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Abstract: Well-predicted pore pressureisvital throughout the
lifetime of an oil and gas field starting from exploration to the
production stage. Here, we studied a mature field where enhanced
oil recovery is of high interest and pore pressure data is crucial.
Moreover, the top of the overpressure zone in west Baram Delta
starts at different depths. Hence, valid pore pressure prediction
prior to drilling is a prerequisite for reducing drilling risks,
increasing efficient reservoir modeling and optimizing costs.
Petrophysical logs such as gamma-ray, density logs, and sonic
transit time were used for pore pressure prediction in the studied
field. Density logs were used to predict the overburden pressure,
whereas sonic transit time, and gamma-ray logs were utilized to
develop observed shale compaction trend line (OSCTL) and to
establish a normal compaction trend line (NCTL). Pore pressure
was predicted from a locally observed shale compaction trend line
of 6 wells using Eaton’s and Miller's methods. The predicted pore
pressure using Eaton’s DT method with Eaton’s exponent 3
showed a better matching with the measured pressure acquired
firom the repeat formation test (RFT). Hence, Eaton’s DT method
with Eaton exponent 3 could be applied to predict pore pressure
for drilling sites in the study area and vicinity fields with similar
geological settings.

Keywords: Eaton method, Miller method, pore pressure
prediction.

. INTRODUCTION

The pressure of fluids within a porous rock is known as

pore pressure or formation pressure [1]. If the change in
pressure per unit depth is equivalent to the hydrostatic
pressure of the formation pore pressure of therocksit iscalled
anormal pore pressure. Pore pressures which are found to lie
above or below the normal pore pressure gradient line are
called abnormal pore pressures [2]. Abnormal pore pressures
could be classified into overpressure or under pressure
depending on their magnitude. If the pore pressure of the
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formation is greater than the hydrostatic pressure at a given
depth, itis called overpressure, whereasif the formation pore
pressure is lower than the hydrostatic pressure of a given
depth it is known under pressure [3]. Overpressure has been
one of the major global geological challenges in the drilling
operations in the oil and gas industry, while predrill pore
pressure remained as the basic input data for proper selection
of casing optimization and specifying a reliable of a drilling
fluid density [4]. Thus, implied that validated pore pressure
(over or under pressure) prediction is crucia for the oil and
gas industry due to its decisive impact on the safety and cost
of drilling for petroleum exploration and production [5].
Hence, precise pore pressure prediction is required to
minimize the risks of drilling incidents such as blowoults,
kicks, instability of wellbore, wholewashouts, loss of drilling
fluid circulation and protect the pay formation [3]. Accurate
pore pressure prediction prerequisites a better understanding
of the overpressure generation mechanisms in a particular
field. Tectonic setting, rate of sedimentation and lithology
have a maor influence on overpressure distribution
mechanisms [6]. This signifies the importance of geological
and tectonic understanding of the basin evolution for the
analysis of overpressure mechanisms and pore pressure
prediction in a given study area.

II. GEOLOGICAL SETTING

TheBaram DeltaProvinceisaTertiary basin located in the
northern part of Sarawak and extending north-eastward
though Brunei into the southern part of Sabah (Fig.1). It was
formed in the late Eocene following a mgjor orogenic event
that folded and uplifted the late Eocene deposits [7]. The
study area is located 40 km offshore Sarawak in the
south-western part of the Baram Delta Province (Fig. 1).

A. Overpressure generation mechanisms

Overpressureistheresult of geological, physical, chemical,
and mechanical processes [8]. According to Swarbrick and
Oshorne [9], the mechanisms of overpressure generation are
classified into three broad categories: (1) stress-related
mechanisms, (2) fluid volume increase mechanisms, (3) the
flud movement and buoyancy mechanisms. The
stress-related overpressure generation mechanisms are
disequilibrium compaction which is aso known as under
compaction and overpressure caused by tectonic structures
such asfaults and folds. Depending on whether the structures
act asaconduit or asaseal.
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The increment of temperature with depth, the release of
water due to the transformation of minerals (clay diagenesis),
hydrocarbon maturation, and oil to gas cracking are under the
category of fluid volume increase mechanisms. Buoyancy and
lateral transfer are under the third category.

