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Abstract

The costs of geothermal exploration are very higbaoise technology is still imported from other ¢ges. The local
business players in the geothermal sector do nat thee ability to compete with global companies.réduce costs, we
need to develop our own equipment with competitiiees. Here in Indonesia, we have started to desigrototype of
temperature logging tools for geothermal prospectireas. This equipment can be used to detect tatope versus
depth variations. To measure the thermal gradigwet,platinum resistor temperature sensor is movedl\s down
along the borehole. The displacement along thehodeés measured by a rotary encoder. This sysseraritrolled by a
16-bit H8/3069F microcontroller. The acquired tengpere data is displayed on a PC monitor usingtad?PyGraphical
User Interface. The system has been already tasted Gunung Pancar geothermal prospect areagoiBo

Abstrak

Perancangan Prototipe Alat Logging Temperatur untuk Area Prospek Panasbumi. Biaya eksplorasi panasbumi
tinggi dikarenakan teknologi yang masih diimporidaar negeri. Akibatnya, pelaku bisnis panasburmii dlalam
negeri sulit bersaing dengan perusahaan asing lbatmmesar. Dalam upaya menekan biaya eksplorasii ka
merancang alat ukur gradien suhu di lubang sunsplekasi panasbumi dengan biaya produksi yangfredgiangkau.
Alat ini berfungsi untuk mengukur peningkatan sug@lagai variasi terhadap kedalaman. Untuk menggtadien
suhu, sensor Pt-100 diturunkan ke dalam lubang ssauara perlahan-lahan. Penambahan kedalaman smssr Pt-
100 diukur menggunakan sensotary encoder. Alat ini dikendalikan sepenuhnya oleh mikrokoterdl6-bit H8/3069F.
Data suhu hasil pengukuran ditampilkan pada layanitor menggunakaGraphical-User Interface dengan bahasa
pemrograman Python. Alat ukur gradien suhu inintelajicoba di daerah prospek panasbumi Gunung@aBogor.
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1. Introduction For example, Kutasov and Eppelbaum [9] have
developed a method for estimation of geothermal

Borehole temperature measurement has already beengradients from a single temperature log. Now déys,

used for many earth science research areas. Ihis a neural network method has also been used for anglyz

important parameter in the analysis of resistivdygs, borehole temperature data [10].

the detection of submarine heat flow [1], the asiglyf

fracture rock formations [2], sedimentary basin In Indonesia, since crude oil production has been

modeling [3-5], and geochemical modeling of declining, the Indonesian goverment is encouragfiregy

formations for the analysis of hydrocarbons majurit use of geothermal energy as a substitute for wifatt,

and for the analysis of climate change [6]. Indonesia has abundant sources of geothernal energy
because of its location right on the Ring of Finatt

Meanwhile, for geothermal exploration, the deteation circles the Pacific Ocean [11]. Geothermal areas ar

of the static formation temperatures from tempeeatu located across the archipelago from Sumatra and- Jav

depth measurements constitutes a crucial taskhfer t Bali to Sulawesi, Maluku, and Nusa Tenggara [12-13]

evaluation of geothermal systems. Temperature-depth

measurements in wells are used to determine the However, the costs of geothermal exploration amy ve
geothermal gradient [7] and the heat flux densg8j [ high [14]. Especially for Indonesia, where the
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technology for exploration and drilling are stithported
from other countries, the costs will be even higfére
local players in the geothermal business will hiass
ability to compete with global companies. To reduce
those costs, we need to develop our own equipmitimt w
competitive prices. Here in Indonesia, we havetestiar
to design a prototype of temperature logging tamwl f
geothermal prospecting areas.

In an area where there is no geothermal manifestati
the normal conductive temperature gradient is al3out
°C/100 m [15]. Meanwhile, in a prospective geothdrma
area, the thermal gradient is several times grahsar
normal. To measure the thermal gradient, a platinum
resistor Pt-100 for temperature sensors is moveehdo
along the borehole. Xet al. 2010 have already used a
Pt-100 temperature sensor for measuring the geutier
gradient in the Shincuan Basin, China [16].

