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Abstract— Block F3 North Seais a block with potre pressure values that vary over time due to complex
geological conditions such as burial and various sedimentation zones. Pore pressureis one of the important
aspects that need to be analyzed as a basis for the identification of zones and overpressure mechanisms.
Overpressure is a greater pore pressure condition than normal pressure and may cause drilling problems,
such as kicks, blowouts, etc. This study calculated pore pressure values using the eaton method approach
with well data and seismic data. Both data are integrated for generating pore pressute values in 1D and 3D.
1D Modelling uses Interactive Petrophysics 3.5, while 3D modeling uses Petrel software. In 3D modeling,
the variables used are interval velocity and inversion velocity obtained by acoustic impedance inversion. The
sub-variables used are the inversion density and the regression density obtained from well density acoustic
impedance inversion. The existence of a 1D overpressure zone at a depth of 1,100 — 1,800 m with an
overpressure value of 3,836 — 18,975 kPa. In addition, the overpressure value based on the 3D model is
8,000 — 18,000 kPa. The overpressure zone is validated using an acoustic impedance inversion model with a
high value of 5,200 — 5,380 (m/s)*(gt/cc). Overpressure in Block F3 is predicted to occur from
disequilibrium compaction.

Keywords: Pore pressure prediction, overpressure, velocity, density, Block F3, Notth Sea,
Netherlands.

Introduction

Exploration and exploitation of oil and gas will continue to be performed to meet energy needs. The
exploration process is performed by geological surveys and geophysical surveys. The exploitation process is
then carried out by wells drilled. Drilling of these wells is carried out with different risks at each production
well. In Indonesia, there was a drilling problem such as Lumpur Lapindo Sidoarjo on May 27, 2006. Lapindo
has dipped factories, housing, schools, and infrastructure in just a matter of months (Sabdaningsih, 2018).
In addition, the oil spill incident of BP's deepwater horizon disaster occurred in America in April 2010. The
incident polluted the Gulf of Mexico with a crude oil spill of 200 billion gallons for approximately 87 days
(Hoch, 2010). The incident also 11 workers dead and 17 injured (Welch, 2010). The cause of both cases is
still contentious. It is believed that oil spill is caused by hydro-fracturing, geothermal process, or
overpressure. Overpressure is one of the causes of drilling problems that affect the stability of wells, such as
kicks and blowsts. Overpressure occurs when pore fluid pressute in the rockis greater than the normal pore
pressure (hydrostatic pressure). According to Dutta (2002), overpressure usually occurs in impermeable
rocks, the porosity increases to depth, and the density decreases to depth.

The research was carried out in Block IF3, North Sea, Netherlands. Jager (2007) stated that the pore
pressure in the field varies considerably, ranging from normal to high pressure (overpressure). Complex
burial activities cause overpressure on this block. Overpressure events that occur throughout the period,
such as the Neosen, Triassic, and JURA periods, can be found in this block. Therefore, the pore pressure
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calculation was conducted in this study to find information on the subsurface pressure on Blok IF3. In this
study, the eaton method was used in Sonic Log to calculate the pore pressure. The Eaton method is used to
determine pore pressure in research areas formed by loading mechanisms. In addition, the Eaton method is
used because there is no direct data pressure on the measurement. The Eaton method results are shown in
a 1D and 3D model pore pressure. The model will be used to predict pore pressure distribution to be used
to the next well design.

Materials and Methods
Time and site

The research was conducted from May to December 2020 in F3 Block North Sea, located in the
Netherlands with coordinates N 54°52'0,86" /E 4°48'47,07" across 625,000 km?2 between Norway and the
United Kingdom. The map of the Blok F3 North Sea is seen in Figure 1.
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Figure 1. Location of the Block F3, North Sea, Netherland

Data collection

The data used in this study are wireline log data, seismic data, and velocity interval data. Well data is used
for the calculation of 1D pore pressure, overburden pressure, and shale volume. Seismic data is used to
create acoustic impedance inversion models that validate the 1D pore pressure calculation. In addition,
acoustic impedance inversion models are also used to produce regression equations used to generate velocity
inversion, density regression, and density inversion, models. From resulting models, 3D pore pressure
modeling is performed with Eaton Method using Sonic Log Equation as follows:

