International Journal of Multidisciplinary Research and Growth Evaluation www.allmultidisciplinaryjournal.com

International Journal of Multidisciplinary
Research and Growth Evaluation.

Characteristics of Basement Reservoirs in Indonesia

Benyamin ", M Burhannudinnur 2, Dyah Ayu Setyorini 3
-3 Department of Geological Engineering, Universitas Trisakti, Jakarta, Indonesia

* Corresponding Author: Benyamin

Article Info Abstract
The lack of information regarding reading materials, references and writings regarding

the potential of bedrock reservoirs in Indonesia is the main reason for the author in

ISSN (online): 2582-7138 compiling a paper entitled "Potential of Bedrock Reservoirs in Indonesia”. Existing

Impact Factor: 5.307 (SJIF) publications are in the form of papers in scientific forums both at home and abroad
Volume: 05 with topics limited to 2 or 3 existing fields and repeated in almost the same versions
Issue: 01 and authors. Another factor that is no less important is the fact that subsurface data is
January-February 2024 only stored in each company's database so that it is difficult for other companies to

. . ) access it, even for companies with work areas that are located next to each other, thus
Received: 09-01-2024; this potential is not developed more widely.

Accepted: 11-02-2024 There are around 70 (seventy) potential bedrock reservoirs spread across 9 basins
Page No: 957-964 which are included in the category of basins proven to produce hydrocarbons in 15
Production Company operating in Indonesia. This potential is divided into 4
categories: potential that has become a production field, proven from test results but
has not yet been developed, potential based on analogous subsurface data (logs, mud
logs and indications from shows) and potential that is still in the form of prospects and
concepts. The systematic writing is divided into several chapters, each chapter
explaining the potential in each basin, plus a chapter which is a resume of the existing
potential.

Keywords: Basement, Reservoir, Distribution, Indonesia

1. Introduction

Basement reservoirs are unique reservoirs because they are different from conventional reservoirs, either sandstone or carbonate
reservoirs. According to Landers, 1960, in Koning and Darmono, 1984, basement is all igneous and metamorphic rocks
(regardless of the age of rocks) which are not aligned closed by sequences of sedimentary rocks (Figure 1).

Basement reservoirs are a group of naturally fractured reservoirs. This is in line with the statement that the largest proportion of
proven reserves in the world is found in reservoir rock fractures. Nelson, 2001, recorded more than 370 fields with natural
fracture contributing significantly to hydrocarbon production.

There are three reasons that make basement reservoir important. The first reason is the fact that the search for hydrocarbons in
conventional reservoirs has become increasingly difficult. Currently, hydrocarbon exploration activities have to be done near
existing field for the probability of success to be high.

Second, it is necessary to change the paradigm of searching for basic hydrocarbons from accidental discovery (the same paradigm
when looking for hydrocarbons in conventional reservoirs) to a more purposeful one.

The third reason is study of basic reservoir characteristics such as trap type, reservoir type, petrophysics and production behavior
of each base rock. The outcome of the study then can be expected to be an answer to the question of where must we be looking
for more hydrocarbons.
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Fig 1: Basement (Modified from Landers, 1960)

Basement Reservoir in Indonesia

Indonesia has an evident potential as oil and gas field, proven
by tests result. Everything came from crystalline reservoir, in
the form of crystalline rock with rough texture, fine texture,

www.allmultidisciplinaryjournal.com

to volcanic rocks.

Indonesia actually has a great potential for crystalline rocks,
if not exceptional. And in discussing crystalline rocks in
Indonesia, one has to include the potential for volcanic and /
or volcaniclastic rocks. The definition or limitation of
volcanic and / or volcaniclastics reservoirs in Indonesian
region is a reservoir constructed from rocks produced from
volcanic eruptions, either direct products (volcaniclastic) or
indirect (epiklastik volcanic).

In referance to the basic definition of rock by Landers as
previously mentioned, volcanic rocks will not be
differentiated here, although in the discussion of pyroclastic
rocks there will be a separate classification of volcanic rocks
which separate them from the classification of igneous rocks.
In Indonesia there are approximately 70 structures / prospects
scattered in 10 basins - nine proven basins and one still in
study - (Fig. 2) which potential for basic hydrocarbon
reservoirs had been proven. The potential is evident from the
results of tests, indications of hydrocarbons from mud log
data, and petrophysical analysis or log response.
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Fig 2: Basement Reservoir Distribution in Indonesia

The nine basins included in the basin category with
hydrocarbon production are the basins of North Sumatra,
Central Sumatra, South Sumatra, West Natuna, Sunda, North
West Java, North East Java, Barito Basin, and Salawati. The
potential in the Salawati basin is still being studied.

The width of the basin which has the potential of a basement
reservoir is based on the smallest, namely the Sunda basin
with an area of 18,840 km2 to the largest one, namely the
North East Java basin with an area of 190,300 km2. While
the potential number ranges from only one potential (Sunda
basin and Barito basin) to the highest, which is 25 potential
in the West Natuna basin.

