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Abstract: The objective of this study is to predict formation pore pressure in San Sai oilfield of Fang basin,
located in Chiang Mai Province, Northern Thailand, by using seismic data. The main activities in this study
were: (1) required data collecting, including seismic travel time data, overburden pressure, and hydrostatic
pressure data of San Sai oilfield, (2) normal compaction trend generating from p-wave transit time, and (3)
formation pore pressure calculation by using the Eaton’s method of pressure prediction. Results from calculated
pore pressures indicated that pore pressure gradient in the study area was in range between 0.436 and 0.452
psi/ft and the erroneous percentage of this method was in range between 1.42% and 4.09%. Thus the predicted
formation pore pressure data that obtained from this study were acceptable and could be informatively supported
the drilling plan of Fang basin in the future.
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I.  Introduction

Pore pressure is defined as the fluid pressure in the pore space of the rock matrix. In a geologic setting
with perfect communication between the pores, the pore pressure is the hydrostatic pressure due to the weight of
the fluid (Fertl, 1976). Hydrostatic pressure is often referred to normal pressure conditions. Conditions that
deviate from normal pressure are said to be either overpressured or underpressured, depending on whether the
pore pressure is greater than or less than the normal pressure. The increasing weight of the overburden will tend
to decrease the porosity, and hence the pore space (Bourgoyne Jr et al., 1986). However, if the formation is
sealed, the fluid has nowhere to escape and starts to carry some of the weight of the overburden. The result is
that the fluid pressure is increased. This process is often termed ‘“undercompaction” or ‘“compaction
disequilibrium”, and is one of the major causes of abnormally high pore pressures (Dutta et al., 2002). The
porosity is one of the key factors determining the velocity of a rock. Both theoretical considerations and
experiments show that seismic velocities in general decrease with increasing porosity. Thus, undercompacted
sediments tend to have lower velocities than compacted sediments (Pennebaker, 1968). Knowledge of the pore
pressure in an area is important in drilling operation. In order to maintain a safe and controllable drilling, pore
pressure must be defined or predicted accurately. Therefore, this study aimed to predict formation pore pressure
of San Sai oil field, Fang Basin, Northern Thailand, by using its available seismic data which could be useful for
its future drilling plan.

Il.  Materials and Methods

Materials

Required data for the estimation of pore pressure consist of two major parts as for pore pressure
calculation and for its accuracy checking. In the part of pore pressure calculation, seismic data from eight 2D
seismic lines including Line S-2, Line S-3, Line F-89-031, Line F-1, Line F-2, Line F-3, Line F-89-038 and
Line F-89-040, were collected and analyzed to obtain seismic travel time velocity for the pore pressure gradient
calculation by using Microsoft Excel 2010. In the accuracy testing part, reference pressures which were
recorded from Repeat Formation Testing (RFT) data of well FA-SS-37-08 and by calculation from pressure
gradient of well FA-SS-37-07 were used as reference pressures to compare with calculated pore pressures of the
previous part.

All of required data for this study had been provided by Northern Petroleum Development Center,
Defence Energy Department, Defence Industry & Energy Center, Ministry of Defence.

Methods

Estimation of pore pressure within study area had been conducted by using interpreted seismic
velocities. Steps for pore pressure calculation in this research consisted normal compaction trend generating and
pore pressure calculation respectively.
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Normal Compaction Trend Generating

Normal compaction trend can be generated by making a transit time — depth plot on semi-log paper.
Then the normal compaction trend can be determined by drawing a straight line through the average of transit
time values and their corresponding depths (Hottman and Johnson, 1965).

Pore Pressure Calculation
The pore pressure had been calculated from travel time and pore pressure relationship proposed by Ben
Eaton (1972) as presented in Equation 1

(24
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|:)pore = OBZ _[OBZ —Pnz]x(At” j 1

O
where  Ppore = Predicted pore pressure (psi)
OB = Overburden pressure (psi)
P, = Normal pressure (psi)
Z = Depth to point of measurement (ft)
Aty = The assumed normal sonic slowness at depth Z calculated

from the Normal compaction trend line (usec/ft)

Aty = The observed (measured) sonic slowness at depth Z (usec/ft)
a = Pore Pressure transformation exponent variable with age/basin location (no unit)

According to the theory, overburden pressure gradient and normal pressure gradient (hydrostatic
pressure gradient) that used in this research were set conventionally as 1 psi/ft and 0.433 psi/ft respectively and
the used pore pressure transformation exponent variable (o) as 0.3 (obtained from curve fitting between RFT
and sonic log data of well FA-SS-37-08).

Therefore, Equation 1 had been transformed to:

0.3
At
Poe, =  (1xD,)-[(1xD,)—(0.433xD, )]X(At“ J @)
(0]
where D depth at interesting depth z (ft)
o 0.3
In this study, Equation 2 had been used to calculate the pore pressure throughout the study.

