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PREFACE 

 

ITB International Geothermal Workshop (IIGW) is an annual event organized by Prodi Teknik 

Panas Bumi, Fakultas Teknik Pertambangan dan Perminyakan (FTTM), ITB. The workshop 

celebrated its 8th anniversary this year. It was held on March 20–21, 2019 and has become a 

special moment in supporting the geothermal development acceleration program in Indonesia. 

 

The objective of the workshop was to improve community understanding toward geothermal 

energy is a part of renewable energy. This conference also discuss the latest condition of 

geothermal energy and other renewable energy in Indonesia and to draw attention from 

scientist, engineers, including academicians, industrial stakeholders, and also geothermal 

leaders about the initiatives, strategies, opportunities, and challenges toward geothermal 

development in Indonesia, and to show the commitment to the nation in achieving its 7200 

MWe installed capacity in 2025. 

 

Participants benefit the exchanges of view, knowledges and experiences on latest technologies 

and researches by bringing together scientists, engineers, academicians, experts, and industrial 

stakeholders involved in geothermal and other renewable energy studies and developments. 

 

As part of this year commitment, selected papers are published as open access volume of IOP 

Conference Series: Earth and Environmental Science. Other papers are published in the 

conference proceeding in print version. We hope wider geothermal communities will gain the 

same benefits as our conference attendees. 
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WORKSHOP WELCOME REMARKS 

 

ITB International Geothermal Workshop 2019 was an event held by ITB Geothermal Master 

Program on 20-21 March 2019 at CRCS building in ITB. Followed by more than 400 

participants from many different background of geothermal community, such as academia, 

industries, and government. This year’s theme is “Geothermal Energy among Other 

Renewable Energy: Present and Future”, which focused on discussion of advantages and 

limitations in geothermal energy compared to other renewable energy in the world. The 

chairman of 8th ITB International Geothermal Workshop 2019 welcomed delegates, after which 

the Workshop was officially opened by Dr. Nenny Miryani Saptadji, the Advisor of 

Geothermal Engineering, Faculty of Mining and Petroleum Engineering, ITB. 

Participants includes academic, industries, and government delegates. Academic delegates are 

from Institut Teknologi Bandung, Universitas Trisakti, Universitas Negeri Manado, 

Universitas Padjadjaran, Universitas Pembangunan Nasional “Veteran” Yogyakarta, 

Universitas Diponegoro University, Institut Teknologi Sepuluh November, University of 

Edinburgh Business School, Universitas Lampung, Institute of Energy and Mineral, Auckland 

University, Universitas Gadjah Mada, IST Akprind Yogyakarta, Universitas Indonesia, 

Universitas Pertamina, and Universitas Sriwijaya. The industries delegates are PT. Pertamina 

Geothermal Energy, Supreme Energy, PT. Geo Dipa, PT. NewQuest Geotechnology, 

Schlumberger, EBTKE-ESDM, Enertime, Sarulla Operations Ltd,  AECOM, PT. Jacobs Group 

Indonesia, KS. Orka, Baker Hudges. Government representative is from Geological Agency of 

Indonesia. 

We would like to express our sincere gratitude to all the support that has been given for this 

event, from Geothermal Technology Magister Program Staff to all Chair Person, authors, 

presenters, paper reviewers and all the workshop sponsors and exhibitors for assistance and 

cooperation in support of this event. 

Sincerely 

 

Dr. Eng. Suryantini 

Chairman of the ITB International Geothermal Workshop (IIGW) 2019 
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WORKSHOP EVENTS 

 

ITB International Geothermal Workshop 2019 was a masterpiece event organized by ITB 

Geothermal Master Degree Program as a contribution to the geothermal development all 

around the world especially Indonesia. This event held many activities such as pre-workshop 

course, plenary session, technical session, mid-workshop course, field trip, and field camp, 

from March 18th – 22nd, 2019. 

 

This event consists of 6 main events: Pre-workshop, workshop (plenary and technical session), 

mid-workshop, field trip, and field camp. The pre-workshop session consists of Leapfrog, 

Halliburton, EBTKE, KS Orka and Jacobs training. Plenary session was attended by many 

distinguish speakers in geothermal such as Surya Darma as Chairman of METI, Tri Mumpuni 

as Executive Director & Founder of  IBEKA, Kanaka Arifcandang Winoto as Senior 

Development Manager of PT UPC Renewable Indonesia, Tarwaji as Head of Corporate PT 

Indonesia Power, Alexander Richter as President of IGA, Andrianto Hapsoro as Head of 

Engineering PT Sulzer Indonesia, Muchsin Qadir as Energy Specialist of World Bank Office 

Jakarta, Michael Reading as Chief Operating Officer of KS-Orka Renewable Pte Ltd, Novi 

Ganefianto  as Vice President of Exploration and Subsurface Engineering PT Supreme Energy, 

Aris Edi Susangkiyono as Vice President of Energi Panas Bumi PT PLN, Eko Agung 

Bramantyo as Operating Director from PGE, Riki Ibrahim as President Director of PT Geo 

Dipa Energi, Nungki Nursasongko as Manager of Star Energy Geothermal, and Doddy Astra 

as Geoscientist of Sarulla Operation Ltd. 
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Many interesting and high quality papers were presented in technical and poster sessions. The 

total papers received this year were 59 papers presented in oral presentation sessions, while 43 

papers presented in poster sessions. The field trip was a visit to PT Pertamina Geothermal 

Energy Area Kamojang and the field camp was a one day trip to Kawah Domas for 

geochemistry sampling practice. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



PROCEEDINGS, 8th ITB International Geothermal Workshop 2019 

Institut Teknologi Bandung, Bandung, Indonesia, March 20–21, 2019 

1 

 

ABSTRACTS OF IOP CONFERENCE SERIES 

Available online at: 

IOP Conference Series: Earth and Environmental Series 

https://iopscience.iop.org/issue/1755-1315/417/1 

 

3D Geological and Isothermal Model of Geothermal Field Based on the Integration of 

Geoscience and Well Data 3 

Bonjol Geothermal Structure Based on 2D Inversion of Magnetotelluric Data 3 

Application of Tikhonov Regularization for 1D Geothermal Heat Flux Ill-Posed Inverse 

