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ABSTRACT. The Asahan Field is one of the offshore areas in the North Sumatra Basin,
which is believed to have an important role in hydrocarbon exploration in the future. The
North Sumatra Basin is an area with high overpressure conditions and sometimes is over-
predicted, especially in the Baong Formation. This research aims to determine the top and
bottom overpressure zones, to know the vertical distribution of overpressure, and to find
the main factors causing the overpressure in the Baong Formation. The data used in this
study were 5 wells with wireline log data, formation pressure data, test leak, final well
reports, mud logs, 29 lines of 2D seismic data, and 1 3D seismic data. This study used
the Eaton method to determine pore pressure, whereas the cross-plot wireline log method,
the Al (acoustic impedance) inversion method, and the stacking velocity were used to de-
termine pore pressure. The study indicated that the overpressure zone is located in the
Baong Formation at 1650-2108 m depth with a pore pressure of around 2891.70-3580 psi.
The overpressure is caused by a loading mechanism, namely disequilibrium compaction.
The thickness of the formation above the Baong Formation influences this.
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1 INTRODUCTION

The North Sumatra Basin has been known as an
area with high overpressure conditions (Syai-
ful et al., 2014). The top overpressure in this
basin is mostly located at the top of the Baong
Formation. However, overpressure condition
in this formation becomes an interesting discus-
sion since there are some difficulties to predict
(Syaiful et al., 2014). The cause of overpressure
is believed to be related to the rapid deposition
or burial of sediment (Azis & Bolt, 1984).
Overpressure mechanisms can be catego-
rized into 3 groups, of which the first group
is pressure-related mechanisms such as dis-
equilibrium compaction and tectonic pressure
(Swarbrick and Osborne). The two mechanisms
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for increasing the volume of the fluids are tem-
perature addition, water discharge due to min-
eral transformation, hydrocarbon generation,
cracking of oil to gas, and gas expansion with
uplift. Finally, the fluid movement and buoy-
ancy mechanisms are the hydraulic head, os-
mosis, buoyancy due to density contrasts, and
lateral transfer (Swarbrick & Osborne 1998).

Information on the mechanism of overpres-
sure formation will be very important in ac-
curately predicting the presence of overpres-
sure in a sedimentary basin. Accurate predic-
tions can assist in overcoming drilling opera-
tional problems such as casing planning, mud
design, blowout prevention design, optimiza-
tion of well locations, and others. This study
will reveal the mechanism that occurred in the
studied area, known as Asahan Field (Figure 1,
located in the offshore area of the North Sumat-
era Basin.
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FIGURE 1. The location of the Asahan Field in the North Sumatra Basin. Boundaries of the study area are
shown in red outline (base map taken from earth.google.com).

2 REGIONAL GEOLOGY

The North Sumatra Basin is located in the
northern part of Sumatra, including the coast
of North Sumatra. This is a back-arc basin re-
sulting from the subduction of the Indian crust
under the Eurasian crust that occurred during
the late Eocene — Oligocene (Hakim et al., 2007).
This basin is separated from the Central Suma-
tra Basin by the Asahan Arc. The boundaries of
this basin are the Malacca Shelf in the east, the
Barisan Mountains in the southwest, the Asa-
han Arc in the south, and open to the Andaman
Sea in the north (Hakim et al., 2007). Initially,
the North Sumatra Basin was formed together
(Ryacudu et al., 1992) with the West Aceh Basin
and the West Sumatra Basin, but the compres-
sion structure that forms the Barisan Mountains
has separated the North Sumatera Basin from
other basins. The average geothermal gradient
is 450°C/km with some geothermal gradients
greater than 500°C/km and a basin area of 258
km? (Ryacudu et al., 1992).