B. Distribution of overpressurein the study area

The distribution of overpressure in the Baram Delta is
believed to beinfluenced by the rate of sedimentation [10]. It

is known that overpressure is mainly generated by under
compaction due to the fast rate of deposition of less
permeable shales in many tertiary basins [6]. However, two
types of overpressure mechanisms were suggested in the
study area; the disequilibrium compaction in the pro-delta
shales, and fluid expansion in the outer shelf of the region
[11].
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Fig. 1. Location map of the Baram Delta Province(the green box), Sarawak, M alaysia [12].

1. METHODOLOGY

In this study, we have used different types of petrophysical
logs such as gamma-ray (GR), density logs (RHOB), and
sonic transient time (DT) to predict the pore pressure. The
density logs have been used to predict the overburden
pressure. Gammaray and sonic transit time were used to
calculate the observed Shale Compaction Trend Line
(OSCTL) and Normal Compaction Trend Lines (NCTL). The
sonic log (DT) was used to develop the regional normal
compaction trendline. Pore pressure was predicted from the
locally observed shale compaction trendline, which was taken
from the smoothed |og response.

A. Pore pressure prediction methods

The effective stress method is the most popular pore
pressure prediction method in the industry. According to
Terzaghi [13], the total vertical stressis equal to the sum of
rock grain pressure and the pore pressure of the formation.
Thisisthe basic theory in pore pressure prediction.

The vertical effective stress can be calculated by:

Ve = Pog — PP (€0}
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Where. 1, is the vertical effective stress, F,; is the
overburden stress, PP is the pore pressure, and a is the vertical
effective stress coefficient which isless than 1.

The factor o is the Biot consolidation coefficient and
defined as:

Kf

a- —_——
K= 2
Where, Kf is the bulk modulus of the dry rock frame
(drained) and Ksisthe bulk modulus of the solid material. For
soft rocks a.= 1 and for hard rocks o.= 0. The value of a can be
estimated either through laboratory measurements or field
data[14]. For this purpose, two methods are briefly described

in the following.

The Eaton method is based on the change in the porosity of
rockswith depth. It isderived from equation (1) above. Eaton
[15], developed a method by comparing the norma and
observed values from sonic travel time. Therefore, the pore
pressure of the formation can be estimated from the ratio of
the observed and the expected values.
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The equation is given as:
_ ATn .
PP =Py — (Pap — Puye )57, @
Where PP is the pore pressure of the formation, Py is the
overburden stress, Py,.x is hydrostatic (normal) pressure,
ATn is the normal transit time (sonic), ATn is observed sonic
transit time, and n is an exponent.

Provided the normal compaction trendlineiswell determined,
the Eaton method is applicable for pore pressure prediction of
young sedimentary basins[16].

Miller’s method is the second approach which bases on the
relationship between the velocity in the formation and vertical
effective stress, which in turn can be used to relate sonic
transit time to pore pressure of the formation. Sonic is the
main input data to determine the maximum velocity depth that
can be associated with the existing unloading mechanism
[17]. Miller’s sonic velocity can also be applied for pore
pressure prediction [18].

Miller’s sonic velocity(loading) method is given as:

PP =V, —In { (@)

mﬂ—umi}
rm-rn

Where, Where, PPisthe pore pressure of the formation, ¥,
is the vertical effective pressure, vm is the interval velocity
from sonic measurement in the matrix of the shale, 1 isthe
velocity (compressional), wml is the interval velocity of the
sediments in the mudline, A is the empirical parameter which
defines the increment rate of velocity as the function of
effective stress (normally is A = 0.00025).

Miller’s sonic velocity (unloading) method is given as:

PP =V, —ZIn {am(1 - (5)

um—uum}
rm—rn

Where, PP is the pore pressure of the formation, ¥;, is the
vertical effective pressure, vm is the interval velocity from
sonic measurement in the matrix of the shale, , vp is the
velocity (compressional), wml is the interval velocity of the
sediments in the mudline, 4 is the an empirical parameter
whichisdefinesthe increment rate of vel ocity asthe function
of effective stress (normally is A = 0.00025), am is the ratio of
the loading and unloading velocities for the effective stress
curve vulo (normally am =1.8) and am = wp / vulo, vulo iS
the effective stress from unloading of the sediment

Repeat formation test (RFT) was used to validate the pore
pressure prediction at well locations. Out of the six wells, only
two wells have RFT data. Hence, the RFT data of those wells
was used to validate the pore pressure prediction.

