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ABSTRACT: Understanding the distribution and variation of subsurface formation pressure is key to preventing geo-
hazards associated with drilling activities such as kicks and blow out. To assess and prevent such risk in drilling offset
wells in the Hamoru field, prediction of pore pressure was done to understand the pressure regime of the field using
well logs in the absence of seismic data. Two commonly used methods for formation pressure prediction; Bower’s
and Eaton’s methods were adopted to predict pore pressure and determine the better of the two methods that will be
more suitable for the field. The cross-plot of Vp against density disclosed that compaction disequilibrium is the
prevalent overpressure mechanism. The prediction of Pore pressure with Eaton’s method gave results comparable to
the acquired pressure in the field, typical of what is expected when compaction disequilibrium is the dominant
overpressure mechanism. Since the result of Bower’s method over estimated formation pressure, Eaton’s method
appears to be the better choice for predicting the formation pore pressure in the field. Analysis of the predicted pore
pressure reveals the onset of overpressure at depth of 2.44 km. The formation pressure gradient ranges from 10.4

kPa/m to 15.2 kPa/m interpreted as mild to moderately over pressure.
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I. INTRODUCTION

Formation pore pressure consideration is vital for drilling
plan, geo-mechanical and geological evaluation to prevent
some geological hazards (Jincai, 2011). In an over-pressured
region such as the Niger Delta, adequate understanding of the
pore pressure system is critical for economic and safe drilling
operations devoid of drilling hazards like fluid influx,
pressure kicks and blow out .

The fluid pressure in rock pore spaces is described as pore
pressure. It varies from normal or hydrostatic pressure; to
critical overpressure i.e. when the formation pressure greatly
exceed the regional hydrostatic pressure. Overpressures can
result from several causes, such as generation of hydrocarbon,
disequilibrium compaction (under-compaction), cracking of
gas, aqua thermal expansion, alterations of mineral (e.g.,
illitization), hydrocarbon buoyancy, tectonic compression , and
hydraulic heads (Gutierrez et al., 2006; Swarbrick and
Osborne, 1998).

Prediction of pore pressure can either be pre-drill or post-
drill. Most predrill prediction is seismic based, while post drill
can be done by direct measurement or from well log data.
Prediction of formation pore-pressure obtained from shale
properties acquired from wire line log were probably first
attempted by Hottmann and Johnson (1965). They indicated
that as pore fluid is expelled, there is a reduction in porosity as
depth increases with sediments compact normally. If the rate of
sedimentation is very high, compaction disequilibrium occurs
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which may lead to overpressure build up (Osborne and
Swarbrick, 1997; Mouchet and Mitchell, 1989).

Cases of overpressure and several drilling hazards such as
blowouts, lost wells and mud losses have also been recounted
in some parts of the Niger Delta where certain wells have
penetrated deep zones of overpressure. (Opara et al., 2013;
Nwozor et al., 2013).

Well logs that serves as indicator of formation pore
pressure like P-sonic, formation density, resistivity and
porosity obtained from a deep well were used to calculate the
formation pore pressure in the study field to understand the
pressure regime of any intended offset wells in the field so as
to prevent drilling hazards. The study field is situated in the
Niger Delta Basin. The Niger Delta Basin is a key geological
feature of substantial exploration and production of petroleum
in Nigeria, and it ranks amongst the most prolific petroleum
producing deltas in the worlds. The delta is located in the Gulf
of Guinea, West Africa. The Niger Delta geology has been
studied in detailed by several workers (Reyment, 1965; Short
and Stauble, 1967; Murat, 1972; Doust and Omatsola, 1990,
Morley et al., 1998; Adeogba et al., 2005; Corredor et al.,
2005).

The Basin comprises of three major formation namely
(sequentially from top to base); the sands of the Benin
Formation, the intercalated Agbada Formation described as a
deltaic facies and the marine shales of the Akata Formation.
The shale of the Akata formation are significantly over
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pressured and are believed to be the main hydrocarbon source
rock.

