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Abstract 

The use of cement materials in construction continues to increase every year, consumes lots of raw material and emits CO2 from 
clinker production. To eliminate this negative effect, alternative materials are needed. Trass is natural pozzolan which is formed from 
silica-alumina rich volcanic rocks. As supplementary cementitious material, trass is sufficiently durable and reduce clinker proportion 
in cement mixture, thus more environmentally friendly.  

This research aims to determine characteristics and composition of Kedondong trass and Bobos trass, Cirebon, West Java as raw 
material for pozzolan cement. The study was conducted using petrography and XRD analysis to determine mineralogy of rocks. XRF 
analysis was carried out to determine chemical composition as well as other tests to determine trass quality.  

Kedondong trass is originated from andesite intrusion and andesitic breccia, while Bobos trass is formed from hypersthene-
andesite intrusion. Based on mineralogy analysis, trasses have similar mineral composition consist of plagioclase, quartz, pyroxene, 
hornblende, and sanidine. XRD analysis shows abundance of cristobalite and tridymite from each samples. This mineralogy is 
confirmed by geochemistry result, which is the samples contain more than 70% SiO2 + Al2O3 and less than 4% SO3. Other chemical 
characteristics that have been tested are moisture content, ignition loss, and clay content in which all of those parameters meet the 
industrial standard for cement material. 

 
Keywords: Trass, Supplementary Cementitious Material (SCM), Pozzolanic Cement, Cirebon 

 

 
  

1. Introduction  

Cement production in Indonesia has dubbed to be 
one of the largest in the world. By the last decade, 
domestic sales is consistently rising every year to fulfill 
demand from development of national 
infrastructures.The highest growth is in 2011, which 
was 17.7% with volume of 48 million tons. Later, local 
and multinational cement producers are expanding 
their production capacity (Asosiasi Semen Indonesia, 
2018).  Regular Portland cement production has 
massive carbon footprint which significantly contribute 
to climate change. More than 4 billion tonnes of cement 
manufactured each year emits for around 8% of the 
world’s CO2 emissions (Lehne and Preston, 2018).  

This high emissions is linked to the clinker 
production, a mixture of raw materials fused together 
by heat, for the main ingredient of cement. Clinker is a 
product of chemical conversion called calcination in 
which limestone (CaCO3) is converted to lime (CaO). 
During its process, CO2 is released in the kiln at 600 – 
900 C (Gibbs et al., 2001) as follows: 

CaCO3 + heat  CaO + CO2……………. (1) 
Natural pozzolans can be used as clinker 

substitution in cement blends because its cementitious 
properties, known as pozzolanic activity. Pozzolan is 
defined as siliceous and aluminous materials that has 
little to no cementitious properties on its own, but when 
finely grounded and combined with calcium hydroxide 

in water, it has ability of hydraulic binding (Çullu et al., 
2016). Benefit of pozzolans including low heat of 
hydration, high strength, low permeability, and low 
alkaline-silica reaction. Mineral deposits with 
pozzolanic  Rocks of volcanic origin, particularly 
pyroclastic materials from explosive eruption possess 
pozzolanic properties without extensive processing. 
Trass is one of variety of volcanic ash which possesses 
pozzolanic properties.  

As a volcanic active regions, Indonesia is rich in 
volcanic rocks which some of these are already used as 
natural pozzolan in national’s cement industry. One of 
national cement manufacturer operate in the study area 
(Fig.1) at Palimanan, Cirebon Regency, West Java, 
produced ordinary Portland cement and pozzolanic 
cement. By local people, natural pozzolans in the study 
area is more commonly referred to as trass.  Kedondong 
and Bobos are two quarries location used by the 
manufacturer, hence the name, Kedondong trass and 
Bobos trass. Aims of this study is to provide information 
on trass characteristics and its prospect in this country 
as supplementary cementitious materials (SCM).  

