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ABSTRACT
Indonesia's oil and gas reserves are small and certainly will run out quickly if production is not
followed by additional efforts. Exploration activities are not only one effort but also the first
step of all efforts to increase reserves through the discovery of oil and gas resources. Efforts
are needed to attract exploration investment interests, including access into available data,
presentation of results from exploration activities and geological risk.
The present research aims to study the characteristics of the geological risk in several basins
based on the quantitative geological factors. In conducting the quantitative analysis, there are
some factors of petroleum system that have to be recognized inter alia, source rock, reservoir,
seal, trap, migration, fault and fold.
For this purpose, six basins were selected representing frontier, semi mature and mature
basins. Three basins were taken from the western part of Indonesia, and three others from
the eastern part.
Keywords: exploration, petroleum system, quantitative analysis, geological risk factors, six

basins.

INTRODUCTION

Geologicalrisk is anassessmentused in order
to make a classification of basins to assist the
policy making of a successful oil and gas
drilling. Therefore the analysis of basin
classification has an important role in
determining geological risk, because it aims
toincrease the efficiency ofassessment of the
petroleum basin based on the characteristics
of the geological risk factors.

The parameters used in the classification
are source rock, reservoir, seal, trap,
migration, and the sstructures, which will

produce a map delineating the group of
geological risk factors.

METHODS

The quantitative data of geological aspeds
taken from each basin were analyzed. It
composes of part of the petroleum system
namely source rock, reservoir, seal, trap,
migration, and the quantitative structures.
The parameters are used to assess the
available data resulting in the classification of
risk categories namely very high, high,
moderate, low, and very low (Table 1).

Table.1 Risk Categories by Weight of Assessment

WEIGHT OF
ASSESSMENT RISK CATEGORY
WA > 18 Very Low Risk
18 > WA > 12 Low Risk
12>WA =6 Moderate Risk
6 >WA=>3 High Risk
3> WA Very High Risk

The data obtained were analyzed using
descriptive statistical approach.Visualize the
results of analysis in the form of tables and

map. The scheme of the research method is
shown in (Figure 1.).
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Figure 1. Flow chart of research methods.

This quantitative methodis beneficialin terms
of time efficiency and simplicity, which will be
very important for policy makers.

The research is focused on six petroleum
basins in Indonesia, namely North West Java

Basin, Pati Basin and Ujung Kulon Basin
representing the western part of Indonesia.
As for the Eastern Indonesia Basin it includes
Salawati Basin, Seram Basin and South
Makasar Basin (Figure 2).
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Location of basin which is the focus of the study is marked in purple

Figure 2. Location of the study areain the map of basin in Indonesia (IAGI, 1985).

RESULTS AND DISCUSSION

From the regional geological data analyzed in

each basin, the grouping of quantitative data

is carried out. From the quantity weighted
results of the analysis on geological
characteristics a total weight can be
summarized to identify the levels of the risk

(Table 2 & Table 3).

The results of the analysis are described as

follows:

a. In North West Java Basin, five
formations have the potential as Source
Rock, namely: Banuwati Formation,
Jatibarang / Talangakar Formation,
Eocene Formation, Parigi Formation, and
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Cisubuh Formation, five formations have

the potential as Reservoir namely:
Talangakar Formation, Baturaja
Formation, Formation Cibulakan, Main

Formation, and ParigiFormation, four Seal
/ Cap Rock namely: Cisubuh (Shale),
Upper Cibulakan (Mudstone), Baturaja
(Shale), Talangakar (Shale), four types of
traps in the basin namely: Structural,
Anticlinal, Fault and Stratigraphic (USGS,
2000), (Pertamina BPPKA,1996). Also
major faults and folds are found in the
basin (PERTAMINA and BEICIP FRANLAB,
1992) as shown on Figure 3.
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Figure 3. Play concept North West Java Basin (PERTAMINA-BEICIP, 1992).

From the results of the quantitative analysis
of the geologicalaspects, the North West Java
Basinis categorized asa basinthathas a Very
Low Risk (Table 2 & Table 3).

b. In Pati Basin, two formations have the

potential as Source Rock, namely: "CD"
Formation, and Kujung Unit II Formation,
four formations have the potential as
Reservoir, namely: "CD" Formation, Unit

Kujung Formation, Unit III Kujung
Formation, and "OK" Formation, 4 Seal /
Rock Cap namely: "GL" (Shale), Lower
"OK" (Shale), Kujung Unit II (Shale), "CD"
(Shale), three types of traps in the basin
namely: Structural, Stratigraphic,and Mix
(Patranusa Data, 2006), as shown on
Figure 4.