Problem: A Case Study on Chad Sedimentary Basin 3 

Geochemical Prospecting Investigation in Non-Volcanic Geothermal Area: A Case 

Study of Sajau, East Tanjung Palas, Bulungan, North Kalimantan 4 

Application of Remote Sensing for Determination of Power Plant Area: Case Study of 

Lumut Balai, South Sumatra 4 

Reservoir Temperature Calculation of Immature Geothermal Water from Hot Spring 

around the Slamet Volcano 5 

Surface and Subsurface Fracture Zones Modeling using Automatic Lineament Analysis 

and Geostatistical Method, with Case Study of Wayang Windu Geothermal Field, West 

Java, Indonesia 5 

Integration of the Lineament Study in the Karaha-Bodas Geothermal Field, West Java 6 

Revealing Geothermal Potential Areas with Remote Sensing Analysis for Surface 

Temperature and Lineament Density: Case Study in South Bajawa, NTT, Indonesia 7 

The Subsurface Geology and Hydrothermal Alteration of the Dieng Geothermal Field, 

Central Java: A Progress Report 7 

Identifying Upflow Zone Based on Thermal Infrared (TIR) Sensor and Field 

Measurements at Volcanic Field 8 

Field Verifications of Geological Structures Related to SAR Detected Lineaments 8 

The Application of Geologic Lineament Extracted from Dual-orbit SAR Images for 

Fluid Flow Path Detection and Characterization in Geothermal System 9 

Application of Numerical Simulation to Update Conceptual Model and Resource 

Assessment of Songa-Wayaua Geothermal Field 9 

Preliminary Study of Membrane Technology to Resolve Silica Scaling to Enhance 

Geothermal Binary Power Plant 10 

Design of Geothermal Drilling Training Curriculum as The Implementation of The 

National Competence Standard on Onshore Drilling 10 

Study of Development Scenarios for Bottoming Unit Binary Cycle to Utilize Exhaust 

Steam from Back Pressure Turbine Geothermal Power Plant 11 

A Thermal Casing Connection Test for Geothermal Wells In KS ORKA 12 

A New Mechanism in Determining the Number of Geothermal Wells for Power Plant 

Development using Stochastic Method 12 

The Application of Numerical Simulation Result for Geothermal Financial Model with 

Probabilistic Approach: A Comprehensive Study 13 



PROCEEDINGS, 8th ITB International Geothermal Workshop 2019 

Institut Teknologi Bandung, Bandung, Indonesia, March 20–21, 2019 

 

2 

 

Pre-Feasibility Study of Condensing Wellhead Generating Unit Utilization in Partially 

Vapor Dominated System 13 

Response Surface Method Using Box-Behnken Design for Probabilistic Resource 

Assessment: A Case Study in Atadei Geothermal Field, Indonesia 14 

Updating the Conceptual Model of Lumut Balai Geothermal Field, South Sumatera, 

Indonesia using Numerical Simulation 14 

Preliminary Financial Modelling with Probabilistic Approach for Geothermal 

Development Project in Indonesia 15 

Updating the Conceptual Model of Cisolok-Cisukarame Geothermal Field, West Java, 

Indonesia 15 

 



PROCEEDINGS, 8th ITB International Geothermal Workshop 2019 

Institut Teknologi Bandung, Bandung, Indonesia, March 20–21, 2019 

3 

 

3D GEOLOGICAL AND ISOTHERMAL MODEL OF GEOTHERMAL FIELD BASED ON 

THE INTEGRATION OF GEOSCIENCE AND WELL DATA 

 
Claudio R.I. Ponggohong, Suryantini, and Angga B. Pratama 

 

Geothermal Master Program, Institut Teknologi Bandung, Indonesia 

E-mail: criponggohong@gmail.com 

 
The conceptual model in the geothermal field can illustrate subsurface conditions. A conceptual model is usually 

made in 2D however, the 2D model is generally limited to providing subsurface images, and overcoming these 

limitations it is very important to use a 3D approach to improve understanding of subsurface conditions. 3D 

modeling needs to incorporate the integration of geology, geochemistry, geophysics and well data studies. 

Visualization of the 3D model in this study was made using Leapfrog Geothermal software. The data used is data 

from the literature that has been previously published. The 3D model can provide a clearer picture of structural 

geometry and is effective in understanding geological features in geothermal fields. 3D modeling can reduce 

uncertainty in drawing subsurface conditions, especially the geometry of geothermal system components. The 3D 

model is also useful as a guide for determining make-up well in the future. More data is obtained, better models 

can be made. This model can be used as a guide in developing geothermal fields in the future. 

 

Keywords: 3D, conceptual model, isothermal, Leapfrog Geothermal 
 

 

 

BONJOL GEOTHERMAL STRUCTURE BASED ON 2D INVERSION OF 

MAGNETOTELLURIC DATA 

 
Wiwid Joni and Dudi Hermawan 

 

Center of Mineral, Coal, and Geothermal Resources - Geological Agency 

Jalan Soekarno Hatta No. 444 Bandung, Indonesia 

E-mail: joniwiwid@gmail.com, doeday@gmail.com 

 

Bonjol geothermal area is located in Pasaman Regency, Province of West Sumatera. The existence of geothermal 

system is characterized by hot springs, and rock alterations by temperature 50 - 88°C. Magnetotelluric (MT) 

survey had been conducted by Geological Agency in 2009 and 2018 to identify the geothermal promising zones. 

Utilizing 2D inversion model of MT data can delineate the conductivity structure to identify where geothermal 

system is located. MT data result showed that low resistivity in the northern part is around Takis, Sungai Limau, 

and Kambahan hotsprings, and in the southern part is around Padang Baru hotspring interpreted as cap rock of 

Bonjol geothermal system. The existence of top reservoir of Bonjol geothermal system is about 800 until 1000 

meter depths. The promising area are located in the northern part area around Takis, Sungai Limau, and Kambahan 

hot springs, and in the southern part area around Padang Baru hot spring. 