2. Geological setting 

Study area is part of  Bogor Zone physiography, a 
Neogene sedimentary sequences intruded by many 
volcanic rocks, now is a strongly folded anticlinorium 
(Satyana et al., 2002; Van Bemmelen, 1949). Rock 
formations in the study area is mainly dominated by 
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Abstract 

Currently, there are three sub-districts in Tasikmalaya City that are still vulnerable to clean water, namely Kawalu, Tamansari, and 

Cibeureum sub-districts. PDAM Tirta Sukapura, owned by the Tasikmalaya Regency Government, has not been able to meet clean water 

needs, so the Tasikmalaya Municipality Government plans to build a new PDAM as an alternative. PDAM is a regional company with the 

main task of providing services and providing drinking/clean water to the community. The Ciwulan river in Cibeuti Village is a source of 

water that will be used as a collection point. Rain data was taken from 2 stations, namely Gunung Satria and Cikunten II stations, for ten 

years. The evapotranspiration value was calculated using the Penman-Monteith method. The calculation of the discharge in the intake area, 

namely Ciwulan-Cibeuti with a watershed area of 405 km2, used the NRECA method using parameters taken from the calibrated Ciwulan-

Sukaraja station. The calibration parameters are PSUB = 0.86; GWF = 0.22, reduction coefficient = 0.80; and NSE = 0.764. The determination 

of the dependable flow is calculated using the Weibull method. The magnitude of the Q90  dependable flow is 4.3 m3/s. The projected 

population for the next 15 years is estimated at 307,857 people, so the amount of water needed is around 0.535 m3/s. Opportunities for 

business entities to participate in building PDAM are wide open, with the certainty of return plus profits or independent management by 

business entities within a certain period of time. The challenge for the government and business entities is to provide reasonable prices to 

customers and new networks. 

Keywords: Ciwulan-Cibeuti, Dependable flow, NRECA Calibration. 
 

 
 
1. Introduction  

The establishment of Tasikmalaya City is inseparable 
from the history of the establishment of Tasikmalaya 
Regency as its parent regency. In 1976 its status was 
increased to an Administrative Municipality. The milestone 
of the birth of the City of Tasikmalaya occurred on October 
17, 2001, through Law Number 10 of 2001 concerning the 
Establishment of the Tasikmalaya Municipality. The  
Tasikmalaya Municipality has ten sub-districts and 69 
urban villages with a population of 716,160 people 
(Pemerintah Kota Tasikmalaya, 2019). 

Sources of drinking water supply generally come from 
surface water such as rivers, reservoirs, and lakes. As a 
result of anthropogenic activities, there is an uncontrolled 
decrease in water quality and a decrease in quantity due to 
drought (Shaheed & Mohtar, 2015). Water is one of the 
natural resources which is very vital not only for life but 
also for the development of the nation (Sukereman et al., 
2015). 

Clean water is currently a vital need for the community. 
Currently, three sub-districts in Tasikmalaya Municipality 
are still vulnerable to clean water, namely Kawalu, 
Tamansari, and Cibeureum sub-districts. Until now, the 
need for clean water is supplied by the PDAM Tirta 
Sukapura. PDAM Tirta Sukapura is one of the regional-
owned enterprises owned by the Tasikmalaya Regency 
Government whose task is to provide drinking/clean water 
for the people of Tasikmalaya Regency and Tasikmalaya 
Municipality. PDAM Tirta Sukapura is owned by the 
Tasikmalaya Regency Government. Until now, PDAM Tirta 

Sukapura has not fully served the needs of the people of the  
Tasikmalaya Municipality, so the Tasikmalaya Municipality 
Government plans to build its PDAM, primarily to help do 
the people in the three sub-districts. The development of 
this PDAM is an opportunity and a challenge for the 
Tasikmalaya Municipality Government and business 
entities/investors to participate in the development. 

The river used as the source of extraction is the Ciwulan 

river, which is located in Cibeuti Urban village, Kawalu sub-

district. This river is the boundary between Tasikmalaya 

Municipality and Tasikmalaya Regency. The Ciwulan river 

has an automatic water level measuring station, namely the 

Ciwulan-Sukaraja station and its tributary, the Cikunir 

river, namely the Asta station. Figure 1 shows the location 

of the study area and the location of the Gunung Satria and 

Cikunten 2 rain stations. 