Figure 4. Hydrocarbon Play of Pati Basin (Patranusa data, 2006)

Major faults are found in the basin. From the
results of the quantitative analysis of the
geologicalaspects, the North West Java Basin
is categorized as a basin with Low Risk (Table
2 & Table 3).

C.

In Ujungkulon Basin, one formation has
the potential as Source Rock, namely:
Batuasih Formation, two formations have
the potential as Reservoir namely: Bayah
Formation, and Rajamandala Formation,

one Seal / Rock Cap namely: Upper
Batuasih (Shale)one type oftrap namely:
Structural (PERTAMINA-BEICIP, 1992,
and Yulianto et al.,, 2007) as shown on
Figure 5. Major faults are found in the
basin.From the results ofthe quantitative
analysis, the geological aspects of the
Ujungkulon Basin are categorized as
basins with Low Risk (Table 2 & Table 3).
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Figure 5. Seismic Cross Section Map of Ujung Kulon Basin (PERTAMINA-BEICIP, 1992),
(Yulianto et al., 2007)
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d. In Salawati Basin, 3 formations have the

potential as Source Rock, namely: Sirga
Formation, Klasafet Formation, and
Klasaman Formation, 2 formations has the
potential as Reservoir namely: Faumai
Formation, and Kais Formation, 1 Seal /
Cap Rock namely: Kais (Clay / Marl) 1 type
of trap in the basin, namely: Structural
(Patranusa Data, 2006), and (Satyana,

r
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2009). as shown on Figure 6. Also found
aspects such as Major faults in the basin
(Patranusa Data, 2006), (Satyana, 2011).
From the results of the quantitative
analysis of the geological aspects, the
North West Java Basin is categorized.
From the results of the quantity analysis,
the geological aspects of the Salawati
Basin are categorized as basins with Very
Low Risk (Table 2 & Table 3).

PLAY CONCEPT

{ S Source
R) Reservoar
(8] Seal

Figure 6. Hydrocarbon play model of Salawati Basin (Patranusa Data, 2006).

e. In Seram Basin, 4 formations have the

potentialas Source Rock, namely: Kanikeh
Formation, Manusela Formation, Nief beds
Formation and Saman Saman Formation,
2 formations has the potential as Reservoir
namely: Kanikeh Formation, Manusela
Formation, 1 Seal / Cap Rock namely:
Kanikeh (Clay) 1 type of trap in the basin,
namely: Structural. Also found aspeds

such as Major faults in the basin
(Patranusa Data, 2006). From the results
of the quantitative analysis of the
geological aspects, the North West Java
Basin is categorized. From the results of
the quantity analysis, the geologial
aspects of the Seram Basin are
categorized as basins with Low Risk (Table
2 & Table 3).

Figure 7. Hydrocarbon play of Seram Basin (Patranusa Data, 2006)
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In South Makassar Basin, 2 formations

have the potential as Source Rock,

namely: Toraja Formation,

Tonasa

Formation, 1 formation has the potential

Formation, 1 Seal / Cap Rock namely:
Makale (Clay) 1 type of trap in basins
namely: Structural. Also found aspeds
such as Major faults in the basin

as a Reservoir, namely: Tonasa (Patranusa Data, 2006), Figure 8
SW - Hnlp!: ——

- ? AMIS-50 t x o o
2,000m 2 000
4.000m & 1w

et gt Gt 14t G4y ¢
dtdecctercndccccse
ol 40“’:(00; Bt bt he odmy )
- £ L f e s L 4 e
# 200 A A N A BNyt (¢ Cu€ ot
[, A 5 N A B S A e
LR & O00Yn
- '.
10 100wn — - D.'l FI;* b~ o
=2 Gas Flow
(8 Source (3] Sest(R) Resarvoar

Figure 8. Hydrocarbon Play, Sotuh Makasar Basin (Patranusa Data, 2006)

From the results of the quantity analysis, the
geologicalaspects ofthe South Makasar Basin

are categorized as basins with Moderate Risk,
as summarized in Table 2 & Table 3.