Accuracy Testing

In this part, calculated pore pressures derived from this study were tested for checking its accuracy by
compared with the reference pressures which were recorded from RFT data of well FA-SS-37-08 and by
calculation from pressure gradient of well FA-SS-37-07.

The reference pressure was re-scaling by extrapolated it in to calculate pressure scale then the
erroneous percentage had been calculated by Equation 3:

(PC |; i jxlOO ?)

r

where P, is calculated pore pressure (psi) and P, is reference pressure (psi).

I11.  Results and Discussions
In order to study the relationship among pore pressure, depth, and seismic wave travel time, these data were
each other cross-plotted and some results could be summarized as follows:

Normal Compaction Trend Lines
Corresponding linear equations obtained from Normal compaction trend lines which had been used for
normal sonic slowness (At,, psec/ft) calculation are shown in Table 1.

Pore Pressure Calculation

Resulted pore pressures calculated from Line S-2 SPN 1560, Line S-3 SPN 1476, Line F-89-031 SPN
1257, Line F-1 SPN 1231, Line F-2 SPN 1227, Line F-3 SPN 1266, Line F-89-038 SPN 1127, and Line F-89-
040 SPN 1131 compared with pressure data from Repeat Formation Test (RFT) of well FA-SS-37-08 and from
the pressure gradient of well FA-SS-37-07 (depth in between 2,238 and 4,625 ft) are shown in Figure 1 to
Figure 8, and pore pressure gradient obtained from these seismic lines are also shown in Table 2, respectively.
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Figure 1. Pore pressure calculated from seismic line S-2 shot point number 1560 data
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Figure 2. Pore pressure calculated from seismic line S-3 shot point number 1476 data
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Figure 3. Pore pressure calculated from seismic line F-89-031 shot point number 1257 data
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Figure 4. Pore pressure calculated from seismic line F-1 shot point number 1231 data
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Figure 5. Pore pressure calculated from seismic line F-2 shot point number 1227 data
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Figure 6. Pore pressure calculated from seismic line F-3 shot point number 1266 data
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Figure 7. Pore pressure calculated from seismic line F-89-038 shot point number 1127 data
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Figure 8. Pore pressure calculated from seismic line F-89-040 shot point number 1131 data

Table 1. Corresponding linear equation obtained from each shot point which is used for normal sonic
slowness (At,, psec/ft) calculation

Seismic Line Shot point number Equation

S-2 1560 y = -15831In(x) + 78569
S-3 1476 y = -9385In(x) + 47490
F-89-031 1257 y = -9497In(x) + 48286
F-1 1231 y = -9091In(x) + 46502
F-2 1227 y = -12927In(x) + 65184
F-3 1266 y = -10880In(x) + 55103
F-89-038 1127 y = -7176In(x) + 36769
F-89-040 1131 y = -8361In(x) + 42873
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Table 2. Pressure gradient obtained from each shot point calculated from its corresponding normal sonic
slowness (At,, psec/ft)

Seismic Line Shot point number Pressure Gradient (psi/ft)
S-2 1560 0.442
S-3 1476 0.452
F-89-031 1257 0.439
F-1 1231 0.438
F-2 1227 0.443
F-3 1266 0.441
F-89-038 1127 0.439
F-89-040 1131 0.436

Accuracy Testing
The erroneous percentages of calculated pore pressures from each seismic line compared with
reference pressure are shown in Table 3.

Table 3. Average erroneous percentage of calculated pore pressure compared with its reference pressure

o . Average erroneous percentage (%)
Seismic Lines Shot point number
FA-SS-37-08 FA-SS-37-07

S-2 1560 1.42 4.08
S-3 1476 3.23 4.06
F-89-031 1257 3.19 4.08
F-1 1231 3.39 4.08
F-2 1227 2.88 4.07
F-3 1266 2.95 4.08
F-89-038 1127 3.08 4.09
F-89-040 1131 3.15 4.08

IV.  Conclusions and Recommendations
Results from the estimation of pore pressure by using seismic data in San Sai oilfield, Fang basin from

this study can be summarized as follows;
1) Formation pore pressure gradient of study area was in range between 0.436 and 0.452 psi/ft. This is nearly
close to the theoretical normal pressure of 0.433 psi/ft.
2) The erroneous percentage of pore pressure calculated from this method in study area compared with pressure
obtained from well FA-SS-37-08 was in range between 1.42% and 3.39% and compared with well FA-SS 37-07
was in range between 4.06% and 4.09%. In general, these values were acceptable. This may prove and assure
that the estimation of pore pressure by using seismic data could be used confidently in San Sai oilfield.
Dependability of this study is in range within depth between 1000 and 5000 ft. due to lacking of recorded pore
pressure for the accuracy checking.

Moreover, this relationship can also be applied to other oilfields which are located within Fang basin due to
the similarity of their data source and geological characters.
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