 

Keywords: geothermal, magnetotelluric, 2D inversion, low resistivity 
 

 

 

APPLICATION OF TIKHONOV REGULARIZATION FOR 1D GEOTHERMAL HEAT 

FLUX ILL-POSED INVERSE PROBLEM: A CASE STUDY ON CHAD SEDIMENTARY 

BASIN 

 
Christopher Salim, Mariyanto Mariyanto, Yolanda Mustika Bohal, and Hilda Liliana Sihombing  

 

Department of Geophysical Engineering, Institut Teknologi Sepuluh Nopember 

Jl. Raya ITS, Keputih, Sukolilo, Kota Surabaya, East Java, Indonesia 60111 

E-mail: christopher.salim@yahoo.com 

 

Subsurface heat flux information is important in geothermal exploration. With the information, geophysicists can 

map exactly the thermal potential in a particular area. Based on the surface heat flux, inverse modeling produces 

the 1D subsurface heat flux distribution. However, inverse problems in the geothermal system are generally ill-

posed. Small changes in the data can cause large changes in the solution and the solution may not be unique. To 



PROCEEDINGS, 8th ITB International Geothermal Workshop 2019 

Institut Teknologi Bandung, Bandung, Indonesia, March 20–21, 2019 

4 

 

solve the mentioned non-linear and ill-posed equation above, tikhonov regularization is a choice for stabilizing 

the inverse calculation. This paper demonstrates how tikhonov regularization is useful to solve subsurface heat 

flux distribution both in the synthetic model and real model. Based on surface heat flux distribution from the direct 

problem, the preconditioned conjugate gradient algorithm calculates the subsurface heat flux. With the correct 

choice of the regularization parameter, the inverse model fits the initial model. For the testing purposes in real-

world conditions, chad sedimentary basin located in chad and Nigeria is used as a model. A high geothermal 

gradient is found in this area. Therefore, geothermal explorations are on the rise recently. Its thermal conductivity, 

heat production, and stratigraphy data from previous researches provide information about the initial model. The 

heat flux curve generated from inversion matches the initial noisy model with the error of 10-9 mW/m2. Therefore, 

to answer the increasing energy demand, this method can be highly applicable to future geothermal prospecting. 

 

Keywords: geothermal, heat flux, inverse, regularization 
 

 

 

GEOCHEMICAL PROSPECTING INVESTIGATION IN NON-VOLCANIC GEOTHERMAL 

AREA: A CASE STUDY OF SAJAU, EAST TANJUNG PALAS, BULUNGAN, NORTH 

KALIMANTAN 

 
D I Kumalasari1, A G Kusuma1, H Mahalka1, M S Syarifatullah1, and N A Gumelar2 

 
1Geological Engineering, Universitas Pembangunan Nasional Veteran Yogyakarta, SWK Street 104, Sleman 

District, Special Region of Yogyakarta, Indonesia. 55283 
2Mineral, Coal, and Geothermal Resources Center, Indonesian Ministry of Energy and Mineral Resources, 

Soekarno-Hatta Street 444, Pasirluyu, Regol, Bandung City, West Java, Indonesia. 40254 

E-mail: dianindrakumalasari@gmail.com 

 

Indonesia has at least 324 prospects of geothermal which ensuring the great potential of sustainable and low-

emission energy. About 96% (26.5 GWe) of the total Indonesian geothermal prospects are located in volcanic 

environment, while the 4% (1.2 GWe) come from the non-volcanic environment. Thus, the geochemical analysis 

is aimed to investigate the prospect of geothermal energy in the non-volcanic environment. The methods are 

geological mapping and geochemical analysis by manifestation geochemistry and soil geochemistry. Geological 

mapping is conducted to provide data about lithologies, structures, and manifestations of geothermal. 

Geochemical exploration relies on the analysis of water samples from manifestations to characterize the fluid and 

its origin, understand the fluid equilibrium, and interpret reservoir temperature. Soil geochemistry is aimed to 

identify permeability zone and structures in purpose to identify the prospect area. This paper will briefly illustrate 

the fundamental concept of non-volcanic geothermal, conceptual model, and potential of the research area. We 

anticipate this paper to become a turning point for further research in geothermal as promising alternative energy 

and specifically to broaden the view of non-volcanic geothermal system in Indonesia. 

 

Keywords: non-volcanic geothermal, geochemical analysis 
 

 

 

APPLICATION OF REMOTE SENSING FOR DETERMINATION OF POWER PLANT 

AREA: CASE STUDY OF LUMUT BALAI, SOUTH SUMATRA 

 
S S Winanti, N Latuconsina, A N Herdani, and D A Kumara 

 

Geophysics Study Program, Faculty of Mathematics and Natural Science, Universitas Indonesia, Kampus UI 

Depok, Indonesia, 16424 

E-mail: tyaswinanti@gmail.com 

 

Subduction zone located beneath Sumatra, Indonesia causes the formation of volcanic sequences, which can be 

associated with the potential of geothermal energy. One of them is Lumut Balai area in South Sumatra. A study 

of using remote sensing method was conducted as one of the preliminary methods to find out the geothermal 

potential in the Lumut Balai area. In this case, an analysis of regional geology maps, Landsat 8 OLI / TIRS, and 

digital elevation model (DEM) was carried out. The geothermal potential is obtained based on a combination of 

anomalies in land surface temperature (LST), the normalized difference vegetation index (NDVI), and distribution 

of alteration zones. The analysis of NDVI result shows the Lumut Balai area dominated by mostly moderate to 
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high level of vegetation density up to 0.88. Whereas, the LST result shows the maximum value, which is 40.3°C 

located at the residential area in the north and the open land in the northwest of Lumut Balai. The correlation 

between the results of LST and NDVI has been shown in geothermal surface manifestations, that have vegetation 

less than 0.88 while the temperatures show a higher value up to 40°C than the surrounding its area. While the 

results of the DEM analysis provide topographic information, the slope in the study area used to determine the 

area for development of power plant. The power plant more likely to be located in the southwest and northeast of 

Lumut Balai where it has flat terrain and not in the near-fault area. 
 