Il. MATERIALS AND METHODS

The effective stress law postulated by Terzaghi’s and
Biot’s is the major theory for formation Pore pressure
prediction across the world (Biot, 1941; Terzaghi et al., 1996).
The theory pointed out that formation pore pressure is
dependent on the overburden or total stress and effective stress.
Pore pressure, total stress, and the effective vertical stress are
expressed in equation 1.

p=(ov-oe)/a Q)
Where; p is the pore pressure of the formation;

ov is the total or overburden stress;

oe is the vertical effective stress;

a is the coefficient of Biot effective stress
Several fundamental equations for well log based prediction of
formation pore pressure have been presented based on P-sonic
log, resistivity log, and other well log data. The adopted
techniques for this research are the two commonly used
Bower’s and Eaton’s methods.
Eaton (1975) estimated formation pressure by comparing
effective stress of a formation with that of a normally
consolidated formation, and the measured velocity with
velocity of a normally consolidated formation. He presented an
equation for formation pore pressure gradient in younger
sedimentary basins where under-compaction is the prevalent
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cause of overpressure, demonstrated by Lang et al., (2011). Its
application is limited in geologically complicated area since it
overlooks unloading effects.

Bower (1995) technique applies the P-sonic velocity and some
empirically derived parameters to compute formation
pressures. To determine the formation pore pressure, the
difference between the vertical effective stress and the
overburden stress is calculated. This technique can be adopted
to estimate pore pressures that result either from disequilibrium
compaction or due to other secondary mechanism. Bowers’
method however, overestimates pore pressure when the
formation is poorly-consolidated or under-compacted, since
the velocity of the formation is very slow (Jincai , 2011).

The well data available for this study was obtained from Shell
Petroleum Development Company (SPDC). They include RFT
(Repeated Formation Tester) pressure data within interval of
2.93 km and 3.41 km, well log data such as Resistivity log,
Gamma Ray log , Density log, P- Sonic and Caliper Logs
(Figure 1).

ROKDOC interpretation software was used for data
interpretation after the sourced data have initially been
subjected to quality control checks such as depth
reconciliation, filtering and de-spiking to improve the quality
of the data.

Parameters estimated for the prediction process include Shale
Volume and shale trend, Normal Compaction Trend (NCT),
Overburden Stress and Hydrostatic pressure.
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Figure 1: Display of the available and generated logs on the log view of the ROCDOK software.
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I1l. RESULTS AND DISCUSSION

Over pressure can result by two major mechanisms:
disequilibrium compaction mechanism; which as a result of
rapid sediment loading unaccompanied by equally rapid
dewatering and compaction. (Swarbrick and Osborne, 1998)
and Secondary mechanisms of overpressure that post-date the
normal sediment loading mechanism that occur as depth of
burial increases (Lahann and Swarbrick , 2011; Nadeau 2011).
The mechanism of overpressure prevalent in the study field
was determined by using a plot of Vp vs density (Rho) colour
coded with depth as shown in Figure 2. The plot reveals an
increase in density that results to a corresponding increase in
velocity with the deepest interval assigned the highest density
and velocity values, typical of what is expected when

RokDoc Cross-plot
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compaction disequilibrium is the mechanism responsible for
the overpressures (Hoesni, 2004).

A. Normal Compaction Trend

The shale volume computed from Gamma ray log expressed as
a percentage or decimal fraction is called V-shale (Volume of
shale). The computed V-shale is displayed in the second tract
of figure 3. Since abnormal pressure build up is common in
shale, a shale cut-off was applied to eradicate the velocity
within the sand interval. This was important to get a good fit of
the shale trend within the cleanest shale in the well for normal
compaction trend generation (Figure 5).

The Normal Compaction Trend (NCT) represents the best fit
line trend of the measured velocity across the transition zone in
the low permeable beds (Shaker, 2007).
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Figure 2: Plot of Vp vs Density (Rho) colour coded with depth for mechanism of over pressure determination.
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A trend fit to the sonic velocity in figure 5 shows a noticeable
compaction gradient that rise at high rate within the shallow
depth interval and at a low rate at greater depth. The sediments
compact normally until a depth of about 2.44 km (TVD) as
indicated by the arrow, which mark the onset of overpressure
in the well.

B. Overburden Stress

Overburden or lithostatic pressure is the pressure or stress of
the overlying material weight imposed on a layer of rock. It is
one of the major parameters required for pore pressure
prediction using the Terzaghi’s equation in equationl. It was
computed using the cumulative bulk density weight above the
depth of interest from the bulk density log. The computed
overburden gradient is presented in Figure 6. The red line
represents the overburden gradient line through the displayed
density log point. This line is compared to the line of fixed
gradient of 22.6 kPa/m to the right.
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Figure 3: Display of the V-shale log in the second tract generated from

Gamma ray log.
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Figure 4: Display of the lithology log and Vp- shale trend.
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Figure 5: Normal Compaction trend indicating onset of overpressure.
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Overburden Trend Generator
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Figure 6: Overburden trend generated from the density log.

