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THE YBM DEVELOPMENT OF A HIGH-TEMPERATURE/HIGH-PRESSURE
GEOTHERMAL LOGGING SYSTEM
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ABSTRACT

An ingenious geothermal-well logging
system based upon simultaneous real-time
high-temperature/high-pressure operations
has been developed by YBM (Yoshida Boring
Machine Manufacturing Co., Ltd.) in
cooperation with a Research Group from
Kyushu University.

The logging system was tested up to
a maximum of 330°C and 340 kgf/cm2 in an
autoclave installed to test the sealing
system for various joints of the probe
in high temperature/high pressure water
conditions, under conditions indentical
with that of deep high-temperature geo-
thermal wells, with corrections being made
in the pressure values caused by tempera-
ture changes in the pressure transducers.
Data acquisitions are made, and correction
systems are operated automatically by the
use of a microcomputer.

1. INTRODUCTION

Logging probes for geothermal wells
are normally used up to 260°C in real time
and simultaneous (temperature and pressure)
measuring systems. In Japan, many geother-
mal wells have been drilled in depths up to
2,000 meters. Some have attained 3,000
meters in depth. The temperatures measured
have frequently gone higher than 260°C, and
at times have exceeded 300°C at the deepest
points in the geothermal wells (MIYAIRI and
ITOH, 1985) .

Back in 1984, YBM and its cooperative
team commenced the planning and began to
develop a high-temperature/high-pressure
simultaneous logging system which could be
applied in a well 3,000 meters deep, filled
with a high temperature geothermal fluid.
In the early stages of the program, it was
most important and crucial to select a
pressure transducer operable at 330°C or
more, and 7-conductor cable operable under
these high-temperature/high-pressure
conditions. Much of the time was spent on
lengthy tests in an autoclave which creat-
ed conditions corresponding to that of a
deep geothermal well of 3,000 meters in
depth.
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The main purpose of the test facilities was:

i) to simulate geothermal wells (up to
3,000 meters in depth) in the laborato-
ry,

ii) to calibrate the pressure transducers,
iii) to check leakages of water in the many

connecting seals of the sensor probes
and cable heads under high-temperature/
high-pressure water conditions, and,

iv) to check/inspect the completed logging
probes.

The autoclave was designed to obtain
high-temperature/high-pressure water condi-
tions of a maximum of 350°C and 350 kgf/cm2
by using a 9 KW sheathed electric heater.

The pressure transducer (strain gauge
type) for calibration (monitoring) was con-
stantly being checked severely with Bourdon
tube pressure gauges.

3. TEMPERATURE AND PRESSURE GAUGES

2. TEST FACILITIES

At the intial stage of development in
the logging system, the test facilities,
consisting mainly of the autoclave
connected with the data acquisition system
was positioned in a bore hole, 3.5 meters in
depth and 60cm in diameter, for reasons of

It is most important to select opti-
mum sensors for high-temperature/high-
pressure water conditions in deep geothermal
wells.

i) Thermometers :
A platinum wire-resistance thermometer

was chosen to measure the temperatures be-
cause of its high accuracy and reliability.
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Table 1. Calibration data for a pressure transducer
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Fig.2. Full analogue calibration records
for a pressure transducer.

This type of gauge is commonly used for
measuring temperature in bore holes
(USHIJIMA et.al., 1975, HOWARD et. al.,
1979)

ii)Pressure gauges :
Two different types of pressure

gauges were tested in the autoclave to
introduce our logging system. They were
both sputtered strain gauge pressure
transducers. One was operable up to 343°C
and 350 kgf/cm2 water conditions/ the other
was a newly developed one which has been
tested repeatedly to ascertain maximum oper-
able pressure/temperature conditions and
other properties.

At present, the former has been used
in the logging probes. All gauges introduc-
ed were compensated, using temperature rang-
es from room temperature up to 340°C, in the
autoclave.

Table 1 shows a part of the printed-
out data. Rec. No. 1342 reveals a tempera-
ture exceedung 330°C and a pressure of 335
kg/cm2 respectively. The pressure reaches
a maximum of 342 kgf/cm2 at Rec. No. 1358,
although the temperature record is reduced
by the convection of heated water in the
autoclave. Figure 2 shows one of the full
analogue records from the start to the end
of the calibration. It takes about 10 hours
to get up to 330°C.

As mentioned previously, the pressure
values revealed by the monitoring gauge
(strain gauge pressure transducer) were
strictly checked by Bourdon tube pressure
gauges read through a transit theodolite
(made by NIKON) from an observation room.

4. LOGGING SYSTEM

The system is composed primarily of a
logging probe, a seven-conductor cable, a
data acquisition unit, a winch-mounted
four-wheel-drive truck, a head sheave and a
guide pully etc. (Fig. 3).

i) Logging Probe :
The logging probe is divided into two

parts, the cable head and the sensor unit.
The cable head was designed to prevent the
penetration of water from the connecting
system between the 7-conductor armoured
cabie and the cable head under high-
temperature/high-pressure water conditions.
After lengthy and repeated tests in the
autoclave, it was confirmed that the conn-
ecting system was acceptable and in perfect
working condition.

The sensor unit installs the platinum
wire-resistance thermometer and the sputt-
ered strain gauge pressure transducer at
the end of the unit with a protector.

Specifications of the logging probe
are listed as follows:

Cable head
Sensor unit
Total length
Diameter
Weight

Measuring range
Temperature
Pressure

1,480 mm
1,645 mm
3,125 mm

80 mm
75 kg

0 - 330°C
0 - 340 kgf/cm2

ii) Seven-Conductor Cable :
YBM newly developed a 7-conductor PTFE

Teflon sheathed cable in co-operation with
TEW & C Co., Ltd. and NE Co., Ltd. Many
types and makes of PTFE sheathed cables were
manufactured for the high-temperature/high-
pressure tests in the autoclave.

Satisfactory results were obtained
after two and half years of effort in rese-
arching and developing the cable. We notic-
ed during these repeated tests, that water
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Photo.1. Cable winch mounted 4-wheel drive truck.

penetrated into the PTFE Teflon sheathed
cable from the surface of the PTFE Teflon
sheath itself at temperatures of between
190 and 210°C. This barrier was also fina-
lly overcome.

iii) Data Acquisition Unit :
The data acquisition system is schema-

tically shown in Figure 4.

iv) Cable Winch Mounted Truck :
The hydraulic winch, with line speeds

from 0 to 30 meters per minute and cable
capacities up to 3,000 meters of 10 mm
cable, is mounted on the 4-wheel drive truck
(Photo.1). Power for hydraulic winch is
derived from the truck engine through PTO.

v) Head Sheave and Guide Pully :
The head sheave is composed of a frame-

work of a half-circle, 2 meters in diameter,
and sheaves of 10 cm in diameter equipped in
a half circumference to reduce the weight
of the large diameter sheave as much as
possible. The structure and size of the
guide pully is the same as the head sheave.

The completed YBM logging system has
been tested in geothermal wells in the
island of Kyushu. Several problems occuring
in real geothermal wells has been already
solved and a simultaneous logging data
such as shown in Fig 5 has been obtained
in real-time.
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Fig.5. Logging data from a real geothermal

well in the Island of Kyushu.

5. SUMMARY

The YBM Geothermal Logging System has
been completed in co-operation with Profe-
ssors T.Ito, K.Ushijima and their staffs
(Research Group of Kyushu University).
The logging system has been in actual
performance on job sites in the Hacchobaru
Geothermal Field in which the Hacchobaru
Geothermal Electric Power Plant II is new
under construction by the Kyushu Electric
Power Co., Ltd.
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