P,=0— (6— B )X (%)X )

int

where Pp symbolizes pore pressure, 0 symbolizes overburden pressure, Ph symbolizes hydrostatic pressure,
Vint symbolizes interval velocity, NCT symbolizes normal compaction trend using sonic log, and x
symbolizes Eaton's empirical coefficient (1,2 - 3) (Budiman ez a/.,, 2017).
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Analysis of pore pressure using eaton methods

According to Eaton's theory, the majority of subsurface pressure is caused by the influence of
overburden, also known as primary overpressure. Meanwhile, overpressure is caused by the fast
sedimentation rate, which prevents the previously existing fluid from moving. The fluid trapped in a rock
column will reactto the energy released by the load (overburden) thatincreases above it (Budiman, Warnana,
and Syaifuddin, 2017). Normal Compaction Trends (NCT) are determined using transit time data (Eaton
1975 in Syaputra et al., 2011). The NCT is a line that shows how porosity decreases with increasing depth
(Figure 2). When normal compaction will follow the NCT line, where the porosity will decrease, the effective
stress will increase, and the pore pressure is the same as the normal hydrostatic pressure in normal conditions
(Juhatta ¢f al., 2017).

The Faton method is used to obtain pore pressure values in 1D and 3D, which uses overburden
pressure data obtained from the densitylog. In addition, the data required is a normal compaction
trend (NCT) derived from homogeneous lithology in the form of shale obtained from sonic logs.
In addition, hydrostatic pressure using the formula:

P, =prgh 2

Where pg is the density of the fluid, g is the gravity acceleration, and h is the height of the fluid column; 3d
modeling requires some of the same data, otherwise known as cube data, to be used in modeling. The cube
required is a density cube, where it is used as a sub variable. The first sub variable is the density regression
resulting from the cross plot between the acoustic impedance inversion model vs. density log. The second
sub variable is the result of the density inversion process. Two densities will be used for generating
overburden pressure cubes, where the resulting overburden cube consists of 2 cubes. The first cube is an
overburden pressure cube with a density regression sub variable, and the second cube is an overburden
pressure cube based on density inversion. Inversion velocity data will be used as the main variable in pore
pressure 3D modeling, which will be seen the difference in value with the second variable, the interval
velocity variable. Inversion velocity obtained using the cross plot by acoustic im pedance inversion model vs
P impedance. The regression value will be used to form an interval velocity cube. 3D pore pressure modeling
also requires several pressure cubes such as hydrostatic pressure and NCT cube (Figure 3).
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Figure 2. Eaton methods for overpressure estimation using sonic log (Syaputra et.al, 2017)
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Figure 3. (a) hydrostatic pressure cube (b) cube density regression (c) cube overburden pressure using density
regression (d) cube inversion velocity (e) cube interval velocity (f) cube overburden pressure using density
inversion (g) cube density inversion.

Results
Overpressure Zone

Pore Pressure calculation using eaton method on sonic log on shale lithology. Shale lithology was chosen
because this lithology has uniformity and pore pressure increasing on increased depth. That is indicated by
the consistency of curves rather than curves in other lithologies. Normal compaction trends (NCT) are
identified through sonic logs. This curve shows the compaction value of a rock as the depth increases.
Overpressure zone can be identified from the sonic log against the normal compaction trend curve (NCT).
The soniclog does not decrease with naturalness. The sonic log curve tends to be constant; it can be indicated
that at that depth, normal compaction and the predicted presence of high pore pressure (overpressure) do
not occur.