Pertamina divides the Tertiary deposits of the
North-East Sumatra Basin into 7 formations,
namely the Parapat Formation, Bampo For-
mation, Belumai Formation, Baong Formation,
Keutapang Formation, Seurula Formation, and
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Julu Rayeu Formation (Pertamina,1985). Ac-
cording to a report compiled by Pertamina and
BEICIP, the tectonic process of the basin has
divided the regional stratigraphy of the North
Sumatra Basin in the order from old to young
as follows (Pertamina, 1985).

The pre-Tertiary Basement consists of ig-
neous rock, metamorphic rock, carbonate, and
Triassic-aged Halobia fossils located out of
alignment under the sedimentary rocks above
(Pertamina, 1985). Parapat Formation (Early
Oligocene) is overlying the basement and con-
sists of coarse sandstones and conglomerates
at the bottom of the seta above which there
are shale inserts. Regionally the lower part is
deposited in a fluviatile environment and the
upper part in a shallow marine environment
(Pertamina, 1985). Bampo Formation (Late
Oligocene) is deposited above Parapat Forma-
tion. Bampo Formation consists of non-layered
black shale associated with thin limestone and
carbonate clay layers; these formations are poor
in fossils and deposited in a reduced environ-
ment.

Belumai Formation (Early Miocene) in the
eastern part of this basin developed a formation
identical to the Peutu Formation, which devel-

57


earth.google.com

HASBULLAH et al.

oped in the western and central parts. Belumai
Formation consists of Glauconitic sandstones
interspersed with shale and limestone (Pertam-
ina, 1985). In the Arun area, the upper part of
this formation develops limestone layers of cal-
carenite and kalsilutit with shale intervals. This
formation is deposited to neritic in a shallow
marine environment (Pertamina, 1985).

Baong Formation was deposited in Middle
Miocene to Late Miocene (Pertamina, 1985).
The main constituents of this formation are
blackish-gray claystone, marl, silt, and sand,
and generally rich in fossils of Orbulina sp. and
Globigerina sp., sometimes interspersed with
thin layers of sandstones. This formation is de-
posited in a deep-sea environment (Pertamina,
1985). The Baong Formation above is divided
into 3 units (Pertamina, 1985):

¢ The lower part is dominated by silt and
claystone with sandstone and limestone in-
serts.

¢ The center (MBS) is dominated by glau-
conite and clay sandstones with silt in-
serts and a thin layer of limestone. In this
member, several sandstone layers have
been proven to contain hydrocarbons,
namely the Sembilan sand and the river
sand (BRS).

¢ The upper part is dominated by silt and
clay with a sandstone insert and a thin
layer of limestone.

Keutapang Formation (Late Miocene) is strati-
graphically above Baong Formation and alter-
nates between fine — medium-grained sand-
stones, shale, clays with limestone inserts, and
coal (Pertamina, 1985). This formation is the
main layer of hydrocarbon production and is
the beginning of the regression cycle, deposited
in a deltaic environment to shallow seas. Seu-
rula Formation (Early Pliocene) was deposited
above Keutapang Formation and composed of
sandstones, flakes, and clay. Compared to the
Keutapang Formation, the Seurula Formation
is coarser and grain. Many mollusk fragments
show shallow or neritic marine deposits. Julu
Rayeu Formation (Late Pliocene) is younger
than the Seurula Formation dan consists of fine
sandstones — coarse and loamy, sometimes con-
taining mica and mollusk fragments showing
shallow marine deposits — Neritic (see Figure 2).
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3 DATA AND METHODS

The oil and gas data in this study were ob-
tained from the Ministry of Energy and Mineral
Resources Data and Information Centre (Pus-
datin) provided by PT. Patra Nusa Data. The
data consists of 5 wells, namely wells Al, A2,
A3, A4, and A5. Each well has complete log
data, which are gamma-ray, resistivity, sonic,
and density logs, except A5 well, which does
not have sonic and density log data. In addi-
tion, each well is also equipped with complete
pressure test data and well reports, while the
leak-off test data is only available at well A5.
Other supporting data was seismic data con-
sisting of 29 2D seismic lines where 14 lines
lead east to west with an average CDP (com-
mon depth point) of 2.02 and 9 lines lead north
to south with an average length of CDP of 4.8
km.

