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Abstract - High overpressure is a critical drilling issue in the Lower Kutai Basin. Typical pore pressure prediction ap-
proaches involve an empirical relationship, such as Eaton’s method using sonic log data. In areas with high geothermal
gradients, such as the Lower Kutai Basin, there is evidence for additional overpressure from gas generation such that
sediment unloading must be considered to interpret pore pressure correctly. In this paper a repeatable deterministic
model is presented for pore pressure from sonic data and, using selected wells from the Lower Kutai Basin, also the use
of the resistivity log in a similar model. In the Lower Kutai Basin, sonic logs are often absent from the logging suite
or otherwise running over limited intervals, making an alternative log-based prediction method particularly valuable.
As a caveat, shallow freshwater encroachment is reported in the Lower Kutai Basin, means the shallow resistivity data
can be problematic to use to define both top of overpressure and a normal compaction trend. Care must therefore be
taken if resistivity is to be used for the interpretation of unloaded pore pressure, and chiefly applied and this likely to
be more successful where encroachment is less pronounced, such as pro-delta shales. Assuming the additional care
needed in using resistivity data, this paper suggests that resistivity can be a useful tool for pore pressure prediction in
unloaded shale at elevated temperatures within the Lower Kutai Basin. At present the technique has been applied to
only a limited dataset due to data availability limitations, but it is hoped with further refinement it will form a helpful
additional approach in the pore pressure prediction toolkit.
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INTRODUCTION at Semberah Field (Figure 1). Most wells in the

shelfal area only penetrated down to the transition

Significant overpressure, that is the differ-  zone to hard overpressure (Ramdhan and Goulty,
ential pressure between in-situ and hydrostatic ~ 2010). Pore pressures in the shelfal area have a
pressure, is documented in The Indonesia Neo-  sharp transition zone, within 1,000 ft. of the top
gene Lower Kutai shelfal areas in such wells as  of overpressure, and some wells have reached the
B-11 at Bekapai Field and onshore in SEM-39  hard overpressure zone where pore pressures are
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Figure 1. Simplified geological map of the Lower Kutai Basin showing the location of two wells analyzed in this study, B-11,

and SEM-39 (modified from Chambers ef al., 2004).

close to the overburden or vertical stress. Well
B-11, as an example, was drilled through the short
transition zone at Bekapai Field, and the mud-
weight was increased by approximately 2.1 ppg
at depth increments of 300 ft. On the other hand,
in the Semberah Field onshore, overpressure is
characterized by a long transition zone into hard
overpressure (Apranda et al., 2019).

The cause of the hard overpressure in the
Lower Kutai Basin has been attributed by pre-
vious studies to disequilibrium compaction as-
sociated with rapid burial (e.g. Bois ef al.,1994;
Bates, 1996; Burrus, 1998). However, more re-
cent studies have reappraised these analyses, and
noted resistivity and sonic logs display reversals
in the transition zone into hard overpressure. Yet,
the density log keeps increasing below the top of
overpressure despite the vertical effective stress
decreasing monotonically (Ramdhan and Goulty,
2010, 2011). Applying the Equivalent Depth
Method, an approach based on an assumption of
disequilibrium compaction, would result in under-
prediction of deep overpressure. Pressure analysis
in basins with high geothermal gradients and
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based on the disequilibrium compaction concept
can lead to underestimation of overpressure by
as much as 20 MPa, compared to measurements
in adjacent sands (Ramdhan et al., 2011). Further
analysis shows that clay diagenesis and gas gen-
eration, mostly temperature-driven, are essential
in generating overpressure in the basin. Other
authors, such as Ginanjar ef al. (2015), similarly
propose secondary mechanisms of overpressure
for the Lower Kutai Basin, identifying four main
geopressure zones vertically - normal hydrostatic
pressure, abnormal pressure due to disequilibrium
compaction, clay mineral transformation, and in
the deeper section, by hydrocarbon generation.
In terms of indirect overpressure prediction
in the Lower Kutai Basin, an approach using
anomalous porosity such as Eaton (1975), and
indeed, Equivalent Depth Method, is frequently
unsuccessful in interpreting overpressure magni-
tude correctly, especially in hot mudrocks acted
as source rocks or have experienced chemical
changes. These additionally increase pore pres-
sure via unloading. These typical mudrocks can
be found in the Lower Kutai Basin (Ramdhan



The Resistivity Log And its Role in Understanding Sediment Unloading

in the Lower Kutai Basin, Indonesia (S. O’Connor ef al.)

and Goulty, 2010). Hence, it is very challenging
to develop a general workflow for estimating
the overpressure magnitude in this basin using
a relationship that includes empirical constants.
This paper highlights a deterministic approach
discussed in a recent paper by Ramdhan and
O’Connor (2022), developed based on sonic
data. The deterministic model is applicable in
estimating overpressure generated by loading,
unloading, or both. The method was developed
after the works of Ramdhan and Goulty (2018),
with a simpler and easier way of use.

