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THE YBM DEVELCPMENT CF A H GH TEMPERATURE/ H GH PRESSURE
GEOTHERVAL LOGE NG SYSTEM
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ABSTRACT

An ingeni ous geot hermal -wel | |oggi ng
system based upon simul taneous real -tine
hi gh-t enper at ur e/ hi %h- pressure operations
has been devel oped by YBM (Yoshida Boring
Machi ne Manuf acturing Co., Ltd.) in
cooperation with a Research Goup from
Kyushu University.

The |ogging systemwas tested up to
a maxi num of 330°C and 340 kgf/cn2 in an
autoclave installed to test the sealing
system for various joints of the probe
in high tenperature/hi gh pressure water
conditions, under conditions indentical
with that of deep high-tenperature geo-
thermal wells, with corrections being made
in the pressure val ues caused by tenpera-
ture changes in the pressure transducers.
Data acquisitions are made, and correction
systens are operated automatically by the
use of a m croconputer.

1. I NTRCDUCTI ON

Loggi ng probes for (zqeot hermal wells
are nornally used up to 260°C in real time
and sinul taneous (tenperature and pressure)
neasuring systems. In Japan, mnany ﬁeot her -
mal wells have been drilled in depths up to
2,000 neters. Sone have attained 3,000
meters in depth. The tenperatures nmeasured
have frequently gone higher than 260°C, and
at times have exceeded 300°C at the deepest
points in the geothernal wells (MYAR and
| TOH, 1985) .

Back in 1984, YBMand its cooperative
t eam comrenced the planning and began to
devel op a hi gh-tenperat ure/ hi gh-pressure
si nul t aneous | oggi ng system whi ch coul d be
applied in a well 3,000 meters deep, filled
wth a high tenperature geothermal fl uid.
In the early stages of the program it was
nmost inportant and crucial to select a
pressure transducer operable at 330°C or
nmore, and 7-conductor cable operabl e under
these hi gh-tenperature/ high-pressure
conditions. Mich of the tinme was spent on
lengthy tests in an autocl ave whi ch creat-
ed conditions corresponding to that of a
deep geothernal well of 3,000 neters in
dept h.

2. TEST FACLITIES

At the intial stage of devel oprent 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 neters in

depth and 60cmin dianeter, for reasons of
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The main purpose of the test facilities was:

i) to sinulate geothernmal wells (up to
3,000 rmeters in depth) in the |aborato-

ry,
to calibrate the pressure transducers,
) to check |eakages of water in the many
connecting seals of the sensor probes
and cabl e heads under hi gh-tenperature/
hi gh-pressure water conditions, and,
iv) to check/inspect the conpleted |oggi hg
probes.

—_—

The autocl ave was designed to obtain
hi gh-t enper at ur e/ hi gh- pressure water condi -
tions of a maxi numof 350°C and 350 kgf/cn?
by using a 9 KWsheathed el ectric heater.

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

3. TEMPERATURE AND PRESSURE GAUGES

It is nost inportant to select opti-
mum sensors for hi gh-tenperat ure/ high-
prlelssure wat er conditions in deep geothernal
well's.

i) Thernoneters : )

A ﬁl at i num wi re-resi stance thernonet er
was chosen to measure the tenperatures be-
cause of its high accuracy and reliability.
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Table 1. Calibration data for a pressure transducer

HEl; Lirn P. Ttnp PRI M PRQ PRESSURf
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11;2 1.103‘1 9. 8720 15.816 253,175
1 1.1058 2.8253 L5 931 257,525
L. 1065 ‘9. B7 28 16. 063 262. 000
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1194 Lolkre 5.8908 16,662 271.175
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'1?1140 11123 7.8943 17. 300 285988
1.1102 59023 17,489 281500
1218 1.1092 5.8991 17.605 285.725
1222 1.1125 3.6972 17.772 268. 225
1226 1.1129 9.9020 17.949 290,930
1230 1.LLdg 7.50%0 1fi.o88 293. 036
1231 1. Li2a 9.9233 18,243 295. 512
1238 1.1145 «.9033 18.360 297.125
1242 1.1126 +.9141 18,511 299. 538
11323 1. 1127 9.9171 18.705 302. 563
1250 1.1142 9.9110 18011 304.713
1254 1.11-15 7.9162 19.007 307.063
1258 1.1186 99148 19,108 209,725
1262 1.1162 5.9153 19.333 312,037
1200 1.1160 9.9182 19. 401 311, 260
b 1.1162 4.9271 19. £30 316.537
e 1.1171 9.9222 19. 796 319.212
1218 1.1181 7.9252 1?2 1\ 1 SM >36
1.1190 S.9297 1 wn 311. 462
iggg boi187 95306 20337 378.175
1.lz02 9.9255 20. 4570 32%.862
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1.1201 S. 9380 10,341 326.775
1330 1.1206 %.9403 19,387 311. 825
1314 1.1192 v.9352 19507 314280
131£) 1.1207 9.2556 L L B BN | 3.18.087
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1326 1.1233 99148 20. 178 523,637
1330 1.1219 9.9.147 so. 113 326.500
1334 1wz 99480 0. A 328,600
1333132 1.1270 %9490 20.8634 331350
1.1246 9.9517 M. 121 332. 73(1
1346 1. 1250 9.9453 70 .8%2 315,150
L350 L.1258 F.9549 ] 357,250
1354 1.1246 9. 9601 11a»l 339. 675
1358 1.1244 9.9600 21.35S 342.362
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Fig.2. Full analogue calibration records
for a pressure transducer.