Keywords: geothermal, Lumut Balai, remote sensing, NDVI, LST, DEM, power plant 

 

 

 

RESERVOIR TEMPERATURE CALCULATION OF IMMATURE GEOTHERMAL 

WATER FROM HOT SPRING AROUND THE SLAMET VOLCANO 

 
Sachrul Iswahyudi, Siswandi, Laskarul Wildan Attabik, and Novan Arif Saifrudin 

 

Jenderal Sudirman University 

E-mail: sachrul.iswahyudi@unsoed.ac.id 

 

The temperature of some geothermal reservoirs around Slamet Volcano can be estimated from hot spring water 

geochemistry around it. Calculation of reservoir temperature from immature hot water samples has the potential 

to cause uncertainty. This is due to a mixture of geothermal water and meteoric water. The manifestation of the 

geothermal water appears in several different places, including on the southern slope of Slamet Volcano which 

consists of Pancuran-7 and Pancuran-3 Hot Springs. On the northwest slope of Slamet Volcano, several 

manifestations also appear, namely Pancuran-13 and Pengasihan in the Guci Area and Sigedong Hot springs in 

Sigedong Area. This study uses geochemical methods of geothermal water and hot springs water sample data 

from previous studies for analysis of geoindicators and geothermometers. Reservoir temperature calculation is 

based on the content of silica and enthalpy of immature geothermal water and meteoric water in the study area. 

Based on the Cl-Li-B geoindicator analysis, it was interpreted that there were 3 geothermal systems with different 

reservoirs around Slamet Volcano, namely the Baturaden, Guci and Sigedong Systems. Based on the Na-K-Mg 

plot for the geothermometer, the five hot springs around Slamet Volcano are included in the immature water 

group. Based on the enthalpy vs. silica analyses, the geothermal reservoir temperatures for Baturaden, Guci, and 

Sigedong are 204°C-210°C, 187°C-196°C and 181°C. 

 

Keywords: geothermal reservoir, immature water, Slamet volcano 
 

 

 

SURFACE AND SUBSURFACE FRACTURE ZONES MODELING USING AUTOMATIC 

LINEAMENT ANALYSIS AND GEOSTATISTICAL METHOD, WITH CASE STUDY OF 

WAYANG WINDU GEOTHERMAL FIELD, WEST JAVA, INDONESIA 

 
Mohamad Nur Heriawan1, Rifqy Adwin Hafizsyah2, Jihan Syifa Hanunah2, Arie Naftali Hawu Hede1, and 

Dwiyogarani Malik3 

 
1Research Group of Earth Resources Exploration, Faculty of Mining and Petroleum Engineering, Bandung 

Institute of Technology, Jl. Ganesha 10 Bandung 40132, Indonesia 
2Undergraduate Program of Mining Engineering, Faculty of Mining and Petroleum Engineering, Bandung 

Institute of Technology, Jl. Ganesha 10 Bandung 40132, Indonesia 
3Star Energy Geothermal (Wayang Windu) Ltd., Jl. Let. Jen. S. Parman Kav. 62-63, Jakarta Barat 11410, 

Indonesia 

E-mail: heriawan@mining.itb.ac.id 

 

Geological structures such as faults and fractures in a geothermal prospect area might be an indication of a 

permeable zone for geothermal fluids through fractures that appear inside the rocks. Such geological structures 

can be identified by lineaments in satellite images and aerial photographs. In this study, we determine the effect 

of pixel size on the results of automatic lineament extraction and examine the relationship between lineaments at 

the Wayang Windu geothermal field (WWGF) and nearby geothermal areas, automated lineament results which 

were extracted from digital elevation models (DEMs) with pixel sizes of 0.5 m, 1 m, 2 m, 3 m, 4 m, 5 m, 10 m, 

mailto:heriawan@mining.itb.ac.id
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15 m, and 20 m based on aerial photographs, DEM Nasional (DEMNAS) images, and Shuttle Radar Topography 

Mission (SRTM) images. Under similar parameters, larger pixel sizes revealed fewer and longer lineaments than 

smaller pixel sizes. The type of image (i.e., satellite images or aerial photographs) used for lineament extraction 

did not affect the results. Based on lineament density maps, the lineaments from images with smaller pixels had 

a wider distribution area than those with larger pixels. Surface geothermal manifestations, such as hot springs, 

showed good correlation with lineaments found in images with smaller pixel sizes (≤ 5m), which were found in 

moderate to high lineament density zones. Based on the lineaments extracted from SRTM images, each 

geothermal field in southern Bandung (Patuha, WWGF, Darajat, and Kamojang) had a local geological structure 

that greatly correlated with the lineament extraction results. All of the lineaments in the geothermal fields were 

primarily oriented in the NE–SW direction (i.e., N65°E for Patuha, N51°E for WWGF, N57°E for Darajat, and 

N24°E for Kamojang). Subsurface fracture zone modeling was conducted at WWGF to estimate the permeability 

zones based on the fracture density from production well data using the Ordinary Kriging (geostatistical) method. 

The results revealed the direction of subsurface fracture dips and strikes as well as the relationship between 

subsurface fracture geometries and surface lineament structures. In general, the subsurface fracture zones featured 

strikes in a NE–SW direction, with dip angles ranging from 74° to 85° and fracture density ranging from 36 to 43 

fractures per 10 m. Additionally, the fracture density linearly corresponded to the depth of wellpads. Compared 

to the surface lineament extraction map, the majority of lineaments were in the NE–SW direction, similar to the 

major strike of the subsurface fracture zones. 

 

Keywords: digital elevation model, automatic lineament extraction, ordinary kriging, fracture zones, Wayang 

Windu geothermal field 
 

 

 

INTEGRATION OF THE LINEAMENT STUDY IN THE KARAHA-BODAS 

GEOTHERMAL FIELD, WEST JAVA 
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The Karaha-Bodas geothermal field is classified as a hydrothermal volcanic system. This field is characterized by 

the emergence of manifestations in the form of hot springs, solfatara, steamy soil, and mud pools. The 

manifestations are spread in the northern part of Karaha and south of Telaga Bodas. Based on the characteristics 

of the manifestations that appear in Karaha and Telaga Bodas, there are allegations that the Karaha Bodas 

geothermal system is divided into two systems. The distribution of the Karaha Bodas geothermal system can be 

estimated through geological studies. In this case, the method used is the integration of the lineament study. A 

lineament study was carried out applying hillshade from four angles, namely 0°, 45°, 90°, and 135°. The results 

of the lineament will be mapped into structural lineament density anomalies or Fault Fracture Density (FFD). FFD 

analysis is then integrated with volcano stratigraphy, gravity anomalies, and MT resistivity. Based on the results 

of the integration, the Karaha-Bodas geothermal system is estimated to be two systems that are different from the 

high lineament structure density zone in Karaha. 