In addition, an often-ignored potential ap-
proach to investigate sediment unloading is to
use the resistivity log. The resistivity log has been
extensively applied qualitatively in correlating
formations penetrated as well as providing indica-
tions of reservoir content, typically the presence of
hydrocarbons and conductivity of connate or for-
mation waters (Archie, 1942). It also has utility in
interpreting pore pressure, and is commonly used
for this purpose, more often in association with
Eaton (1975), where disequilibrium compaction
is present. The hypothesis tested here is based on
observations by Hermanrud et al. (1998) where
log responses in the intra-Jurassic shales, Norway,
revealed that neutron and density logs do not show
a significant difference in porosity between shales
that are low vs. high in overpressure, whereas the
sonic and resistivity responses show higher (ap-
parent) porosity differences. It is suggested that
the porosity is unaffected by differences in pore
pressures, but that the sonic and resistivity logs
are reacting to textural changes induced in the
shales by overpressure rather than high porosi-
ties due to undercompaction. The authors explain
these phenomena as sonic and resistivity logs
measuring the transport properties of the rocks,
i.e. interconnecting pores. Whereas the neutron
and density measure bulk rock properties such as
bulk porosity. As the resistivity log measures a
rock ability to transmit electrical signals, improved
connectivity in the water phase via overpressure
would result in low resistivity and higher log po-
rosity. The early work by Mann and Mackenzie
(1990) attributed the presence of overpressure in

these formations to compaction disequilibrium as
the overpressure generating mechanism. Although
other theories have been presented to explain the
high overpressures in Norway (42 MPa in the
Kiristin Field, for example: lateral transfer: Vik et
al. (1992), Nysather (2006) or quartz cementation,
Bjerkum and Nadeau (1998), the consensus in the
shales is for some factors of secondary processes
such as elastic or inelastic unloading, e.g. Teige
et al. (1999).

Bowers (2002) showed a high-pressure well,
Cotton Valley, where sonic and resistivity logs
showed clear reversals, whereas the density log
did not. Modeled pore pressures are underesti-
mated compared to mud weights used during the
drilling, and the direct pore pressure data (RFT’s).
Bulk properties versus transport properties were
cited. According to Bowers and Katsube (2002),
sonic velocity and resistivity generally experience
a more elastic rebound compared to bulk density
and porosity. While bulk properties depend only
on the net volume of the pore, transport properties
are more sensitive to the shape and size of pores
and how they are interconnected.

As it seems that the resistivity log is also react-
ing to overpressure in these published studies by
Hermanrud et al. (1998) and Bowers (2001), it is
proposed in this paper that resistivity data could
be utilized in a similar way to sonic data to pro-
duce an approach to interpret pore pressure when
unloading is present. This has not been previously
investigated and published. Whilst the resistivity
log is typically affected by more borehole correc-
tions, including temperature and concerns about
salinity variation, and so using sonic is preferable,
many of the wells in the Lower Kutai Basin do not
have sonic logs or, if present, they are over limited
depth intervals. Thus, the use of the resistivity log
may prove to be a useful tool to determine unload-
ing in this basin, and others.

Geologic Overview

The Lower Kutai Basin was formed during an
extensional phase that took place from Late Oli-
gocene to Early Miocene (Moss and Chambers,
1999; Chambers et al., 2004). The deposition of
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syn-rift sediments in the Lower Kutai Basin took
place after rifting from Middle to Late Eocene.
Subsequently, shale-dominant deep marine sedi-
ments were deposited in the basin centre during
Late Eocene to Late Oligocene. Deltaic sedimen-
tation in this basin started from Early Miocene,
and still continues offshore to the present day.
Figure 2a shows the simplified stratigraphic col-
umn for this basin.