Table 2. Summary of Geological Characteristics of the Basins

PETROLEUM SYSTEM

REGION BASIN
SOURCE ROCK RESERVOIR SEAL TRAP FAULT FOLD
Banuwati Formation
Jatibarang/Talang Akar Cisubuh (Shale/Claystone)
Formation . Talang Akar Formation Upper Clbula!(an (Mudstone) Structural
Eocene Formation Baturaja Formation Baturaja (Shale) ‘Anticlinal
Parigi Formation Cibulakan Formation Talangakar (Shale), Fault 5 Major Fault 4 Major Anticline
North West Java Cisubuh Formation, Main Formation (PERTAMINA-BEICIP, 1992) Stratigraphic (Patranusa Data, (Patranusa Data,
(PERTAT;Q;\)—BEICIP, Parigi Formation (Patranusa Né?r:CVOeI::TavSayiﬁ—iu:cfe (Patranusa Data, 2006) 2006)
, )
< (Petroleum System of bata, 2006) USGS, 2000) 2006)
o Northwest Java Province,
a USGS, 2000)
-
2
o e~ N "CD" Formation "GL" (Shale) Structural .
3 Ku 'unciofr?g;i:oanit 1 Kujung Formation Unit IIT Lower "OK" (Shale) Stratigraphic (H dlropggig;;a‘;llta of
nﬂn' Pati (I;]atrgnusa Data, 2006) Kujung Formation Unit I Kujung Unit II (Shale) Mix PaZi Basin (Patran{isa None
! "OK" Formation (Patranusa "CD" (Shale) (Patranusa Data, Data, 2006))
Data, 2006) (Patranusa Data, 2006) 2006) '
Batuasih Formation _Bayah Formatlon_ Upper Batuasih (Shale) 8 Major Fault
N N Rajamandala Formation N N Structural
N (Regional Stratigraohy of " . (Regional Stratigraohy of " (PERTAMINA-BEICIP,
Ujungkulon West Java (Martodjojo, (Regional Stratigraohy of West Java (Martodjojo, (Yulianto et al., 1992), (Yulianto et None
2003)) West Javzao(()l‘;;rtod]om, 2003)) 2007) al., 2007)
Tz TTajoT TauTT
Sirga Formation . . (Patranusa Data,
N Faumai Formation Structural !
Salawati KE:?:;:E T:O‘)r,—r:itl%; Kais Formation, (Patranusa Kais (Clay/Marl), (Patranusa (Satyana, 2009), nggﬁl’ (Zaltoar:;rrrgl None
(Patranusa Data ZOOé) Data, 2006) Data, 2006), (Satyana, 2009) (Patranusa Data, al 20%9) 4
g (Satyana, 2009) 2006) o g
(Satyana, 2009) (Patranusa Data,
EYNY2
2 Kanikeh F ti
I anikel ormation N
: Manusela Formation Fufa Formation, Kanikeh Structural (H ﬁ:::ﬂg;:apﬂt of
a Seram Saman Saman Formation Formation, Kanikeh (Clay) (Patranusa Data, ySeram Basiny None
o Nief Beds Manusela Formation (Patranusa Data, 2006) 2006) ' Patranusa Dat’a
3 (Patranusa Data, 2006) (Patranusa Data, 2006) ’
@ 2006)
o
5 Major Fault
South Makasar 'ITc?r::Jsaa ';?):Eaattli?)rr: (Pa{:::j:aFlg:tnaatizo;ue) (Patrg:j:aleD(actlaay% 006) (Patsr:::ﬁ;:rglata, (Hyg;::o;asl’::}/ of None
(Patranusa Data, 2006) ' 4 2006) Patranusa Data,

2006)
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Table 3. Basin Classification Based on the Quantity of Geological Factors

PETROLEUM SYSTEM

REGION BASIN WEIGHT OF RISK CATEGORY
SOURCE ASSESSMENT
RESERVOIR SEAL TRAP FAULT FOLD
ROCK

5 North West Java 5 5 4 4 5 4 27 Very Low Risk
0

o

H Pati 2 4 4 3 1 0 14 Low Risk

E' Ujungkulon 1 2 1 1 8 0 13 Low Risk

g Salawati 3 2 1 3 12 3 24 Very Low Risk
=

g. Seram 4 3 1 1 4 0 13 Low Risk

H

g- South Makasar 2 1 1 1 5 0 10 Moderate Risk

The results of the analysis are greatly
influenced by the Petroleum System and the
available data from each basin. Finally, it will
affect the results obtained in determining the
geological risk.