 

Keywords: Karaha-Bodas, lineament study, geothermal system 
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The research area is located in the Southern part of Bajawa, Ngada District, East Nusa Tenggara Province. This 

area has a geothermal potential and unique geological setting where many cinder cones are extending along NNW-

SSE. A geothermal area usually indicated by surface manifestations that reach to the surface through geological 

structures. The initial stage to find out the existence of a geological structure that represented by surface lineament, 

and surface manifestations can be identified using satellite imagery to facilitate the exploration process in the 

field. The relationship between them is important to find out the potential geothermal area. Therefore, this study 

aims to analyze the relationship between geological lineament density and geothermal manifestations at the 

southern part of Bajawa based on the integration of ASTER imagery, DEM and Satellite Gravity anomalies. 

ASTER that consist of Visible-Near Infrared (VNIR), Shortwave Infrared (SWIR), Emissivity, and Surface 

Kinetic Temperature are used to identify surface geothermal manifestations. DEM imagery is used for lineament 

density analysis. While the satellite gravity anomalies are used to support the interpretation of geological structure 

in the study area. Field checking is conducted to ensure the results of images interpretation. The result of imagery 

analysis shows that geothermal manifestations are distributed at Nage and Mataloko areas indicated by surface 

kinetic temperature anomalies that reached 37.75°C and 37.85°C degrees, and rock alteration includes silicate 

clay minerals and quartz. High-density anomalies (>3km/km2) of geological lineament also located at Nage and 

Mataloko areas. Also, the analysis of Second Vertical Derivative (SVD) from satellite gravity anomalies shows 

that low gravity anomalies range from 0 to 0.5 mGal are found in Nage and Mataloko areas indicate the existence 

of geological structure in this area. The field check shows the same result where there is surface manifestation 

such as hot springs, fumarole, boiling mud pools, sulfur deposits, and altered rock are found at Mataloko and Nage 

area. The results of the interpretation of lineament density and the distribution of surface manifestations at the 

study area concluded that the relationship between the two is linear. 

 

Keywords: lineament density, surface manifestation, ASTER, DEM, satellite gravity anomaly 
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The Dieng geothermal system is volcano-hosted, and its reservoir is liquid-dominated. Thermal manifestations 

lay at about 2,000 m asl. Previous studies suggest that the field consists of three prospect areas, namely Sileri, 

Sikidang-Merdada, and Pakuwaja. Dieng Geothermal Field has serious problems with mineral scaling and 

corrosion in the production facility. The problems, to some extent, are related to the natural characteristics of the 

system. In our study, cuttings from 4 of 47 wells drilled in Dieng were examined using petrography and X-ray 

diffractometry techniques to better understand the subsurface geology of the Dieng Geothermal Field, including 

different types of hydrothermal alteration mineralogy. The wells MG-1, MG-2 and MG-3, and MG-4 are chosen 

to represent the prospect areas, respectively. In general, typical hydrothermal minerals in Dieng Geothermal Field 

formed by near-neutral pH fluids characterized by clays (smectite, illite, chlorite), silica (quartz, cristobalite), 

calcite, wairakite, pyrite, epidote, and actinolite. In wells MG-3 which are located in the Sikidang-Merdada area, 

acidic alteration such as anhydrite, pyrophyllite, and native sulfur are present. Most notably, anhydrite occurs 

from the near-surface down to depths >2,000 m. These findings indicate the existence of acidic fluids at the deeper 

parts of the Sikidang-Merdada area. Furthermore, we utilize subsurface geological data from other wells within 

all the three prospect areas to complement our review. 

 

Keywords: subsurface geology, hydrothermal alteration, Dieng geothermal field 
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Upflow zone identification at volcanic fields is crucial for geothermal resource exploration. The common problem 

to identify the upflow zone using conventional mapping method is time-consuming and the limitation of access 

to the area. The application of satellite imaging as ground-truthing is aimed to increase the effectiveness of upflow 

zone detection at geothermal fields. This study selected the volcanic field around the Bandung Basin for a model 

case. The data used in this study were thermal images of the Advanced Spaceborne Thermal Emission and 

Reflection Radiometer (ASTER) Thermal Infrared Radiometer (TIR) by the night observations. The TIR data 

were corrected and calibrated by Visible Near Infrared Radiometer (VNIR) to measure Land Surface Temperature 

(LST). We then focused our analysis around a volcanic area that showed high LST at the Papandayan crater and 

other manifestations. Validations were carried out by measuring surface temperature and gas concentrations 

including SO2 and CO2. The reading value of the gases was different on each location, but the pattern of the gases 

was relatively similar especially the SO2 gas pattern. The SO2 gas showed a relatively constant trend of gas 

concentration over time in the upflow zone, but in the outflow zone showed an increase pattern with the time 

whose reading values were lower than those on the upflow. On the contrary, the non-geothermal features showed 

that the SO2 concentration decreased with the time towards almost 0. According to the retrieved LST, the surface 

manifestations were located not only at the high anomaly but also at medium anomaly depending on the 

manifestation dimension. The gas and temperature measurements proved that LST could be used to enhance the 

effectiveness of upflow zone identification. 

 

Keywords: remote sensing, land surface temperature, upflow zones, Bandung basin, geothermal 
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Identifying geological structures is a crucial step in geological field mapping. One common technique to interpret 

geological structures is using lineament analyses on the satellite imagery. The usual encounters are many 

lineaments do not concordance to the geological structures. Overcoming the problem, we used dual orbit Synthetic 

Aperture Radar (SAR) images to obtain lineaments related to geological structures at ground level. In this paper, 

we presented the sensitivity of the lineaments detection method visually and automatically using Yamaguchi and 

modified Segment Tracing Algorithm (mSTA) methods, respectively. The Yamaguchi method is a visual 

lineament detection using an optimum image-scale and resolution. The method was used to detect lineaments 

based on visual limitation of the interpreter. On the contrary, the mSTA method is an automatic lineament 

detection utilizing SAR backscattering intensity images in opposite Line of Sight (LOS). Accordingly, we 

compared the effectiveness between the visual and automatic detection methods in detecting the faults and joints 

correctly at ground surface. The verification of detected lineaments at the field was then performed and analyzed 

to obtain comparison of the effectiveness between two lineaments detection methods. The direction of joints at 

EKA-01 were oblique 45 degrees to Yamaguchi method, and 25 degrees to mSTA method. Besides, the direction 
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of faults and joints at EKA-10 were oblique 5 degrees to Yamaguchi method, and 2 degrees to mSTA method. 

mSTA method has smaller offset angle to field measurements than Yamaguchi method, indicating that the 

automatic is more effective and representative to detect lineaments related to geological structures than visual 

method. 