Bekapai Field

The Bekapai Field, a giant oil and gas field
in the Lower Kutai Basin, has a faulted anticline
structure (DeMatharel et al., 1980) with approxi-
mately north-south main fault orientation, dividing
the field into three compartments. Production has
been known from the west compartment only. The
upper part of the Fresh Water Sand (FWS) unit, de-
posited in Late Miocene, is the largest contributor
to oil production from this field. Meanwhile, the
productive gas zones are the Pliocene Shallow Res-
ervoir Zone and the underlying Late Miocene Tunu
Main Zone. The rate of sedimentation of Bekapai

Field, represented by B-11, has been constant since
Middle Miocene, with an average of more than
300 m Ma’! (Figure 2b). In the west compartment,
the top of overpressure is encountered at depths
ranging from 3 to 3.5 km below sea level, where
temperatures range from 120 — 135°C (Ramdhan
and Goulty, 2018), as indicated in Figure 2d. An
analysis using a pressure-depth plot as well as
wireline log responses of an overpressured well
in the Bekapai Field indicates that in this field,
the overpressure can be close to the vertical stress
(Ramdhan and Goulty, 2014).

Semberah Field

This field was discovered in 1974, and field
reservoirs consist of many layers of delta plain
and delta front deposits. These lie within a two-
way structural trap and are bounded by a thrust
fault to the west. The hydrocarbon accumulation
is distributed both vertically and laterally within
Balikpapan Formation, Middle Miocene age, with
reservoirs intercalating between delta plain and
delta front facies (Riadi et al., 2018). This forma-
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Figure 2. From left a) The simplified stratigraphic column of the Lower Kutai Basin (modified from Chambers et al., 2004).
b) The typical burial history of B-11. ¢) The typical burial history of SEM-39, taken from a nearby offset well. d) The plot of
temperature against depth, showing the thermal gradient in both wells. Blue temperature data (SEM-39) are from RFT, while
the orange data (B-11) are BHT corrected using Horner and DST.
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tion presents a challenging reservoir characteriza-
tion with its interposing sandstone-claystone, and
discontinuous reservoir enclosed by coal layer
as the top of flooding surfaces. The stratigraphic
interpretation of the formation uses a maximum
flooding surface correlation with discernible thick
shale sediment between the coal layers (Widyan-
toro and Santoso, 2021). Post-production wells
drilled in the northern part of the I Zone thick
channel sand experience pressure of ~ 7.5 to 8
ppg in areas C and D, compared to A and B which
range from ~ 1.5 to ~4.5 ppg, indicating C and D
are isolated reservoirs which are not connected
to other reservoirs. The Semberah Field is more
isolated due to significant marine influence (Riadi
etal.,2018). No sedimentations have taken place
in this field since approximately Pliocene due to
erosion, as illustrated in Figure 2c.

METHODS

In order to justify the use of the approach
described by Ramdhan and O’Connor (2022),
first, it is necessary to determine which mecha-
nisms of overpressure generation are present. As
previously mentioned, disequilibrium compaction
relates to anomalously high porosity. Whereas in
unloaded sediments, such porosity anomaly will
not be found. Developing a cross-plot of sonic
and density logs is a simple but very useful way
to identify the overpressure-generating mecha-
nism. As illustrated in Figure 3, Dutta (2002)
and Katahara (2006) developed a cross-plot with
two compaction lines, smectitic and illitic lines
corresponding to linear equations. The smectitic
and illitic lines correspond to the upper and lower
bounds developed by Gardner et al. (1974) and
Bowers (1995), respectively. Bowers (2001)
suggested an alternative of which axes should
represent which wireline log. If the density log
is available, the cross-plot can indicate whether
unloading acts as the overpressure generating
mechanism, i.e. when the density log fails to fol-
low the expected pattern of the sonic log when
only loading contributes to the overpressure,

Resistivity (ohm.m)

Density (g/em’)

Sonic (us/ft)

For sonic-density: For resistivity-density:

— Smectitic line ~ —— Tllitic line — Smectitic line  —— Illitic line

Figure 3. Cross-plot of sonic-density (Dutta, 2002; Katahara,
2006) and resistivity-density showing the smectitic and il-
litic trends.

and potentially, the causative mechanisms. After
successfully determining whether only loading
or both loading and unloading is present, the
appropriate pore pressure estimation algorithm
can be chosen (e.g. Eaton, 1975; Bowers, 1995).

