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1. Bowers
2. Terzaghi
3. Castagna
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1. Castagna

2. Modular Dynamic Tester (MDT)/Drill Stem Test (DST)
3. Sequential Gaussian Simulation (SGS)

4. Inverse Distance Weighted

5. Kriging Linear Unbiased Estimator

6. Co-Kriging
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Introduction

In seismic methods, pore pressure estimation is
obtained by converting the seismic velocity to
pore pressure and comparing it with the pressure
obtained during the well test program. The results are
determined from geostatistical or intelligent models
such as artificial neural networks. The acoustic log
can be a good indicator of the internal pressure of the
earth. In Other words, increasing the passage time in
the zones is a function of changing the porosity or
increasing the pore pressure gradient, so it is possible
to identify areas with abnormal pore pressure and
decrease drilling risk [1-6]. Intelligent methods are
one of the new, low-cost, and accurate methods that
can be used. Using petrophysical graphs such as DSI,
the shear wave velocity of the reservoir in the shortest
possible time is estimated [7-8]. For estimating the
pore pressure by the Bowers method with velocity
data, the relationship between effective stress and
velocity in sediments under normal pressure has been
proposed by Bowers in 1992 (Equation 1):

V=V,+4dc" (1)

where V, is the velocity of unconsolidated fluid-
saturated sediments, and A and B describe the variation
in velocity by increasing effective stress (o) and can be

derived from offset well data [9-14].

Accepted: September/19/2022

The general purpose of conducting this study is to
determine the final model of the drilling mud window
for conducting new drilling in the entire area of the
studied field with the highest possible compatibility. It
has been carried out in three stages, including models
of interval velocities, formation pressures, and finally,
determining the range of drilling fluid weight. This
manuscript is the result of the first part of the studies.

Material and Methods

South Azadegan field formations are modeled based
on the interpretation of time-domain seismic horizons
data and correlated with geological information
obtained from exploratory drilling and depth-domain
seismic horizons constructed as separate layers from
the surface Aghajari formation to the Gotnia formation.
Due to the lack of complex fault systems in the area,
the geological model has been built with a simple
network of Petrol 2016 software.

The reservoir formations of the south Azadegan
field include seven formations, Pabdeh, Gurpi, Ilam,
Sarvak, Kazhdumi, Gadvan, and Fahliyan.

The Interval velocity model was prepared using the
relationship between checkshots and Vertical Seismic
Profiling (VSP) velocity data and depth changes in
wells with information according to Equation 2, and
the coefficients ¥, and K were determined with a
correlation coefficient of 0.95.



V =V,+K *Z ()

In this relation, K is the constant conversion factor of
changing deep horizon layers to the average interval
velocity, and V is the surface layer velocity.

Based on the results, the average velocity of Aghajari
surface formation is calculated at a constant rate of
1984.6 m/s in the southwest direction of the study
area. Moreover, the whole cube is used to build the
velocity cube model in the next step after developing
the model.
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Results and Discussion

Based on the Terzaghi relationship (Equation 3),
each of the completed effective pressure cubes (P )
is deducted from the overburden pressure cube (P, ).
Furthermore, after correlating the pore pressure cubes
(P o) made with the initial effective pressure data
for different formations (Table 1), the SGS model
(co-kriged with v, and Al cubes) has the highest
correlation coefficient, which is confirmed. Therefore,
data obtained from this method are considered to
calculate the final pore pressure gradient.

P, =P ,-P

Pore 0.B eff

3)

Table 1 Correlation coefficients of formation pore pressure cubes of studied field using neural network based on Bowers, SGS,

and IDW models with primary MDT data.

Formation Correlation coefficient of Pore pressure and Primary MDT data
Bowers method SGS method IDW method

Tarbur (member of Gurpi) 0.93 0.73 0.57

Ilam 0.12 0.47 0.34

Sarvak 0.24 0.48 0.48
Kazhdumi 0.07 0.14 0.09

Dariyan 0.19 0.27 -0.1

Gadvan 0.36 0.14 -0.4

Khalij (member of Gadvan) 0.27 0.19 -0.49

Upper Fahliyan 0.21 0.22 -0.06

Lower Fahliyan -0.25 -0.57 0.1

Total MDT Data 0.58 0.57 0.44

Conclusions impedance (Al) inversion. It has a higher correlation

1- According to the Interval velocity model, the
highest average velocity in the range of 2760-2900 m/s
in the northeast of the study area is related to Gotnia
Formation, and the lowest is related to Gachsaran
formation with 2150-2280 m/s in the southwest
direction of the case study area.

2- Due to the lack of compressional velocity logs
data in no one of the wells, using neural networks
to construct velocity models in surface layers was
not possible. Therefore, using VSP, gamma rays,
and density logs are done in 5 steps with the highest
possible correlation coefficient. Finally, a scaled-up
model has been constructed for all wells from surface
to bottom.

3- To study the fracture pressure of the formation, the
shear velocity cube is modeled using exploratory well
cores and shear velocity logs. The final Vs logs had a
0.95 correlation with the main DSI shear logs.

4 - Cube values of inverted acoustic impedance in the
depths of the bottom of the field are often in the range
of 8000-15000 [(m/s)*(gr/cm3)], which can be in the
range of calcareous formations.

5- To model the effective pressure by the Bowers
method, it is proposed to use a compressional velocity
(Vp) cube obtained from a sequential Gaussian
simulation (SGS) with co-kriging with Acoustic

coefficient than the method similar to the seismic
migration velocity cube.

6- Based on velocity-volume (Vp-V) fractal models,
compressional velocity regimes are divided into 25
regimes at distances of 1000 to 5590 meters. The
dominant geological model of each regime includes
twenty intervals of pure limestone, three intervals of
sandstone and limestone, one interval of anhydrite and
sandstone, and one interval of marl and sandstone.

7- As the Logratio matrix in the dominant limestone
intervals, the maximum overall accuracy (OA) of 0.74
in the Vp range of fewer than 6109.4 m/s at depths
of 5000-5590 meters is related to Najmeh to Neyriz
formations. Furthermore, the lowest OA of 0.32 in the
Vp range between 6011.7 to 6095.4.4 m/s is related to
the Khalij member of Gadvan to Sargelu formations at
depths of 4000-5000 meters.
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