By using basinriskcategoryin Table 3, a map
of categorized risk level was produced. The
map ofrisk level category in the six basins in
the western and eastern regions of Indonesia
is shown on Figure 9.

MAP OF BASIN IN INDONESIA
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Figure 9. Map of risk level category in the six basins in the western and eastern regions of
Indonesia (Base map IAGI, 1985)

CONCLUSIONS

The studied six basins show the total weight
of geological factors, respectively as follows:
North West Java Basin 27, Pati Basin 14,
Ujung Kulon Basin 13, Salawati Basin 24,
Seram Basin 13,and South MakasarBasin 10.
The weighted geological factors classify the
basins into the following category:

. Very Low Risk for North West Java Basin
Low Risk for Pati Basin

Low Risk for Ujungkulon Basin

. Very Low Risk for Salawati Basin

Low Risk for Seram Basin

Moderate Risk for South Makasar Basin.

"N oTw
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RECOMMENDATIONS

This study is focused only for 6 of about 60
sedimentary basin in Indonesia. The same
method should be applied for whole
sedimentary basin. So that the sedimentary
basin map will be easier to read with its own
geological riks category.

ACKNOWLEDGMENT

The author would like to express vote of
thanks to those who have helped the
preparation of this article, until it can be
realized.



Bulletin of Scientific Contribution, Volume 16, Nomor 2, Agustus 2018 : 141-148

REFERENCES Exhibition, May 2011

IAGI, 1985, Peta Cekungan TersierIndonesia.

Bishop, G. M., 2000, Petroleum System of the
Northwest Java Province, Java and
Offshore Southeast Sumatra, Indonesia,
USGS.

Martodjojo, S., 2003, Evolusi Cekungan
Bogor, Bandung, Penerbit ITB.

PERTAMINA and BEICIP FRANLAB, 1992,
Global Geodynamics, Basin Classification
and Exploration Play-types in Indonesia,
Volume I, PERTAMINA, Jakarta.

Satyana, A., et al., Significance Of Focused
Hydrocarbon Migration In The Salawati
Basin : Controls Of Faults And Structural
Noses, PROCEEDINGS, IPA Twenty
Seventh Annual Convention & Exhibition,
October 1999.

Yulianto, I., Hall, R., Clements, B.,dan Elders,
Christopher R.,, 2007, Structural And
Stratigraphic Evolution of the Offshore
Malingping Block, West Java, Paper
IPA07-G036, 2007, Indonesian
Petroleum Association, 31th Annual
Convention Proceeding.

Teass, A.P., et al., 2009, New Insight into
Structure and Tectonics of the Seram
Trough from SeaSeep High Resolution
Bathymetry, Paper IPA09-G-091, 2009,
IPA Twenty Seventh Annual Convention
& Exhibition, May 2009.

Satyana, A., 2009, Emergence Of New
Petroleum System In The Mature
SalawatiBasin : Keys From Geochemical
Biomarkers, Paper IPA09-G172, 2009,
IPA Twenty Seventh Annual Convention
& Exhibition, May 2009.

Maulana, A., Ellis, 1.D., Christy, G.A., 2010,
Petrology, Geochemistry and Tectonic
Evolution of the South Sulawesi
Basement Rocks, Indonesia Adi
Maulana, David ] Ellis, Andrew G Christy,
Paper IPA10-G-192, IPA Twenty Eigth
Annual Convention & Exhibition,2010

Pireno, E.G., Darussalam, N.D., Petroleum
System Overview Of The Sebuku Block
And The Surrounding Area: Potential As
A New Oil And Gas Province In South
MakassarBasin, Makassar Straits, Paper,
IPA10-G-169 IPA Twenty Eigth Annual
Convention & Exhibition,2010

Riadini, Putri, et al., Tectonic Evolution of the
Seram Fold-Thrust Belt and Misool-Onin-
Kumawa Anticline as an Implication for
the Bird’s Head Evolution, Paper, IPA10-
G-154 IPA10-G-169 IPA Twenty Eigth
Annual Convention & Exhibition,2010

Satyana, A., Herawati, N., 2011, Sorong
Fault Tectonism and Detachment of
Salawati Island: Implications for
Petroleum Generation and Migration in
Salawati Basin, Bird’s Head of Papua,
Thirty-Fifth  Annual Convention &

147



Bulletin of Scientific Contribution, Volume 16, Nomor 2, Agustus 2018 : 141-148

148