As a test of the hypothesis of Hermanrud et al.
(1998), and, by implication, Bowers (2001), the
resistivity log should react in a similar manner
to the sonic log, that is, a response to sediment
unloading. This paper focuses primarily on two
wells, B-11 in the Bekapai Field and SEM-39 in
the Semberah Field. Each of these wells features a
full well suite as well as Wireline Formation Tests,
e.g. Repeat Formation Tests.

The vertical stress is calculated using the fol-
lowing equation:

where:

o = vertical or overburden or lithostatic stress
z= depth

p,= bulk density represented by the density log
g = gravitational acceleration

For the B-11 well, 6 = 0.2263 * z''**%! while
for the SEM-39 well, 6 = 0.4746 * z'052%%,

When overpressure is generated by loading, the
velocity (the reciprocal of transit time of sonic log)
and effective stress can be related using Equation
2 (Bowers, 1995). As can be implied, Equation 2
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indicates that mudrocks with the same velocity also
have the same effective stress. Therefore, the pore
pressure can later be calculated by subtracting the
effective stress calculated from Equation 2 from
the vertical or overburden stress.

/b
where:
o = effective stress when overpressure generated
only by loading
V, = velocity for overpressure generated by load-
ingorV_
a and b are constants calibrated with offset
velocity-effective stress data
5000 represents the sonic velocity of seawater
in ft/s

In the work by Ramdhan and O’Connor
(2022) for the Lower Kutai Basin, a = 7.5452
and b = 0.8137. Based on Gulf Coast data, an
additional equation was presented by Bowers
(1995) regarding the overpressure generated
by unloading, specifically by fluid expansion
(Equation 3). Even though velocity reversals
found in the Lower Kutai Basin coincide with
the gas generation, the causative mechanism of
the unloading was not speculated.

o1 NV - 5000

V - 5000 )U ............................................ 3)

where:

o' = total effective stress owing to loading and
unloading

V =velocity data

U = unloading constant or parameter

A U value of 4.5 was used in Ramdhan and
O’Connor (2022) for the Lower Kutai Basin.
Those a and b values were used and determined
for B-11 in the above paper to interpret pore
pressure in a new well, SEM-39, Semberah
Field. In this well, a model using resistivity
data was constructed to identify loading and
unloading. Then as a test, this model was re-
applied to B-11.
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Due to the absence of significant lithological
change, it is assumed that mudrocks in The Lower
Kutai Basin are similar. The Vmax is set as the
velocity of the mudrocks at the very first point
of the reversal, representing the highest effective
stress. The unloading constant (U) indicates the
plasticity of the mudrocks. When U=1, it indicates
elastic deformation or no permanent deforma-
tion. This was assumed by Eaton (1975) as well
as Hottman and Johnson (1965). A U value of
infinity represents plastic deformation (irrevers-
ible deformation). Practically, U ranges in value
between 3 and 8 (Bowers, 1995).

As no a and b values presently exist using
resistivity data for The Lower Kutai Basin, in this
paper, a similar approach to sonic was used, in
that, vertical effective stress was plotted against
shale velocity for each of any relevant Wireline
Formation Tests. The shale velocity was deter-
mined using the resistivity log, and looking for
a consistent response, either above or below the
particular test in question. A window of 20 m was
applied, where possible, to determine an average
resistivity for the velocity/stress model. For data
that plot in a different resistivity/stress space, and
assumed unloaded, a separate pressure/stress
trend was determined. These models were inter-
changed at the depth at which the unloading is
considered active and based on the illitic line in
Figures 4 and 5 (left-hand side: sonic), and on the
deviation on the resistivity/density plots (Figures
6 and 7; right-hand side).

RESuLT

The cross-plots of density and sonic in Figures
4 and 5 show observable shifts to velocity reduc-
tion, followed by densities of ~2.5 g cm™ or higher
in the analyzed wells. The high densities do not
comply with disequilibrium compaction, thus, in-
dicating chemical compaction, i.e. smectite—illite
transformation. The reversal in velocity indicates
the presence of unloading, even though the muted
density reversal indicates disequilibrium compac-
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Figure 4. Cross-plots of sonic-density (left) and density-velocity (right) for B-11.
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Figure 6. Cross-plots of sonic-resistivity (left) and density-resistivity (right) for B-11.

tion that also has some contribution. Shale/sands
in the wells analyzed are highly overpressured,
as indicated by the direct pressure data, which
shows the overpressures are close to lithostatic
(Figures 8 and 9).