This type of gauge is comonly used for
measuring tenperature in bore holes
(USH JIMA et.al ., 1975, HOMRD et. al .,
1979)

ii)Pressure gauges

Two different
gauges were tested in
i ntroduce our 1ogging
both sputtered strain
transducers. One was
and 350 kgf/cn2 water conditions/ the other
was a newl y devel oped one which has been
tested repeatedly to ascertain maxi mnum oper-
abl e pressure/tenperature conditions and
ot her properties.

At present,
in the |ogging probes.
ed were conpensated,
es fromroom tenperature up to 340°C,
aut ocl ave.

Table 1 shows a part of the printed-
out data. Rec. No. 1342 reveals a tenpera-
ture exceedung 330°C and a pressure of 335
kg/cnm2 respectively. The pressure reaches
a maxi num of 342 kgf/cn2 at Rec. No. 1358,
al though the tenperature record is reduced
by the convection of heated water in the
autocl ave. Figure 2 shows one of the full
anal ogue records fromthe start to the end
of the calibration. It takes about 10 hours
to get up to 330°C.

types of pressure

the autoclave to
system They were
gauge pressure
operable up to 343°C

the former has been used
Al'l gauges introduc-

using tenperature rang-

in the
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As mentioned previously, the pressure
val ues reveal ed by the nonitoring 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. LOGGI NG SYSTEM

The system is conposed primarily of a
| oggi ng probe, a seven-conductor cable, a

data acquisition unit, a w nch-nmounted
four-wheel -drive truck, a head sheave and a
guide pully etc. (Fig. 3).

i) Logging Probe :

The | ogging probe is divided into two
parts, the cable head and the sensor unit.
The cabl e head was designed to prevent the
penetration of water from the connecting
system between the 7-conductor arnoured
cabi e and the cable head under high-
tenmper at ure/ hi gh-pressure water conditions.
After lengthy and repeated tests in the
autoclave, it was confirnmed that the conn-
ecting system was acceptable and in perfect
wor ki ng condi tion.

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

Speci fications of the 1ogging probe

are listed as follows:
Cabl e head 1,480 mMm
Sensor unit 1,645 mm
Total length 3,125 mm
Di amet er 80 mMm
Wei ght 75 kg
Measuring range
Tenperature 0 - 330°C
Pressure 0 - 340 kgf/cn2
ii) Seven-Conductor Cable

YBM newly devel oped 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
manuf actured for the high-tenperature/high-
pressure tests in the autoclave.
Satisfactory results were obtained

after two and half years of effort in rese-
arching and devel oping the cable. W notic-
ed during these repeated tests, that water
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Phot o. 1.

Cabl e wi nch nounted 4-wheel drive truck.
penetrated into the PTFE Tefl on sheat hed
cable fromthe surface of the PTFE Teflon
sheath itself at tenperatures of between
190 and 210°C. This barrier was also fina-
Ily overcone.

iii) Data Acquisition Unit
The data acquisition systemis schema-
tically shown in Figure 4.

iv) Cable Wnch Munted Truck

The hydraulic winch, with |ine speeds
fromO to 30 neters per minute and cable
capacities up to 3,000 neters of 10 mm
cable, is nounted on the 4-wheel drive truck
(Photo.1). Power for hydraulic winch is
derived fromthe truck engi ne through PTO

v) Head Sheave and Cuide Pully
The head sheave is conposed of a frane-
work of a half-circle, 2 neters in dianeter,
and sheaves of 10 cmin dianeter equipped in
a half circunference to reduce the wei ght
of the large dianeter sheave as nuch as
possible. The structure and size of the
guide pully is the sane as the head sheave.
The conpleted YBM | oggi ng system has
been tested in geothernmal wells in the
island of Kyushu. Several problens occuring
in real geothermal wells has been already
solved and a sinultaneous | ogging data
such as shown in Fig 5 has been obtai ned
inreal-tine.
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Fig.5. Logging data froma real geothermal

well in the Island of Kyushu.

5. SUMVARY

The YBM Ceot hermal Loggi ng System has
been conpleted in co-operation with Profe-
ssors T.lto, K Ushijinma and their staffs
(Research Goup of Kyushu University).

The | oggi ng system has been in actual
performance on job sites in the Hacchobaru

Ceothernmal Field in which the Hacchobaru
CGeothermal Electric Power Plant Il is new
under construction by the Kyushu Electric
Power Co., Ltd.
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