The 1D pote pressure prediction process was done in interactive petrophysics 3.5 software. The
overpressure zone in the predicted right is in the zone that shows a significant increase in pore pressure to
hydrostatic pressure or normal pressure (Figure 4b 5b 6b 7b). This overpressure zone is indicated by a
relatively constant sonic log and does not decrease as depth increases (Figure 4a 5a 6a 7a). The existence of
a 1D overpressure zone at a depth of 1,100 — 1,800 m with an overpressure value of 3,836 — 18,975 kPa. In
addition, other logs such as density logs should get higher as the depth becomes constant or lower. Gamma-
ray logs also confirm the presence of an overpressure layer located in the lithology of shale. The three logs
are logs that confirm the overpressure zone at each research well with the depth of the overpressure zone in
block IF3, the North Sea are varied. 3D modeling of pore pressure results in the spread of pore pressure in
the research area. The resulting pore pressure value in the overpressure zone is relatively at the bottom of
the research area (Figure 8a,b,9a,b) with pore pressure values that have a similar value range. The spread of
pore pressure in this block is homogeneous. The overpressure valuebased on the 3D modelis 8,000 — 18,000
kPa. The overpressure zone is validated using an acoustic impedance inversion model with a high value of
5,200 — 5,380 (m/s)*(gt/ co).

Table 1. Overpressure Zone of Each Well

Well Depth Hydrostatic Pore pressure Description
F02-1 1300 - 1499 6058 —7774 6748 —9770 Overpressure
F03-2 1100 -1616 3468 — 12552 3836 —18975 Overpressure
F03-4 1200-1790 4419 -10824 4457 — 13338 Overpressure
F06-1 1200 - 1611 4293 - 9877 5037 - 110061 Overpressure
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Figure 9. (a) Pore pressure model with inversion velocity variable and density regression sub variable, (b)
Pore pressure model with inversion velocity variable and density inversion sub variable, (c) 1D correlation
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Figure 11 (a) Shale overpressure validation using wireline log on FO02-1 (b) Shale overpressure validation
using wireline log on FO3-2 (c) Shale overpressure validation using wireline log on F03-4 (d)
Shale overpressure validation using wireline log on FO6-1

Overpressure Mechanism

After calculating pore pressure, mechanisms analysis that occurs in the overpressure zone of each well is
carried out. The dominating mechanism in the block is the loading mechanism formed through the process
of disequilibrium compaction. This compaction disequilibrium is reviewed through effective stress in each
overpressure zone in each available well. The effective stress value is relatively constant to the addition of
overburden pressure and pore pressure curve (Figure 4a 5a 6a 7a). Disequilibrium compaction on this block
has been conducted. Research confirmed in block F3 that the North Sea makes disequilibrium compaction
by 80% the main cause of overpressure (Peter, 1998). Disequilibrium compaction occurs because the
deposition rate is faster than the rate of fluid coming out of the pore space. Because there is still fluid in the
pore space, so the opportunity for the grain to connect or contact between the grains becomes low or
ineffective and resulting in a failure of compaction. This compaction failureis the pressure of rock pores to
produce high pore pressure(overpressure).

Overpressure Transference

Block F3, North Sea, is very interesting for further assessment. In this block, precisely the well FO3-2
(Figure 5) obtained the results of unique analysis, where the process of overpressure transference related to
fluid flow from place one to another. Lateral reservoir drainage occurs when an isolated reservoir (sand) is
locked between thick shale that undergoes overpressure. This sand relates to a seabed/surface, which
indicates that the high overpressure curve will decrease drastically. This is because the overpressure shale is
dewatering the sand. This will produce a shoulder effect that shows the pressure continuity between shale
and sand. The shoulder effect can be observed using wireline log, where the log value of porosity deflection
towards high porosity. This analysis was confirmed by tesearch conducted by Dennis (2000), which explains
lateral reservoir drainage in block F3, North Sea. In addition, the shoulder effectis confirmed using the
inverse of acoustic impedance, which indicates a high relative acoustic impedance value (Fig. 10) and
suddenly decreases the value of acoustic impedance in the lithology and is predicted as lateral reservoir
drainage.