In Figures 6 and 7, similar cross-plots are
displayed, based on Dutta (2002) and Katahara
(2006). However, here, comparing resistivity and
density. On the left-hand side of each, the sonic
and resistivity present as a consistent trend, or
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rather, show a sympathetic relationship, expected
if both logs were responding to pore pressure and
stress in the same way. On the right-hand side, like
sonic and density, resistivity deviates in shales of
elevated temperatures.

As mentioned previously, in the work by
Ramdhan and O’Connor (2022), for the Lower
Kutai Basin, a = 7.5452 and b = 0.8137. These
parameters were derived using data from the B-11
well, and here these have been taken and applied
to the new well, SEM-39. These parameters and
Equation 2 have been integrated to produce pore
pressure interpretation for both wells. Figure 10 in
green are the pore pressures assumed to represent
generated by disequilibrium compaction alone.
These substantially under-estimate the measured
(undrained) reservoir pressures, particularly in
the hotter intervals of both wells. Therefore, an
unloading constant (U) of 4.5 (derived from B-11,
Ramdhan and O’Connor, 2022) was used for
Equation (3) to match the measured pore pres-
sures in the new well. Ramdhan and Goulty (2010,
2011) suggested the kerogen-gas transformation
as the mechanism responsible for the unloading.
Although the overpressure is mainly generated

by unloading due to gas generation, loading con-
tributed first to the overpressure occurrence within
the pro-delta mudrock-dominated sequence. The
onset of gas generation can be found within the
transition from the delta front into the pro-delta
sequence. Figure 10 also shows the pore pressure
interpretation for unloading in red, now matching
the reservoir measured pressures.

As well as seeing if the a and b values de-
termined in Ramdhan and O’Connor (2022) are
transferable to other Lower Kutai Basin wells,
the resistivity was also used to detect the pres-
ence of unloading. Thus, the log as an additional
method was used in calculating the pore pressure
in the absence of a sonic log. Figure 11 (upper)
shows the results of cross-plotting resistivity and
vertical effective stress for the repeat formation
tests. Those tests, representative of cooler shales,
define a concave trend, in contrast to the typical
convex shape observed when using sonic data
and as observed in Bowers (1995).

To simplify the mathematics, the x and y-axes
were reserved in Figure 11 (lower) to produce
a loading (Equation 4) and an unloading curve
(Equation 5):
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Figure 10. Result of pore pressure estimation using sonic data in B-11 (left) and SEM-39 (right).
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Figure 11. Cross-plots between resistivity and vertical
effective stress. Upper figure plots the data following Bowers
(1995). Lower figure re-plots the same data by switching axes
to allow mathematical solvability.

G, =-139.04 ¥ 2+ 1469.4 ¥ I oo 4)

where:

o, = predicted effective stress resulting from
loading

1 = resistivity log value (ohmm)

and:
o =-252.48 * 2+ 12543 %1 v ®)

where:
o = predicted effective stress for overpressure
generated by unloading

In Figure 12, pore pressure interpretation
(based on resistivity) for loading is in green, and
for unloading is in red.

DiscussioN

Ideally, a sonic log is the preferred dataset to
determine the contribution of loading and unload-
ing in the Lower Kutai Basin. Reasons for this
include the inherent nature of the resistivity log,
such as requiring temperature correction and ac-
counting for variation in salinity. Other factors
include borehole size, the drilling mud resistiv-
ity, the effect of invasion of the mud filtrate into
the formation, the relation between the recorded
thickness of beds and electrode spacing, and the
heterogeneity of geologic formations (Archie,
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Figure 12. Result of pore pressure estimation in B-11 (left) and SEM-39 (right) using resistivity log.
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1942). However, some of these factors also af-
fect the sonic log.

The sonic log has been proven to be effective
to interpret pore pressure in the Lower Kutai
Basin. This has the advantage of being able to
be calibrated with seismic velocities (e.g. Rek-
salegora et al., 2022) in a predictive sense for
new drilling. This paper has built on Ramdhan
and O'Connor (2022) whereby, even though es-
timating the total overpressure using an empirical
method (i.e. Eaton, 1975) is still possible. The
method can not differentiate between loading and
unloading directly, except by changing the em-
pirical exponent. The repeatable and deterministic
approach discussed in this paper uniquely points
out the loading contribution to total overpressure.