In this study, several stages were carried out.
We use Eaton’s method to predict overpressure
(Eaton, 1975). This method usually calculates
the pressure below the surface from the loading
effect. Overpressure with the loading mecha-
nism is a mechanism that prevents the compact-
ing process from running properly so that the
effective stress becomes stagnant even though
one of the main stresses continues to rise (Swar-
brick and Osborne, 1997). Another method uses
a sonic curve inversion to determine the over-
pressure zone (Manik and Soedaldjo, 1984). Fi-
nally, obtain a velocity model using the conven-
tional method (stacking velocity) and acoustic
impedance inversion (Etminan 2010).

The hydrostatic pressure, namely with water
fluid, is determined according to Zoback (2007),
with the hydrostatic gradient of 0.433 psi/ft.
The multiplication of sediment density, gravi-
tational acceleration, and depth of the datum is
used to calculate the overburden stress. Rock
density uses density log data. Calculation of the
fracture pressure uses the Matthews and Kelly
approach. The fracture pressure is taken when
the rock is first fractured, the maximum limit
of the rock strength or pore pressure. Then the
fracture pressure calculation is validated with
the leak of test data (LOT). Overpressure analy-
sis uses hydrostatic pressure data and wireline
log data such as sonic logs, density logs, resis-
tivity logs, and neutron logs, which are sup-
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FIGURE 2. Tertiary Stratigraphy of the North Sumatra Basin (Ryucudu et al., 1992).

ported by other data such as pore pressure test
data, LOT data, mud log data, final well reports,
and seismic data.

The overpressure mechanism was based on
analyzing the large change in effective stress us-
ing the approach of Terzaghi (1943). The re-
sponse of the wireline log, cross plot of sonic
logs with density logs, and mud log data sup-
ported the determination of the mechanism.
The overpressure mechanism analysis uses the
Dutta plot (Dutta, 2002) and the Bowers plot
(Bowers, 2001). Seismic modeling to evalu-
ate the overpressure zone was done by seismic
inversion. The process of modeling the pore
pressure section starts from the AI inversion
with the model-based type. This process ob-
tained the density inversion and velocity inver-
sion models, which were then converted using
Hampson Russell software. The final result of
the inversion process is the pore pressure sec-
tion calculated by the Eaton formula using the
overburden section and the velocity interval as
the input for Eaton parameters. Meanwhile,
Petrel software makes the depth structure map
(see WesternGeco, 2015).

Journal of Applied Geology

4 RESULTS AND DISCUSSION

4.1 Lithology and Pressure

The separation of lithology in the well was car-
ried out by plotting the sonic log data, resis-
tivity, density, and porosity against the depth,
which aimed to separate the shale and non-
shale lithology. Most wells are shale with sand-
stone intercalation (see Figure 3).

From the pressure analysis in Well Al (see
Figure 4), it can be seen that the pore pres-
sure trend deviates from the normal trend,
which should increase with increasing depth,
but there is a decrease in the pore pressure
value compared to the normal pressure value at
1602 m in the Middle Baong Formation which
then increases again at a depth of 1944 m in the
Lower Baong Formation. In Well A2, overpres-
sure is seen from the trend of deviating pore
pressure from normal pressure, namely at a
depth of 1745.87 m, a pressure drop occurs then
increases by 2120 m in the Lower Baong For-
mation. Well A3 indicates a trend of deviating
pore pressure from normal pressure, namely at
a depth of 1490 m where there is a pressure
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FIGURE 3. Pressure vs depth profile in well A1-A5.
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drop and then increased by 1664 m in the Lower
Baong Formation.