 

Keywords: SAR, Yamaguchi, mSTA, lineaments detection 
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The limited nature of subsurface imaging data in geothermal field makes surface data important to infer subsurface 

geologic conditions. One of the main geologic features that can be extracted from surface data is lineament which 

can be attributed to rock fractures, including joints and deep-seated faults. Fractures play a dominant role in the 

creation of porosity and permeability that allows the storage and flow of thermal fluid in geothermal reservoirs. 

Therefore, it is important to characterize rock fractures and model the flow of thermal fluid through them to better 

understand the geothermal reservoir. This study evaluates the application of lineaments extracted from dual-orbit 

Synthetic Aperture Radar (SAR) images acquired by the Phased-L Synthetic Aperture Radar (PALSAR) sensor 

on the Advanced Land Observing Satellite (ALOS) as input for fracture modelling to reservoir simulation in 

geothermal field. The SAR images were acquired from the Geureudong area in Aceh. Lineaments were extracted 

automatically from SAR images using modified Segment Tracing Algorithm (mSTA). Noise filtering and edge 

enhancement algorithms were applied to the SAR images prior to mSTA to optimize the extraction of geologically 

significant lineaments. The extracted lineaments were spatially analysed, including lineament frequency density, 

lineament length density, lineament intersection density, and lineament direction rose diagram. Representative 

fracture model with a vertical dip angle was created from the extracted lineaments and was assigned with reservoir 

properties, including permeability and porosity. Thermal fluid flow was simulated through it to detect flow path 

and to characterize fluid flow in a geothermal system. Spatial analysis of the extracted lineaments showed a good 

correlation with the trend of geological structures observed in the field. The simulated fluid flow path showed 

good agreement with the spatial distribution of geothermal manifestations. Simulation results showed a strong 

correlation between fluid flow characteristics to the orientation, density, and connectivity of the fracture model. 

 

Keywords: lineament, remote sensing, mSTA, SAR, ALOS, PALSAR, fracture modeling, flow simulation 
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A study of Songa-Wayaua geothermal field using TOUGH2 reservoir simulation was conducted. This study 

shown the workflow to update the Songa-Wayaua conceptual model based on geosciences data, and to assess its 

potential resource. Since this field still a green field, the model still has so many uncertainties because lack of the 
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actual well data. The numerical simulation of Songa-Wayaua geothermal field has been developed and it showed 

a proper alignment with geosciences data but still requires validation from well data. This is the first numerical 

model of Songa-Wayaua geothermal field. The model provides additional insights which have been used to review 

and update the conceptual model. The conceptual model of Songa-Wayaua geothermal field has been successfully 

updated. The main updated points of the conceptual model were the location of the heat source to be beneath the 

Mt. Pele, adding the flow fluid pattern as outflow and upflow location, and adding iso-temperature distribution. 

By using the heat stored method with probabilistic approach (Monte Carlo Simulation), the resource calculation 

approximately 30 MWe. 

 

Keywords: reservoir modeling, green field, Songa-Wayaua, resource assessment, updated conceptual model 
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Large amount of hot brines produced by liquid-dominated geothermal field should lead to utilization of binary 

power plant in order to increase the installed capacity. However, binary power plant system extract energy from 

the hot brine that could increased the possibility of silica scaling either at the surface or at the reservoir because 

of the temperature decrease. Methods such as acidizing, water jetting, or alkaline injection has been proven could 

solve or prevent the occurrence of silica scaling. Still, those methods have their own limitation to solve silica 

scaling problem, such as economical or technological issues. Therefore, we assume that physical separation 

methods such as sedimentation and filtration should be done to decrease the silica scaling problems. Membrane 

technology seems could filled the spot, because by using membrane technology the silica content in thermal fluid 

could be separated completely and decreased silica scaling potential. At the end of the process, the concentration 

of silica could be decreased by large number. Although the silica scaling problem might not be solved completely, 

but the decreased potential of silica scaling still could be achieved and lead to increase installed capacity since 

silica scaling tend to limit the production of thermal fluid. 

 

Keywords: geothermal, silica scaling, binary power plant, membrane 
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Indonesia is currently the second largest geothermal installed capacity in the world, with around 1948.5 MW 

installed capacity. However, this achievement is still far from the Indonesian Government’s target of 7000 MW 

installed capacity in 2025. Thus, it requires a lot of efforts, supporting policies, and a great deal of competent 

human resources to achieve this ambitious target. Fulfilling the need for qualified geothermal human resources 

will take a significant amount of time if it only relies on higher education graduates. Hence, vocational education 

institutions especially training centers are expected to contribute more to meet these needs. The government has 

issued a regulation on the Indonesian National Work Competency Standards (SKKNI) which covers aspects of 

knowledge, skills and work attitudes relevant to the implementation of assigned duties and terms including SKKNI 
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of onshore drilling which is used as a reference for oil and gas and geothermal drilling. However, previous studies 

have identified the differences between geothermal drilling and oil and gas drilling. This might be due to the 

government still considers that those two are similar, so they only issued one competency standard for both fields. 

This paper discusses the implementation of SKKNI on onshore drilling competency standard to produce 

geothermal drilling curricula. The first part of this paper will map the current conditions of Indonesia's geothermal 

drilling human resources development including the estimated number of human resources needed. Furthermore, 

this study highlights the fundamental differences between the hydrocarbon and geothermal drilling to provide a 

better understanding of the competency needs of labor in the geothermal industry. Several research or publications 

and overseas competency standards are discussed and compared to decide which material needs to be included in 

the curriculum. Several alternative approaches related to human resource capacity development are also proposed 

in this paper to support the Indonesian Government's target in 2025. 