The amount of each potential in each basin has a wide range
and there is no correlation between the potential number and
the basin area. For example, the Sunda basin with a basin area
of 18,840 km2 has one potential, so does the Barito basin with
a larger area of 40,660 km?2.

Another example is the North East Java basin, with an area

as large as 190,300 kmz2 it has only two potentials, whereas
the North West Java basin with a basin area of only 23,340
km2 has 10 potentials (Figure 3).

The lowest percentage potential is one percent in the Barito
and Sunda basins to the largest 39 percent in the West Natuna
basin (Figure 4).

It can be temporarily concluded that the number of basement
reservoir potentials in each basin, the status of each potential,
and the hydrocarbons produced, does not depend on the
extent of the basin where the potential is located.

The depth of wells that penetrate to the rock base in Indonesia
is in the range of 1600 feet to 12500 feet, with locations
onshore and offshore. For those who are offshore, the water
column depth averages 50-250 feet. The shallow well with a
depth of 1634 feet is located in the North East Beruk field,
the CPP Working Area in the South Sumatra basin and the
deepest well with a depth of 12494 feet is in the 29th
structure, the West Madura Offshore Working Area in the
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Fig 4: Basin With Basement Reservoirs

The range of basement depth in eight basins that have feet (35 percent) and 9000 feet to 12000 feet (20 percent).
basement reservoir potential has a range of percentages that If we use the value of 6000 feet as the middle value of the
are not too wide (20-35 percent). The range can be divided depth of the rock in the eight basins (the red line in figure 5),
into four, namely a range of 1000 feet to 3000 feet by 20 then each depth of the basin can be positioned.

percent, 3000 feet to 6000 feet (25 percent), 6000 feet to 9000
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Fig 5: The Depth of Basement Reservoirs

Potential rock reservoirs in the Central Sumatra basin and
Barito basins are at the intervals that are not too deep; the
South Sumatra basin, North West Java and North East Java
are at the deep intervals; while the North Sumatra, West and
Sunda Natuna basins have basement reservoir potential at the
intervals that are not too deep to deep.

2. Materials and Methods

Basement lithology that has the potential as a hydrocarbon in
Indonesia is very varied and very complex. Even in an area
that has potential, basement can have lithological variations
with mechanism of formation difficult to explain in
geological manner.

More than 80 percent of lithology data came from the
description of cutting or mud logging data, the remaining 20
percent came from core rock data, half of which are sidewall
core data in the form of fullcore data.

Based on the sorting of data from the core that has been

carried out by petrographic analysis, log correlation and
consideration of several cases of basement lithology that has
the potential as a reservoir are simplified into four types,
namely Igneous Rocks, Metamorphic Rocks, Volcanic
Rocks, and Metasediment Rocks.

Igneous rock, which consists of granite, granodiorite, and
diorite (including granite wash), is the most basic type of rock
lithology (40 percent). Metamorphic rock consists of schist,
phylite, quartzite, and a little gneis (31 percent). Volcanic
rocks consist of andesite / basalt and tuff lava (22 percent).
Metasediment rocks consist of wacke and or greywacke
sandstone and marble which are still seen as rocks of
carbonate.

It is more than possible that the basment referred in the
definition by Landers in 1960 actually consists of only
Igneous Rocks, some Metamorphic Rocks and some
Volcanic Rocks, and the rest may or may not meet the
basement criteria.

Table 1: Basement lithology variations

North Sumatra | Central Sumatra | South Sumatra | West Natuna Sunda North West Java | North East Java | Barito
Granite Granite Granite Granite
Metamorphic Metamorphic Metamorphic | Metamorphic | Metamorphic
Metasediment Metasediment Metasediment Metasedimen Metasedimen
Volcanic Volcanic Volcanic Volcanic Volcanic

Composition of the basic rock lithology that has the potential
as a hydrocarbon reservoir in each basin is a variation of basic
rock lithology consisting of Frozen Rock - which is
simplified to Granite, Metamorphic, Metasediment and
Volcanic Rock.

Only South Sumatra basin has the fourth complete variation
of the basic lithology. Other basins only have two or three
lithological variations, some even only one lithology. The
North Sumatra Basin for example, consists of three
lithologies: Granite, Metamorph and Metasediment; North
West Java and North East Java consist of two lithologies:
Metasediment and Volcanics; while Sunda and Barito are
only one lithology, in the Sunda basin Metamorphic rocks
and in Barito Volcanic rocks (Table 1)

Variations in basement reservoir lithology in basins that only
have one or two lithologies can not reflect the overall
lithological variation of basement in the basin. This limited
lithological variation was caused by the low numbers of
drilling wells that reached the basement.