Our system is controlled by the 16-bit H8/3069F
microcontroller manufactured by Renesas Corp.,rlapa
We have used this kind of microcontroller to amptite
complex features that will be built in the futufEhe
measured temperature is displayed on a PC monitor
using a Python Graphical User Interface.

2. Methods

The instrumentation system of the temperature hugygi
tool that we designed is shown in Figure 1. The
microcontroller H8/3069F, as the core of systens ha
one analog input (i.e. temperature sensor) and one
digital input (i.e. rotary encoder).

The temperature sensor used in the system is @@Pt-1
platinum resistor. These kinds of platinum resistan
thermometers are remarkable instruments. In various
forms they operate over the range of —260 °C to @50
with accuracies approaching 1 mK [17]. The Pt-190 i
functioned to measure underground temperature
variations along the borehole. Being a resistance
thermometer, the Pt-100 requires external stimuaitn

the form of a voltage. We use a voltage divider
configuration to stimulate a voltage and the vaitag
amplified by a LM324 device. After that, the amiglif
analog output is converted into digital by a 104ARC
(Analog to Digital Converter) before entering irtte
microcontroller.

The rotary encoder is functioned as a depth seaieag
the borehole because its rotation can be convémted
displacement. For this design, we used a rotargdarc
(E40S6-1000-3-T-24) made in Korea [18]. An intetrup
connection is used by the microcontroller to reeeiv
digital output from the rotary encoder.

The 16-bit H8/3069F microcontroller manufactured by
Renesas Corp (Japan) incorporates a 512 KbyteTash
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Kbyte SRAM memory [19]. The microcontroller is
functioned to control the real-time input data flinem

the temperature sensor and rotary encoder to the
computer. RS-232 as a serial data transfer protiscol
used to send the acquired data from the microcibetro

to the computer. Finally, the acquired data isextan

the computer’s hard disk based on the ASCII format.

Besides the instrumentation system, we have also
constructed a mechanical logging stage. It is used
hold the temperature sensor, including its cabld an
rotary encoder, during data acquisition in the hotle.

The cable, which has a length of 100 m and wei§i5t o
kg, should be held by a mechanical logging stagandu
temperature logging.

Regarding data visualization, we have developed a
Graphical User Interface (GUI) using the Python
programming language. We have chosen Python
because it offers the dual benefits of rapid pyqtioly

and ease of comprehension, which in turn allowgHer
quick creation of sophisticated tools for a diveraege

of instrumentation applications [20]. Through Gulie

can also control the system for starting or stopphre
data acquisition process.

Figure 2 shows a design process flowchart for the
prototype of temperature logging tools. This prgpet
tested the prototype in a hot spring in the geatiaér
prospect area in Gunung Pancar, Bogor.

Int.

-

Rotary encoder

Microcontroller
H8/3069F

—» Computer

ADC

Temp. Sensor

Figure 1. Intrumentation System of Temperature Logging
Tools

Design the intrumentation
system

N

Integrate the instrumentation
system and mechanical
logging stage

-

Develope GUI using Python

-

Perform field data acquisition
in Ul and Gn. pancar

Figure 2. Design Process Flowchart
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has been tested in one borehole having a 25 ncakrti
depth at the University of Indonesia. We have also
Gunung Pancar which is located in Karang Tengah
village, Bogor, West Java. It is about 70 km sowsiwv

of Jakarta. The altitudes of the prospecting arbare
surface manifestations exist vary between 300 80
above sea level. The existence of hydrothermalites
have been observed locally in the Kawah Merah hot
spring, which has a surface water temperature 4f 85.

3. Results and Discussion

The Pt-100 temperature sensor needs to be calibrate
with a thermometer. We immersed the sensor and
thermometer into 26C water. Then, the water was
heated gradually so that its temperature increased
slowly. The increasing water temperature caused
increasing Pt-100 resistance. A voltage dividecatris
used to convert resistance changes into voltage
variation. Because ADC input needs a voltage range
between 0 to 5 V, the output of the Pt-100 voltage
divider needs to be amplified by LM 324. Figure 3
shows a signal conditioning which consists of aagé
divider circuit and an LM 324 amplifier.

