fig. 2 Temperature profile of WD-1a
*: Standing time after fluid circulation
Data from Yagi, et al. (1995), Uchida et al.
(1996) and Kato et al. (1996).

temperature measurement systems were ap-
plied to the deepest levels. A maximum tem-
perature of 414°C was measured at 3,500m
using a Kuster temperature gauge. Moreover,
temperatures greater than 414 °C, which is the
limit of the gauge, were confirmed at 3,600 m
and 3,690m. The temperature measurements
at the bottom of the borehole was attempted
using both pure materials and melting tablets
(Yagi, et al., 1995 ; Kato et al., 1996).

3. Pure material melting method

The principle behind this method is simple,
vet the reliability is high compared to other
conventional methods. Pure materials of
metal lead (purity :99.999% ; melting point:
327°C), potassium dichromate (purity : 99.99% ;
m.p. : 398°C), metal zinc (purity : 99.999% ; m.p.
: 419°C) and metal tellurium (purity : 99.9999% ;
m.p. : 449°C) were enclosed in Pyrex™ capillary
tubes filled with nitrogen gas to preserve the
materials from oxidation (Fig. 8). Prior to the
downhole measurements the melting behavior
of these materials were observed with a micro-
scopic heating stage in both nitrogen gas and
air ambience. The melting behavior of lead,
potassium dichromate and tellurium is quite
sharp. Smoothly-curved surfaces on these
three materials were easily observed on melt-
ing. In contrast, melting behavior was not ob-
served in zinc at its melting point in air, with
only a change of the color observed on the
surface. However, very sluggish melting be-
havior of zinc was observed around its melting
point in the nitrogen gas. Thus, all the four
materials are applicable to temperature meas-
urements when enclosed in nitrogen-filling
tubes, although melting behavior of zinc is not
as sharp.

4. Downhole measurements

The above described pure materials were in-
stalled in a steel vessel. The vessel was sealed
and lowered to the depth of 3,700 m in WD-1a.
Downhole measurements were carried out
twice on July 23 and 24, 1995. The first meas-
urement was performed 129 hours after fluid
circulation in the borehole was stopped, and
the second one 159 hours after. The first
vessel was filled with nitrogen gas and the
second with air. All the pure materials in the
vessel were melted on-both the runs (Fig. 3).

The melting point of pure materials is also
dependent on pressure. The inner pressure of
the vessel is not hydrostatic, but is estimated to
be from the characteristic equation for gases,
since the pure materials are placed in gases
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Fig.3 (a) The pure materials before downhole
measurement.
The four kinds of pure materials, lead (Pb),
potassium dichromate (K,Cr.Oy), zinc (Zn)
and tellurium (Te) are placed in fused silica
capillary tubes filled with nitrogen gas.
(b) The pure materials after downhole
measurement.
The rugged lumps of lead and zinc are more
rounded, and their surfaces became smooth
after the downhole measurement. The inner
wall of the zinc tube is coated by dark
material. All the tellurium and a con-
siderable amount of potassium dichromate
moved to the corner and filled the inner
spaces of the tubes. All of these changes of
the pure materials indicate melting.
Graduated measure in mm.

completely enclosed by the steel vessel. The
pressure in the vessel at 449°C is calculated to
be approximately twice atmospheric pressure,
thus the pressure correction is negligible for

the melting point determination.

Based on metal tellurium’s melting point, the
maximum temperature of well WD-1 a exceeds
449 °C. This is the highest drillhole tempera-
ture determined with high reliability in ex-
ploited geothermal areas in the world. The
previous record in geothermal drillholes was
419 °C, which was determined by the melting of
zinc in San Vito, Italy (Bruni ef al., 1983).

Acknowledgments

The authors thank Dr. Robert W. King, STA
Fellow, Geological Survey of Japan and an
anonymous reviewers for their critical reading
of the paper.

References

Bruni, P., Chelini, W., Sbrana, W. and Verdiani, G.
(1983) European Geothermal Update. Ex-
tended Summaries, 457-466.

Doi, N, Kato, O., Kanisawa, S.and Ishikawa, K. (1995)
Neo-tectonic fracturing after emplacement
of Quaternary granitic pluton in the
Kakkonda geothermal field, Japan. Geotherm.
Resour. Council Trans., 19, 297-303.

Kato, O. and Sato, K. (1995) Development of deep-
seated geothermal reservoir at the
Kakkonda geothermal field, northeast
Japan. Resour. Geol., 18, 479-490. (in Japa-
nese with English abstract)

Kato, O., Doi, N,, Ikeuchi, K., Kondo, T., Kamenosono,
H., Yagi, M. and Uchida, T. (1996) Charac-
teristics of temperature curves and fracture
system in Quaternary granite and Tertiary
pyroclastic rocks of NEDO WD-1a in the
Kakkonda Geothermal field, Japan. Proceed-
ings, VIIIth International SYmposium on the
Observation of the Continental Crust Through
Drilling, 241-246.

Sasada, M., Miyazaki, S. and Saito, S. (1993) NEDO’s
Deep-seated Geothermal Resources Survey
at the Kakkonda system, northeast Japan.
Geotherm. Resour. Council Trans., 17, 181-
185.

Uchida, T, Yagi, M., Sasaki, M., Kamenosono, H., Doi,
N. and Miyazaki, S. (1996) Investigation of
deep-seated geothermal reservoir by NEDO
4,000m drilling in Kakkonda, Japan. Pro-
ceedings, VIIIth International SYmposium on
the Observation of the Continental Crust
Through Drilling, 73-78.

— 363 —




Bulletin of the Geological Survey of Japan, Vol. 47, No. 6

Yagi, M., Muraoka, H. and Miyazaki, S (1995) Survey” overview. Geotherm. Resour. Coun-
NEDO “Deep-seated Geothermal Resources cil Trans., 19, 377-382.

ERAMER WD-laliHIcBWTEEF LIVOARICK Y
ko ohickx=iRE 49°C

ERER - EHESE - MBFEX - il B - £HERXR
NARIEE - E2 RRE

E F
HFREERAMBHIRIC 31 T NEDO i & b il & - BByt WD-1a (3,729m) OHERE%:
MPBOBMSEROTAE L., BOTEMECYE 4B (8, T/ v aBRA Y v 4, B, 7V
PEENABHRLEF Y ES ) —RBEAL, VYYFROVATHEEZ THRALLET S, TRTOWEIK
BRBED N, INEDSbRLEVEESTF VD 49CTHBI LMD, WD-la BHETC
OREZEFE->TVWAI L5, ThE CHIBGIH criffs N BERHEN ORI X 5 419C TH
30T, WD-la 3R THEIFVERELTGELLTEHE VLS,

(ZfF: 1996423 H 27 H ; 52FH : 1996 £ 5 F 27 H)

— 364 —