Based primarily on analyses by Hermanrud
et al. (1998) from normally and overpressured
shales in Norway, the resistivity log is observed
to respond in a similar manner to unloading as
the sonic log. Figure 11 shows the results of
cross-plotting resistivity and vertical effective
stress for cooler shales define a concave trend,
in contrast to the typical convex shape observed
when using sonic data and as recorded in Bowers
(1995). This anomalous shape to the resistivity-
vertical effective stress trend is seen in similar
data from Gulf of Mexico (Hauser ez al., 2013),
where void ratio, estimated from bulk density,
against vertical effective stress, compressional
velocity against vertical effective stress, and
temperature normalized resistivity against verti-
cal effective stress are displayed. Whilst none of
the Gulf of Mexico data displays any data that
could be interpreted as unloaded, the similarity
with the cooler data in the Lower Kutai Basin
adds confidence that the physical characteristics
of the rocks are being represented, i.e. their rock
properties.

Hauser et al. (2013) state that resistivity plot
vs. vertical effective stress displays a much flatter
response to stress over the entire range repre-

sented in the data set, resulting in resistivity-based
pressure estimates extrapolating in a much more
stable manner to higher vertical effective stress.
The authors also describe velocity and provide a

more stable pressure estimate for a low vertical
effective stress. In simple terms, these and our
interpretations are that using the resistivity data
is less sensitive at a low effective stress, meaning
that any pore pressure interpretation will be more
inherently uncertain, although as demonstrated
in this paper, still potentially useful in a basin
where sonic logs (e.g. Rosid et al., 2021) are
often missing/not available or run over limited
intervals. Conversely, at a high effective stress,
the pore pressure given is more accurate than
using a sonic log.

With respect to resistivity logs, there is a sig-
nificant number of resistivity logs in the Lower
Kutai Basin (and in other Tertiary basins in In-
donesia), and it is apparent that resistivity in the
shallower lithologies is affected by freshwater en-
croachment. An example is seen in Figure 9 from
the SEM-39 well, where the resistivity values are
high, before loading and unloading are observed.
This means that defining a compaction model for
this shallow zone and the use of the resistivity log
to locate top of overpressure is problematic. A
similar thing was reported by Farizi et al. (2017)
where lateral distribution of apparent water salin-
ity (pure shale and aquifer) along the Tunu Field
is mapped, with the salinity increasing from the
west to the east, from terrestrial area into the sea
environment. This is in line with the regional de-
position direction with progradation and salinity
increasing seaward, from 10 kppm in delta plain
to around 30 kppm in pro-delta. The implication
for this paper is that resistivity can be a useful tool
to interpret unloaded shales, but care is required
in picking representative shale resistivity for the
loading model, or focus should be placed on those
wells where this encroachment is less significant,
i.e. B11 in Figure 8.

CONCLUSIONS
The main findings of this paper are:
1. Overpressure-generating mechanisms, as

well as their quantification, can be deter-
mined more precisely using the deterministic
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approach used in this paper. It combines
Bowers’ (1995) and Dutta’s (2002) linear
relationship of density and sonic, and this
approach is repeatable in other wells from
the Lower Kutai Basin.

2. The plausible geological mechanism that
contributes to unloading overpressure in the
Lower Kutai Basin is gas generation, as re-
ported by Ramdhan and Goulty (2018). This
is not explored further in this paper.

3. Asan alternative to using the sonic log, analy-
ses by Hermanrud et al. (1998) from Norway
suggest that the resistivity log reacts in a simi-
lar manner to sonic in unloaded shale, and as
such, could be a useful new tool in the Lower
Kutai Basin for interpretation of pore pressure.

4. Cross-plotting of resistivity vs. vertical ef-
fective stress indicates a concave rather than
convex trend as displayed in Bowers (1995)
for sonic data. This is consistent with obser-
vations in Hauser et al. (2013) using Gulf of
Mexico data.

5. Shallow freshwater encroachment is reported
in the Lower Kutai Basin, meaning the shal-
low resistivity data is problematic to use to
define both top of overpressure and a normal
compaction trend. Care must therefore be
taken if resistivity is to be used for the inter-
pretation of unloaded pore pressure, and to
use those wells where this is less pronounced.
Regional published salinity studies suggest
this would be in the pro-delta area.

6. Assuming the usual caveats in using resistiv-
ity data, and the previous point, this paper
suggests that resistivity can be a useful tool
in the Lower Kutai Basin for pore pressure in
unloaded shale at elevated temperatures. This
is of relevance in this basin, where sonic logs
are either missing or only run over limited
intervals.
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