In Well A4, the position of overpressure is
seen from the trend of deviating the pore pres-
sure from normal pressure, namely at a depth of
1775 m, there is a pressure drop then increases
by 2356 m in the Baong Formation. Well A5 has
incomplete log data; the sonic and density log
data used to determine overpressure do not ex-
ist. However, the pore pressure plots could still
be made using resistance data, but the results
were unreliable.

4.2 Overpressure Mechanism

The peaks of the overpressure were analyzed
from the sonic log plots and the density logs.
In Well A1, determining the overpressure peak
from the sonic log can be seen from the de-
flection of the normal trend and the trend of
effective pressure, which tends to be stagnant.
Meanwhile, the density log is analyzed by look-
ing at the trend of the density log, which should
increase with increasing depth, but in Well Al
shows a stable trend pattern. Furthermore, the
combination of sonic log data and density cou-
pled with pressure data plots shows the peak
of overpressure, which shows the beginning of
overpressure in Well Al at a depth of 2012 m in
the Lower Baong Formation. Also, the combi-
nation of log and pressure data plots indicates a
loading mechanism in Well A1.

In Well Al, the Dutta plot and Bowers are
used, namely the plot between the density log
and the sonic log, to determine the level of the
rock diagenesis (Figure 5 and Figure 6). From
the result of the research data, it is obtained
that the data trend follows the illite trend at a
depth of 1000-2000 m, then moves to the smec-
tite trend at 2000-2164 m depth. This means
that in Well A1, the cause of the overpressure
mechanism is the loading mechanism. Mean-
while, the Bowers plot using velocity dan den-
sity log plots shows that the data follows the
upper bound trend starting from a depth of
1000-2000 m and at depths 2000-2164 follow-
ing the lower bound trend. So that it can be said
that the cause of the overpressure in Well Al is
the loading mechanism because there is no in-
dication of a plot reversal trend.
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4.3 Overpressure Distribution from Seismic

Velocity and density inversion sections are
obtained based on the qualitative interpreta-
tion of the inverted seismic data with acoustic
impedance. Then the cross-section is converted
to an inversion gradient overburden section,
which continues to be an inversion pore pres-
sure section using Eaton’s equation. The pore
pressure results show the same results as the
quantitative calculation using well data to cal-
culate the pore pressure in each well. Figure 7
shows the result of the above-mentioned seis-
mic inversion process.

Furthermore, it can be seen from the color bar
that the pore pressure inversion section shows
an increase in pressure which is marked by a
change in color from yellow (12 ppg) to reddish
yellow (14 ppg) from the Keutapang Formation
to the Baong Formation. This is because the
Keutapang Formation is a source of hydrocar-
bons where the lithology is composed of sand-
stone, claystone, and limestone inserts and de-
posited in deltaic and shallow marine environ-
ments. While the Baong Formation is domi-
nated by claystone with sandstone inserts de-
posited in the deep sea. The color change in-
dicates changes in lithology from rocks com-
posed of sandstone in the Keutapang formation
to rocks dominated by claystone. This shows
the cause of the increase in pore pressure values
because the Baong formation has a good seal ca-

pacity.
5 CONCLUSION

1. The results of the pore pressure prediction
in the well show a high pore pressure value
in the shale zone caused by overpressure in
the study area. Based on pore pressure cal-
culations, the overpressure zone is located
at a depth of approximately 1650-2108 m
with a pore pressure of around 2891.70-
3580 psi in the Baong Formation.

2. Calculating pore pressure using well data
helps to determine the vertical pore pres-
sure distribution, which results in the peak
of overpressure. The overpressure distri-
bution can be observed horizontally from
the seismic inversion and interval velocity
distribution. The pattern of overpressure
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in the study area follows the shale thick-
ness of the Baong formation structurally.

3. The mechanism that causes overpressure
in the study area is the loading mechanism,
namely disequilibrium compaction. This
is influenced by the thickness of the for-
mation above the thick overpressure zone,
which is dominated by shale.
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