2. Methodology 

2.1. Rainfall 

The hydrological cycle is an important process because 
it maintains the availability of surface water for living 
things. Evapotranspiration is part of the hydrological cycle 
playing an important role in the domestic water supply 
(Farah et al., 2017).  The impact of climate change results   
hydrological processes, including increased rainfall, 
especially when extreme events occur (Othman et al., 
2016). The Ciwulan river is managed by the Ciwulan-Cilaki 
River Basin Technical Service Unit. The government has 
widely used the Ciwulan River for public welfare, such as 
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Abstract 

These days, the number of geothermal explorations is being increased to obtain a greater new potential of geothermal energy. One of 
the methods that is often used is magnetotelluric (MT). By MT, the components of a geothermal system can be delineated based on the 
resistivity values. This research’s main purpose is MT data modelling in 1 D and 2 D to delineate the geothermal system in the research 
area. There are 18 point of soundings, with a distance of about 1 – 3 km for each point. Bostick Transformation is used in 1 D modelling 
while Non-Linear Conjugate Gradient inversion is used as 2 D modelling with L – curve analysis as a method to obtain an optimal value of 
regularization parameter. Based on the analysis of 1 and 2 D models, the caprock zone was identified with a resistivity value of < 50 Ωm at 
a depth of 500 m with a thickness of about 250 m. The reservoir zone was identified with a resistivity value range of (50 – 100) Ωm located 
at a depth of 1000 with a thickness of about 500 m. Also, fault structures have been identified at the center of the research area. The 
regularization parameter used for the 2 D modelling is 5, which has obtained RMS values of 2.25% and 2.21% for each line. 

 
Keywords: Geothermal System, Inversion, Magnetotelluric, Resistivity 
 

 
 
1. Introduction  

Indonesia had an increase in population from year to 
year, which has made Indonesia the 4th country in the world 
with the greatest population. Along with the increase of the 
population, the energy needs increased too. Energy supply 
should at least be 1.25% - 1.30% greater than the 
population growth. However, the energy availability in 
Indonesia is not proportional with Indonesia’s population 
which keeps increasing. In the case of 2012, there was an 
increase of 6.20% in population, while only 3.15% of 
increase in total primary energy supply (TPES) (Purnomo, 
2014). 

Indonesia is at the meeting of three plates which are the 
Australian Plate, Eurasian Plate, and Pacific Plate, and 
perhaps also the Phillipine Sea Plate at the North of 
Sulawesi (Katili, 1975). The meeting of those plates has a 
role in the making of the most complex geology setting in 
the world. Indonesia has 129 active volcanoes, which 
spread along Indonesia’s islands. Geothermal energy has a 
connection with volcanic events, which is why lots of 
geothermal systems were created in Sumatra, Java, 
Southeast Nusa, Sulawesi, and Maluku. Indonesia is a 
country with 29 GW of geothermal reserve. Geothermal 
energy is planned to be utilized in a greater number to 
become one of the renewable energies to contribute as the 
national energy, reaching 4% by 2025 (Purnomo, 2014). 

One of the geophysical methods used for geothermal 
explorations is MT. This method used the propagation of 
electromagnetic wave with a great depth of penetration, 
which reached tens of metres to tens of kilometres (Vozoff, 
1991). MT can represent the subsurface of a geothermal 

system based on the resistivity values. MT is effective to 
delineate the conductive layer compared to the resistive 
ones (Wameyo, 2005). This method is suitable for 
geothermal exploration because the caprock in a 
geothermal system can be delineated due to its conductivity 
which will have a contrast in values with the layer below it, 
reservoir. 

Before this research was conducted, an earlier research 
has been done in “Diana” Area by Kholid and Marpaung 
(2011). This research was conducted on 36 MT sounding 
points, which resulted in 2-D models. The results have 
identified the caprock zone with resistivity value of < 100 
Ωm in the center of the area, which spreads to the North. 
The caprock zone is located in the elevation of – 1000 asl 
with a thickness of 500 – 1000 m. The reservoir zone is 
located below the caprock zone, which is at the depth of 
1000 – 1500 m, which deepens to the East and West 
direction. The reservoir zone is bordered by a fault 
structure with East – West direction. 

In this research, Bostick Transformation will be used for 
1 D modelling and Non-Linear Conjugate Gradient inversion 
for 2 D modelling. The results will be analysed based on 
resistivity values to identify the geothermal system 
components in Diana “Area”, which are caprock, reservoir, 
and fault, based on the contrast in the resistivity values 
shown. Then, the regularization parameter tau (τ) which 
gives the most optimal 2-D model will be decided. Last, both 
models will be compared and the most optimal model will 
be decided. 

2. Geology and Stratigraphy 
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