 

Keywords: geothermal, drilling, SKKNI, education, competency, Indonesia 
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Binary cycle using organic working fluid or ORC system has been applied in geothermal and some other industrial 

processes to recover low grade and waste energy to generate electricity. The conventional system to utilize 

geothermal energy is a condensing system or back pressure system which depend on a turbine used in the system. 

Two units of the power plant in Flores, Indonesia are using back pressure turbine, which means that there is still 

a chance to increase the electrical power of the steam which is released through the turbine. The amount of exhaust 

steam available from these two units power plant is more than 62,000 kg per hour with 99°C of temperature and 

around 2,430 kJ/kg enthalpy. This research is trying to get the optimum power that can be generated by the ORC 

regarding other consideration parameters such as ambient temperature, thermodynamics condition of resource 

steam, and energy conversion of each apparatus. It is the aim of this paper to present a thermodynamic study on 

the utilization of ORC as the bottoming cycle with various types of working fluids to produce additional 

electricity. Several working fluids are chosen to find the optimum ORC system to utilize this exhaust steam such 

as isobutane, butane, isobutene, isopentane, propane, propyne, neopentane, R245fa, R236fa, and R134a. ORC 

system used in this research is simple ORC with basic components such as Pre-Heater, Evaporator, Expander, 

Condenser, and Pump. The properties of working fluids are calculated by REFPROP. The results show that this 

binary cycle can generate up to 2.25 MW with the thermal efficiency around 10% depend on the working fluid 

used. Two working fluids in this scenario that provide the best power generated are Propyne and Isopentane. The 

type of working fluid must also be considered, propyne is a wet type while isopentane is a dry type working fluid. 

 

Keywords: geothermal, back pressure turbine, waste energy, organic Rankine cycle 
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Determining the proper casing and its connection for geothermal wells is very crucial. The casing and its 

connection experience various loads not only during drilling operations but also during production operations. In 

order to determine the suitable connections, various loads to the casings and connection during drilling and 

production are simulated. This paper presents the testing protocol used to qualify the Premium NS-CC connection 

used by KS ORKA (Sorik Marapi and Sokoria), a geothermal operator in Indonesia on the 13 3/8’’ 68# L80 Type 

1 production casing. The testing protocol is referred to the ISO/PAS 12835:2013, Thermal Well Casing 

Connection Evaluation Protocol (TWCCEP), with some abbreviation. The test was conducted using 2+2 casing 

specimens at PT Citra Tubindo testing facility in Batam, Indonesia. Total of 30 thermal load cycles at the 

temperature range of 35° – 290°C have been used to anticipate geothermal well life time as requested by KS 

ORKA drilling team. This paper summarizes the testing process from beginning to the end and the successful 

testing result of the NS-CC Premium casing connections that are used in KS ORKA (Sorik Marapi and Sokoria). 

 

Keywords: drilling, casing connection test, thermal cycle, production casing, geothermal well, TWCCEP, casing 

design 
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The number of geothermal wells (production, injection, make-up) should be calculated carefully to get the 

optimum values for the technical aspect of power plant development. However, the method for calculating the 

number of wells has been used is a deterministic approach that involves only a single value for every parameter. 

Since the result of this method is a single value, it cannot capture the uncertainties of the field parameters. 

Therefore, this paper proposed the newest method that applied 2-level full factorial design of experiment approach 

with the help from Minitab software to cover the uncertainties of the field parameters and to produce the 

probabilistic number of wells in combination with Monte Carlo Simulation. The proposed method has been 

successfully used to calculate the number of wells in the case study of Karaha-Talaga Bodas field. Based on the 

study, the most significant factors for determining the number of production and injection wells are the fluid 

enthalpy and total mass flow rate, whereas for the make-up wells number are the decline rate and make-up well 

capacity. 5 production wells, 1 injection well, and 4 make-up wells are the minimum requirement number of wells 

that should be drilled for generating 30 MW power plant capacity in 30 years. 

 

Keywords: geothermal well, geothermal development, the probabilistic, design of experiment, Monte Carlo 

simulation, production well, reinjection well 
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Feasibility of developing a geothermal project depends on the financial return generated from the investment. One 

of the strategies to achieve optimum return is formulating a financial model with a high level of confidence. 

Technical input parameters in the financial model are determined by the amount of available geothermal reserve 

in the form of a field development scenario. The best method for predicting geothermal reserve is a numerical 

simulation. The objective of this study is to determine the electricity tariff to generate 30 MW, 60 MW, and 110 

MW which meet the 50% of the Rate of Return value will be equal or not exceed 16% (P50) for a specific 

geothermal field with a probabilistic approach. This study started with determining the technical input parameters: 

the number of production wells; make-up wells; and injection wells from each development scenarios based on 

numerical simulation result that has been studied by another researcher. The electricity tariff that meets the P50 

of Rate of Return at 16% was calculated for those scenarios. Then, the tariffs were evaluated based on the Average 

Cost of Electricity Generation (BPP) on the relevant local grid. The result shows that the tariff or/and generation 

cost need to be negotiated. Moreover, total investment and economic indicators forecasting indicated that the 

investment was attractive. Lastly, sensitivity analysis shows that Rate of Return strongly affected by well drilling 

cost and power plant cost (EPCC).  

 

Keywords: geothermal, numerical simulation, financial model, probabilistic approach 
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The development of geothermal fields needs 5-6 years from the first well drilled until the operation of the central 

power plant. Between the gap years, the wells will be shut in and will be re-opened when the power plant is ready. 

However, there is an alternative to utilize the wells with Wellhead Generating Unit (WGU), the small power plant 

which can generate the electricity as soon as the drilled productive wells completed. Then, the objective of this 

study is to decide the preferable scheme for the installed capacity of WGU with economic consideration. 