Validation

The inversion process has shown a match between the seismic impedance and the well log impedance. It
can be reviewed qualitatively based on color suitability. With acoustic impedance values ranging from 3480
to 5380 m / s * g / cc. A pore pressure curve was used to validate the sonic log, which is constant with
respect to depth. The overpressure zone in well FO2-1 is located at a depth of 1300-1499 m, in well FO3-2 at
1100-1616 m, in well FO3-4 at 1200-1800 m, and in well FO6-1 at 1200-1616 m, which is marked with a green
box (Figure 11). The overpressure zone is located in a black box with an acoustic impedance value of 5200
-5380m /s * g / cc (Figure 10a). The acoustic impedance inversion model is presented in a higher range
of values for clarity of resolution (Figure 10b). The results of the overpressure zone marked with a black box
are quite clear and are still in the very high range of acoustic impedance values.

Furthermore, the reseatchers confirmed again based on the 1D analysis that the zone is shale-dominated.
The existence of the overpressure shale is validated using the available logs. The density possessed by shale
in the overpressure zone is low (Dutta, 2002). On the other hand, the zone is also confirmed by gamma-ray
logs and sonic logs, where sonic logs tend to be constant, and high-value gamma rays indicate that the zone
is a shale lithology that is overpressure.

Discussion

The relationship between sonic and normal compaction trends on effective stress is often used to
differentiate the mechanism of overpressure. This mechanism is in the form of loading and unloading
mechanisms related to the compaction process. In this field, the mechanism formed is a loading mechanism
that occurs due to disequilibrium compaction. The disequilibrium compaction is dominated by sediment at
depths that coincide with high overpressure pressures. The overpressure that occurs in this research is the
overpressure of the sediment in the form of shale. In normal compaction, the log sonic curve will follow the
normal compaction trend line, the effective stress will increase, and the pore pressure will be the same as the
hydrostatic pressure. In this research, shale was identified through gamma-ray logs as an indicator of
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lithology. The lithology of the shale of each well is spread out in various depths. The tesults obtained are the
shale zone that has overpressure in the well FO2-1 located at a depth of 1300 - 1499 m. different from the
first well, the second well, FO3-2, has shale overpressure at two depths, namely at 1100 - 1616 m and 1874 -
1961 m. The two zones are confined by sand lithology, which experiences dewatering, or the lateral reservoir
drainage phenomenon, which will be discussed in the next discussion. Shale overpressure in the third well,
F03-4, is located at a depth of 1200 - 1790 m, and the last well, FO6-1, is located at a depth of 1200 - 1611
m. at this depth range, especially the shale overpressure shows a very high acoustic impedance value from
the surroundings.

Disequilibrium compaction is therefore likely to be found in shale successions during continuous rapid
burial. In slow burial conditions, sediment compaction occurs typically because thetre is a balance. The
balance occurs between overburden pressure and reduced pore fluid. When the fluid cannot get out quickly
from the pore space with low permeability and fast compaction, it will result in overpressure. The loading
mechanism caused by disequilibrium compaction is one of the most common in the mechanism of abnormal
pressure formation in sedimentary basins. This is due to favorable conditions such as rapid burial, high clay
content, and low permeability, often found in clay, shale, mud, and shale. Rapid burials that produce this
disequilibrium compaction mechanism are found in all wells FO2-1, FO3-2, F03-4, and F06-1.

Interestingly, there was a lateral reservoir drainage event in this field because there is sand supported on
the Paleocene fan between the thick shales. The shale is in an overpressure condition, so the shale tends to
dewater towards the sand. Sand on the Paleocene fan undergoes overpressure transport laterally to the
seabed. This is a lateral overpressure causes the transfer overpressure condition

Conclusion

Based on the analysis results, the 1D F3 block overpressure zone is at a depth of 1200 - 1800 m—range
of overpressure values 3836.4 - 18975 kPa (Table 1). Confirmed by the 3D model variable Vinv and Vint
overpressure values have a range of 8000 — 18. 000 kPa. The mechanism that causes overpressure in this
block is the loading mechanism. This mechanism is also indicated by an increased pore pressure curve and
effective stress that tends to be constant.
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