Assuming that the variation of rock reservoir lithology in
each basin reflects the actual lithological variation, the
lithological distribution in each basin is Granite and its
variation is in the range of 40-70 percent, Metamorphic (14-
40 percent), Metasediment (14 -100 percent), Volcanic rocks
(4-100 percent). Figure 6a through Figure 6d shows the
distribution of variations in the basement reservoir lithology
in each basin.
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3. Result and Discussion

C

The status of the basic reservoir potential is divided into
production field, as evidenced by the test results and potential
of the show, drilling data such as logs, and other data.

Like the type of lithology, the number of potentials in each
basin does not correlate directly with the number of potential

d

Fig 6: Lithology Variation of Basement Reservoir in each Basin

statuses as production fields.

For the overall potential, only 42 percent of all potential
statuses become production fields (dark green), the rest are
still proven from test (light green) and the potential of the
show or analogy based on log data, is yellow (Figure 7).

Fig 7: The Status Of Basement Reservoir

Based on statistic data per basin, the highest potential
production status is in the South Sumatra basin, which
consists of many fields. The status of the proven potential of

the most tests is in the North West Java Basin, which also

consists of many fields.
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Fig 8: The Status of Basement Reservoir Potential

Next, the greatest potential status is in the Natuna West basin,
as many prospects in this basin are drilled to basement. But
this needs further proofs, although drilling data for some
wells shows an interesting indication, but after being tested it
did not produce good results. Figure 8a to Figure 8d show the
distribution of the basement reservoir potential status of each
basin.

Basement reservoirs in Indonesia in addition to consisting of
crystalline and volcanic rocks also have a basic reservoir with
weathering lithology from crystalline rocks (especially
Granite) called granitic reservoirs.

Basically the basement reservoir is part of the natural fracture
reservoir, because it is a crystalline rock that has no primary
porosity and permeability. If any, the value is very small so it
must have porosity and secondary permeability to be able to

become a hydrocarbon reservoir. Secondary porosity and
permeability in the rock base are usually produced from
natural fractures.

Nelson, 2001, had divided natural fracture reservoirs into
four main types - based on matrix characters which are then
modified by Alan and Qingsun's, 2003 (Figure 9). In the new
classification the difference between type Il and type Il
mainly lies in the terminology of fracture porosity versus
reservoir porosity compared to the terminology of
permeability.

Based on existing data, basement rock reservoirs in Indonesia
can generally be categorized in type Il and 111, only a few are
included in categories | and IV. The basement reservoir type
distribution in Indonesia can be seen in figure 10.
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Fig 9: Classification of the naturally fractured reservoir based on percent of total permeability and porosity of the matrix and fractures
(Deepshikha Singh, 2023)
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Fig 10: The Basement Reservoir Type Distribution in Indonesia

Regarding the fluid content, based on production results and
tests carried out in wells drilled to the basement in Indonesia,
the composition of the basement reservoir consists of 54
percent filled with gas, 38 percent containing oil and 8
percent containing water (Figure 11).Based on the results of
production and tests carried out in wells drilled to the
basement, the composition of the basement reservoir
reservoir containing oil versus lithology consists of 30
percent oil in Granite rock and its variations, 33 percent are
in various Metamorphic and Metasediment rocks and 37
percent are in various types of Volcanic rocks (Figure 12).
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Figl1: Fluid Content in Basement Reservoir
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Fig 12: Oil Content in Basement Reservoir

The composition of the basement reservoir content
containing gas versus lithology consists of 53 percent of gas
in Granite rock and its variations, 40 percent are in various
types of Metamorphic and Metasediment rocks and only 7
percent are in various types of Volcanic rocks (Figure 13).
This discussion section provides a comprehensive analysis of
the challenges, distribution, potential, and future prospects of
basement reservoirs in Indonesia, with the aim of stimulating
increased exploration and exploitation activities in this
unique and valuable resource.

Gas

B Granite B Metamorphic M Volcanic

Fig 13: Gas Content in Basement Reservoir

4. Conclusion

1. The lack of information regarding reading materials,
references and writings regarding the potential of
bedrock reservoirs in Indonesia is the main reason the
author wrote a paper entitled "Potential of Bedrock
Reservoirs in Indonesia"

2. This is because subsurface data is only stored in each
company's database, making it difficult for other
companies to access it, even for companies with adjacent
work areas, so the potential is not developed more
widely.

3. There are around 70 (seventy) potential bedrock
reservoirs spread across 9 basins which are included in
the category of basins proven to produce hydrocarbons
in 15 Production Companies operating in Indonesia

4. This potential is divided into 4 categories, namely
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potential that has become a production field, proven
from test results but has not yet been developed, potential
based on subsurface analog data (logs, mud logs and
indications of oil appearance) and potential that is still in
the development stage. form prospects and concepts

It is hoped that this article can stimulate oil and gas
exploration and exploitation activities in basement
reservoirs in Indonesia
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