Figure 4 shows the result of the Pt-100 temperature
sensor calibration, in terms of the linear respooke
amplified voltage toward temperature changes. The
sensitivity of the signal conditioning is about 9/ rfor
every 1°C.

A rotary encoder is an electro-mechanical devigd th
converts the angular position or motion of a shati a
digital pulse. In this design, the linear displaesiof
temperature along the borehole is converted
rotational motion. The digital pulse output of tlweary
encoder is sent to the H8/3069F microcontrollengisi
an interrupt (IRQ) connection.

into

5Y +15V
R2 RF
§R1 W 10k
1k
+
LM324
I»/ > ADC
R3 RF’
§Pt100
2k 10k
Figure3. Signal  Conditioning  Circuit for  Pt-100
Temperature Sensor
Makara J. <ci.

There is a voltage difference between the digitdsg

of the rotary encoder and the digital input of the
microcontroller. The high voltage of the digitallgai of
the rotary encoder is 10V, while the maximum digita
input of the microcontreller is 5V. So we desigred
voltage converter circuit using an optocoupler 4Na28
shown in Figure 5.

We measured the linearity of the linear displacemen
and the pulse counting from the rotary encodeis It
clearly shown in Figure 6 that the linear displaeain
has a linear relation with pulse counting. The mpta
encoder used in this design emits 1000 pulses per
rotation with an error approximation of 0.011%. It
means that after the temperature sensor moves tiown
100 m, there will be an error of around 1 m.

As an interface between the user and the temperatur
logging system, we have developed a GUI using Rytho
programmning language. The GUI (Figure 8) visualize

collected temperature data during measurementah re
time. The GUI has two main parts, i.e. a contrahgla
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Figure4. Calibrated Curve of Pt-100 Output After
Amplification by LM 324
5V
R2
input RE = R1 1 3300
I 5600 5
Y output 5V >
™
2 ™ 4
4N28

Figure5. Voltage Converter Circuit for Rotary Encoder
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Figure 6. Linear Displacement for Measuring Depth in Figure 7. Temperature-depth Variation in Kawah
Meter Versus Pulse Counting Merah Hot Spring, Gunung Pancar, Bogor
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87.2 Temperature(oC) vs Depth (m)

0 5 10 15 20
Date Time Counter ADC Depth (m) Temp(oC)

1 |27-05-13 12:59:31 111381 870 20.0 88.2

2 |27:05-13 12:59:32 111381 871 2.0 8.3

3 1270513 12:59:33 11381 866 2.0 87.7

4 |27-05-13 12:59:34 111381 862 20.0 87.2 B

5 2705-13 12:59:35 111381 860 2.0 87.0

6 |27:05-13 12:5%:36 111381 861 2.0 87.1

7 127-05-13 12:59:37 111381 862 20.0 87.2

8 27-05-13 12:59:38 111381 862 2.0 87.2

9 |27.05-13 12:59:29 111381 872 2.0 85.4

10 |27:05-13 12:59:30 111381 870 20.0 88.2

This is Data Acquisition System of Pt-100 Sensor

Figure 8. The Graphical User | nterface of Temperature L ogging Tools

on the left side and a graphic on the right sidee T  On the right side of the GUI, we display data acepli

control panel consists of several buttons, inclgda as a graphic. The yellow line indicates the ADC
Connect button that is functioned to start the data reading, while the blue line indicates the measured
collecting process. The Disconnect button will stbe temperature variation in a borehole.

data collecting process. The GUI has the ability to

display previous data acquired by means of the Open The complete system of temperature logging tools is
File button. The measured temperature can be nead 0 shown in Figure 9. The prototype has been used to
window above the Connect button. We also put an ADC measured subsurface temperatures along a borehole
reading just to make sure of the value or numbehef which is located next to the Department of Physits
measured temperature. the University of Indonesia. This location has eother-
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of Indonesia, who gave us financial support undier t
Hibah Riset Awal — Ul 2012 scheme with the contract
: - : : = number: 1900/H2.R12.1/HKP.05.00/2012. An anonymous
e i ich : pus : reviewer significantly improved the final form ofis

T ; paper.
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