C. Computation of Hydrostatic Stress

Hydrostatic pressure is the pressure that acts on a given
column of fluid at a particular depth. The value varies between
9.73 kPa/m and 10.86 kPa/m depending on the salinity of the
formation water (Krusi, 1994) and the depth of extrapolation.
The hydrostatic pressure gradient (Pg) in psi/ft, was computed
using the relation in egn (2) at all depth points and it is also
displayed in Figure 7.

Pg = 0.433 x fluid density (in slug/ft3) 2
Overpressure is said to occur when the formation pressure
exceeds the hydrostatic baseline.

D. Prediction of Pore Pressure

The Eaton’s and Bower’s methods were both adopted for
the prediction of the formation pore pressure, to establish the
technique that will give similar results as the acquired RFT
pressure data which will be adopted for pore pressure
prediction for any offset wells in the field. The Eaton’s method
relates effective stress in a well with that of a normally
consolidated formation, and the velocity of a normally
consolidated formation with the measured velocity to predict
formation pore pressure. The method adopts the vertical
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effective stress generated from a computed normal compaction
trend, with the assumption that the formations are basically
mechanically compacted, the sediments are at maximum
effective stress and the lithology is thick shale. Computation of
lithology and volume of shale log that applied shale cut-off
ensures that Vp-trend estimated to generate the normal
compaction trend is restricted within the thick shales. The pore
pressure was computed using the Terzaghi equation in equation
in equation 1. The result is displayed in Figure 7).

The Bower’s method demonstrated the error common
with linking pore pressure to the deviation of velocity from
computed compaction trend (Bower, 1995). The observed
deviation could be as a result of complex variation in lithology
that could cause a significant change in velocity that is not
essentially related with pore pressure. To correct this anomaly,
Bower proposed a method that calculates effective stress
directly from velocity without establishing the compaction
trend, which is deducted from overburden stress to get
formation pore pressure using the Terzaghi equation. The
predicted pore pressure using this technique is presented in
Figure 7.

This method most times account for the inadequacies
associated with pore pressure prediction when unloading is
involved in the generation of overpressure, but tend to
overestimate pore pressure when compaction disequilibrium is
the more prevalent mechanism of over pressure, and this is
mostly seen in shallow, unconsolidated sediments. This
situation was observed in figure 7. Comparing the acquired
pressure data with the predictions done with both methods, it is
observed that there exist strong similarities between the
measured pressure and pressures predicted with Eaton’s
method, confirming that Eaton’s model will give better results
for prediction of an off-set well pressure regime. This was
expected as seen in the result obtained from the cross plot to
determine overpressure mechanism in figure 2, which depicts
disequilibrium compaction rather than unloading as the
prevalent mechanism of over pressure in the study field.

In Figure 5, normal compaction is observed at depth
interval shallower than 2.44 km, and the normal compaction
trend line shows a shift at this depth to the left which is an
indication of the onset of overpressure. At this depth, the
pressure of the well is expected to have exceeded the
hydrostatic pressure. In the Niger Delta where the study field
is located, the normal average hydrostatic pressure gradient is
usually 9.90 kPa/m. The result showed that the field is mildly
to moderately over pressured with pressure gradient of 10.46
kPa/m to 15.25 kPa/m at depth of about 2.44 km (onset of over
pressure) to 3.35 km ( Nwozor et al., 2013).
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Figure 7: Results of Bower’s and Eaton’s pressure models superimposed on the measured pressure.

IV. CONCLUSION

Well log data were used to predict formation pore
pressure using Eaton’s and Bower’s method to determine the
better of the two methods to adopt for pore pressure prediction
in the Hamoru field in order to understand the pressure regimes
of the field to prevent geo-hazards during drilling of any
proposed offset wells in the field. Pore pressure prediction
using Eaton’s method gave results similar to the acquired
pressure in the field, typical of what is expected when
disequilibrium compaction is the prevalent mechanism of
overpressure. Although Bower’s model could also be used to
estimate pore pressure that result from disequilibrium
compaction, but in the study field, the method over estimated
formation pressures.

Hence Eaton’s method appears to be better suited for
formation pore pressure estimation in Hamoru field. This study
revealed that disequilibrium compaction is the main
overpressure generating mechanism in the field. Analysis of
the results of pore pressure prediction reveals the onset of
overpressure at depth below 2.44 km. The formation pressure
gradient ranges from 10.4 kPa/m to 15.2 kPa/m making the
Hamoru field a mild to moderately over pressured zone.
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