Correspondingly, this study uses two full factorial experimental design with Monte Carlo simulation to calculate 

and design the condensing turbine. Steam fraction, mass flow rate, turbine inlet pressure, and turbine exhaust 

pressure are the parameters to be analyzed in the Monte Carlo Simulation. The economic feasibility of the project 

is based on capital expenditure, decline curve analysis, and electricity price. The result of probability, P10, P50, 

and P90 of gross power output and Specific Steam Consumption (SSC) are 6.1, 7.9, 9.9 MWe and 1.85, 1.89, 1.93 

kg/s/MWe respectively. Based on the economic evaluation, the P10, P50, and P90 of Internal Rate of Return 

(IRR) and Net Present Value (NPV) are 12%, 16%, 21% and 1.1 MUSD, 3.6 MUSD, 6.0 MUSD respectively 

over 30 years of WGU lifetime. This paper is the first study for designing the WGU combined with an economic 

study based on the technical evaluation to propose the best option to develop the field. 

 

Keywords: small power plant, WGU, wellhead, economic feasibility 



PROCEEDINGS, 8th ITB International Geothermal Workshop 2019 

Institut Teknologi Bandung, Bandung, Indonesia, March 20–21, 2019 

14 

 

RESPONSE SURFACE METHOD USING BOX-BEHNKEN DESIGN FOR PROBABILISTIC 

RESOURCE ASSESSMENT: A CASE STUDY IN ATADEI GEOTHERMAL FIELD, 

INDONESIA 

 
Marchel Christian Supijo, Heru Berian Pratama, and Sutopo 

 

Geothermal Master Program, Institute Technology of Bandung, Indonesia 

Jl. Ganesha No. 10, Bandung, West Java, Indonesia. 40132 

E-mail: marchelbinsus@gmail.com 

 

Resource assessment in geothermal green-fields will most likely encounter some difficulties due to the limited 

initial data and directly impact the accuracy of the estimated resources. Proper electricity potential based on 

resource assessment affects the development scenario in order to determine optimum capacity to be installed. 

Therefore, this paper applied the response surface method approach using three-level Box-Behnken Design (BBD) 

to the TOUGH2 numerical model of Atadei geothermal green-field to generate probabilistic resource assessment 

results. This study aimed to perform the Response Surface Method (RSM) using Box-Behnken design for 

probabilistic resource assessment in Atadei geothermal green-field. A Box-Behnken design was used to build 27 

experiments and investigated four parameters (permeability, porosity, liquid saturation, and feed zone location) 

at three levels (minimum, most likely, and maximum). The results from multiple model runs were used to create 

a polynomial function (proxy equation) and then applied to Monte Carlo simulation to generate a probabilistic 

distribution of the potential power output. This method had been successfully estimated a more robust electricity 

potential covering the entire range of possible values of important reservoir parameters. The probabilistic 

electricity potential using Monte Carlo based on Response Surface Method for 30 years production for P10, P50, 

and P90 are 11.7 MW, 18.2 MW, and 25.6 MW respectively. 

 

Keywords: TOUGH2 numerical model, Atadei, resource assessment, response surface method, box-behnken 

design, Monte Carlo 
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The Lumut Balai geothermal field is classified as a volcanic hydrothermal system characterized by the presence 

of fumaroles and hot springs. Downhole measurements indicate that this geothermal system has a liquid-

dominated reservoir with temperatures of 240-260°C. This study presents a natural state model and updated the 

conceptual model of Lumut Balai based on published geological, geophysical, geochemical, and well data. The 

model was validated using available temperature data from three drilled wells. Furthermore, the mass and heat 

flow through the model were also validated with geoscience and well data. A match to the natural state condition 

was achieved by adjusting the horizontal and vertical permeability. The updated conceptual model of Lumut Balai 

geothermal field has been shown to be physically realistic by a numerical model. The model temperatures, mass 

flow, and heat flow are well-matched with the actual data, although there is still some room for further 

improvements. 
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The right of geothermal field concession in Indonesia is obtained by tender as per Law No. 21/2014 Article 18. 

In the submitted proposal, the developer candidates shall mention the plan of field development strategy, while 

available data is limited due to a preliminary survey or preliminary survey and exploration were just performed. 

Then the developer candidates must be able to formulate the financial condition of the project so that the field 

utilization not only sustains but also produces appropriate profits. This paper discussed some regulations which 

are related to the economics of geothermal development project in Indonesia and a simple example of financial 

modelling with a probabilistic approach using Microsoft Excel Monte Carlo simulation and analysis tool. The 

input data were some technical assumptions such as installed capacity, steam fraction, steam specific consumption 

(SSC), well’s capacity, well’s success ratio, and financial assumptions such as well’s price, power plant 

construction’s cost, operation and maintenance cost, and others. The output of modelling were NPV (Net Present 

Value), IRR (Internal Rate of Return) and parameters that were sensitive to both values, whether financially or 

technically. The result of simulation showed from the financial aspect, wells and power plant cost were the most 

sensitive parameters in IRR calculation, while well’s capacity and steam fraction were the most sensitive 

parameters from the technical aspect. 
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The cisolok-cisukarame geothermal field is a liquid dominated geothermal system situated in Sukabumi District, 

West Java, Indonesia. Geothermometry survey shows that Cisolok-Cisukarame has temperature approximately 

185-212°C in the reservoir. The temperature of the reservoir shows that this is a medium enthalpy geothermal 

system. The thermal manifestation distributed around the Cisolok-Cisukarame area when the Cisukarame 

indicated as the upflow zone and Cisolok as the outflow zone. It is located at the eroded volcanic area with cooling 

pluton acting as the heat source of the system. Based on EBTKE, Cisolok-Cisukarame geothermal field has 45 

MWe possible reserve. NE-SW and N-S faults are acting as the main conduit of the geothermal system. The 

primary purpose of this study is to build a computer model describing the natural state condition based on the 

geological, geochemical, geophysical, and well temperature data from several published literature. The model was 

validated by using mass-heat flow profile obtained from the observation data to achieve the best representation of 

the actual condition. The condition was achieved by modifying the permeability structures and productivity index. 

This model is the first natural state model of Cisolok-Cisukarame geothermal field. The natural state model then 

is used to build an updating conceptual model of Cisolok-Cisukarame by using data from a result of numerical 

modeling. Based on the parameters obtained from the numerical modeling, a new model of Cisolok-Cisukarame 

geothermal field is successfully representing the heat and mass flow within the system. 
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