IV. RESULT AND DISCUSSION

Based on Eaton DT eguation (3) and Miller methods
equation (5), pore pressure for the study was successfully
predicted for 6 wells. As aresult, the Eaton DT method with
Eaton exponent 3 and Miller method with velocity exponent 3
have able to predict reasonably consistent pore pressure that
matches the measured RFT data at well locations.
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Fig. 2. Pore pressure prediction for well 1 using the Eaton

DT method. Grey black color isthe hydrostatic pressure,

purplecolor isthe overburden stress (pressure), thered

curveisthe predicted pore pressur e of theformation (psi)

using Eaton DT method with Eaton exponent 3, and the
green dotsare measured RFT pressure data.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication



Pore Pressure Prediction using Well-L ogging Data in the West Baram Delta, Offshore Sarawak Basin,

Malaysia
Well 1 Well 2
Pressure P i
TVvDssim)) 1 w1 | TVDss(m)f 7 resswe
. Miller Pore Pressure DT | . Effective Pore Pressure DT ||
. Mormal Pore Pressure . Hormal Pore Pressure :
| . Cwverburden 200! . Crverburden :
200 § ' M rer . I rer .
| 400/ {
400| { {
: 600/ |
800/ [
500, . :
' 1000! :
1000} ' 1200} ;
1200/ 1400
[ 1600 {
1400/ - :
| 1800
1600 - :
2000| !
1800 :
22001 [
20001 | : |
2200 2600
2400/ 2800
! 3000
| 2.471.88 |
655,04 [ [
k 2.000.2 | 3200/ l 2,362.44]
l 4,171,37 | | 4,587 61 |
[N 2,000 2,000 5,000 8,000 o [0 2,000 2,000 5,000 8,000 i

Fig. 3. Porepressureprediction for well 1 usingtheMiller
method. Grey black) color isthe hydrostatic pressure,
(purple color) isthe overburden stress (pressure), the

blue curveisthe predicted pore pressure of the formation

(psi) using Miller method with velocity exponent 3, and
thered dotsare measured RFT pressure data.
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Fig. 4. Porepressureprediction for well 2 using the Eaton
DT method. Grey black color isthe hydrostatic pressure,
purplecolor isthe overburden stress (pressure), thered
curveisthe predicted pore pressure(ps) using Eaton DT
method with Eaton exponent 3, and the green dotsare
measured RFT pressure data.
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Fig. 5. Porepressureprediction for well 2 usingtheMiller
method. Grey black color isthe hydrostatic pressure,
(purple color) isthe over burden pressure, the blue curve
isthe predicted pore pressure (ps) using the Miller
method with velocity exponent 3, and thered dotsare
measured RFT pressure data.
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The predicted pore pressure using the Eaton DT method with
Eaton DT exponent 3 and Miller method with velocity
exponent 3 showed avery good correlation with the measured
pressure datafrom RFT for both wells; well 1 and well 2. The
predicted pore pressure using the Eaton DT method with
Eaton DT exponent 3 also showed an excellent correlation
with the measured pressure (RFT) data in the shallow depths
of the wells. This could be related to the fact that the
overpressure generation mechanism at the shallower depth of
the study areais mainly caused by disequilibrium compaction
(under compaction) which is consistent with previous works
of Yusoff [10]. However, the predicted pore pressure using
the Miller method with velocity exponent 3 showed excellent
matching with the measured RFT pressure data in the deeper

depths of the studied field, where fluid expansion could be the
main mechanism of over pressure in the study area.
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Fig. 6. The predicted pore pressurefor well 1 using the
Eaton DT method with Eaton DT exponent 3 is compar ed
with measured RFT pressure data.
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Fig. 7. The predicted pore pressurefor well 1 using the
Miller method with velocity exponent 3 is compared with
measured RFT pressure data.
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Fig. 8. The predicted pressurefor well 2 using the Eaton DT method with Eaton DT exponent 3 is compar ed with the
measured RFT pressure.
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Fig. 9. The predicted pore pressurefor well 2 using the Miller method with velocity exponent 3 is compared with
measured RFT pressure data.
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V. CONCLUSION

Conventional pore pressure prediction methods such as
Eaton DT and Miller methods with their standard exponents
(Eaton DT exponent 3 and velocity exponent 3) have
provided accurate pore pressure prediction results for a
producing field in the Baram Delta of the Sarawak Basin.
Eaton DT method with Eaton exponent 3 provided an
excellent correlation with measured RFT pressure data.
Hence, the Eaton DT method with Eaton exponent 3 could be
applied to predict pore pressure for the planning and
optimization of drilling operationsin the study area.
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