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INTRODUCTION

Pre-drilling pore pressure prediction is one of
the most important issues in the design and
evaluation of wells. It is effective in determining
the weight of drilling mud, balancing the fluid
pressureinsidethewellandalsoisakeytosafeand
economical drilling in high pressure sediments.
The pore pressure, which is determined using
direct measurements such as RFT in the well
after drilling, can also be predicted by indirect
seismic methods before drilling.

Pore pressure was predicted by Pennebaker
in 1968 using seismic velocity [1]. From 2000
onwards, pore pressure prediction based on
seismic data have become one of the most
common analyzes in areas with high pressures.
Soleimani and Riahi in 2012 applied the seismic

velocity method to predict pore pressure in the

Accepted: July/17/2019

Mansouri sandstone reservoir [2]. Banik et al
2014 applied seismic acoustic impedance to
pore pressure prediction in the Gulf of Mexico.
Moreover, they were able to accurately estimate
sandstone reservoir pore pressure beneath the

salt layers [3].

METHODOLOGY

The main assumption of this type of studies is
that the changes of seismic attributes with pore
pressure arises from the principles of effective
stress which was first formulated by Terzaghi [4].
The theory of pore pressure (Pp) prediction
based on Biot’s and Terzaghi effective stress
law proposes the following relation between
overburden stress Po and effective stress ce

(Equation 1):



_(p,—0o,)
- B (1)

where B is the Biot coefficient.

P,

In this study, the seismic horizons of the study
area were first interpreted, and 3D inversion of
the seismic data was then performed by Strata
module of the Hampson Russell (HR) software.
Therefore, the cubes of acoustic impedance
and velocity data were extracted from seismic
inversion.

The density cube was then estimated using
the 5 well density logs and seismic data in the
Emerge module of the HR software. Afterwards,
the overburden pressure, which is equal to the
vertical stress due to the weight of the upper
sediments and their pores fluid, was calculated
using density cube and cell thickness based on

relation 2.

Po=gp,z =9g] py(2)dz (2)
0

where P_is equal to the overburden pressure, p,
is the bulk density and z is the vertical thickness
of the upper sediments.

Now, using the overburden pressure and the well
RFT data, the effective pressure at the location of
each well was calculated from Terzaghi relation
(Eq. 1) with the assumption  =1.

Moreover, by fitting the inversion velocity data to
the obtained effective pressure data, the initial
relationship between them was established and
after making the necessary corrections at the
well locations, its final calibration coefficients
with A = 250 and B= 0.4 were obtained. Finally,
the relationship between inversion velocity data
and effective pressure data was determined as
bellow:

v =1500+250(o, )0'4 (3)

The inversion velocity data were then returned
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to the effective pressure data using the above
equation, and pore pressure cube was finally
calculated using the Terzaghi equation (Equation
1). One sample cross section of the predicted
pore pressure cube passing well 2 is depicted in

Figure 1.

RESULTS AND DISCUSSION

As it can be seen in Figure 1, the llam and Sarvak
reservoirs are recognizable (with darker in color)
from their upper and lower layers. However,
in this method, the Burgan and the Fahlyian
reservoirs were not correctly identified.

At the next procedure, by fitting the effective
pressure with seismic Al data, their relationships
were recognized. The coefficients of the obtained
relation were then calibrated at well locations,
and their final relation was found as bellow
(Equation 4):

I =3500+135(c, )0'65 (4)

where | =3500(g/cm?)*(m/s) is the seismic Al
at ground level and adjusted during calibration
process.

Then the cube of acoustic impedance data was
returned to the effective pressure data using the
above relation. Following that, the pore pressure
cube was extracted by Terzaghi equation (Eq.
1). Figure 2 illustrates one cross section of the
predicted pore pressure cube passing well 2.
Inthe EW cross section of the pore pressure cube
predicted by this method (Figure 2), all reservoirs
(llam, Sarvak, Fahliyan, and Burgan formations)
are clearly detected with more pore pressure
than their upper and lower layers (darker colors).
This indicates the high capability of this method
in predicting reservoir pressure in the carbonate

reservoirs.
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Figure 1: Cross section of pore pressure (psi) estimated by the inversion velocity wherein llam and Sarvak reser-
voir is separated by its higher pressure (darker color) from its upper and lower layers.
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Figure 2: A cross section of the pore pressure (psi) estimated from the Al data at well 2: All four reservoir sec-
tions are characterized by more pore pressure than their upper and lower layers.

Finally, the statistical analysis on the results of
both inversion velocity and Al based methods
indicate that their results are in good agreement
with those obtained using RFT test at well
locations. So (that) the correlation coefficient (R)
between the wells pressure and the predicted
pore pressure data is 0.91 for the inversion
velocity method while it is 0.93 for the Al based
method. Furthermore, the standard error of the
predicted data was determined 78 and 33.7 psi
for the inversion velocity and Al based methods

respectively.

CONCLUSIONS
Statistical analysis and comparison of the models

results, including the coefficient of correlation

and standard error between the predicted pore
pressure data and the RFT data in the wells,
showed that the acoustic impedance method is

more accurate than velocity method.

NOMENCLATURES

Al: Acoustic impedance (g/cm3)*(m/s)
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