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in studying the characteristics, formations mechanisms, and distribution of these
non-structural traps in general detail.
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Permeability forecast for carbonate oil gas reservoir based
on hydraulic flow unit division

Nguyen Tien Hung, Duong Vu
Hanoi University of Mining and Geology, Hanoi, Vietnam

Carbonate reservoir are important in oil and gas exploration and
exploitation. According to statistics, it is estimated that about 60% of the world's
oil and gas reserves are in carbonate reservoir rocks and a lot of researchs
suggested that 70% of conventional oil and gas reserves in the Middle East are
in carbonate reservoir rocks. Because of the importance of discoveries in
carbonate reservoir and the complexity of this type of reservoir, studies related
to carbonate reservoir abroad, especially related to the description of carbonate
reservoir properties, have long been highly valued. Studies by Archie (1952),
Dunham (1962), Lucia (1987), G.V. Chilingarian (1992, 1996), Pittman (1971,
1992), Amaefule (1993) ... all emphasized the heterogeneity of carbonate
reservoir and the need to classify rock types in carbonate reservoir.
The distinction of carbonate-bearing rocks is closely related to the distinction
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of pore space and the impact on fluid flow. Therefore, the classification of rocks
types in carbonate reservoir according to hydraulic flow units has been proposed
by many researchers and has been widely used recently, including studies by
Maghsood Abbaszadeh et al., (1996), Shahab Mohaghegh (1997), Nooruddin et
al (2011) [1-3].

The basis of the above method is to introduce some concepts such as Flow
zone indicator (FZI), which can be calculated by:

1

JEsTSgv

FZI represents the properties of the pore space (surface area and
curvature) and is characteristic for each unit of hydraulic flow.

FZI =

(1)

Rock Quality Index:
RQI = 0.0314\/®Z (2)
d PHIZ = -2 3)
an T 1-0,

The objective of this study is to use core sample data to classify and
predict flow unit groups and permeability for carbonate-bearing reservoir at the
X-surface mine in Cuu Long, Vietnam. The results will help improve the
efficiency of geological modeling, as well as mining modeling, forecasting
mining output and assessing mine reserves more accurately.

From RCA data of 14 wells in X field, Cuu Long basin, Vietnam, the FZI
cumulative graph was built (Figure 1), and based on the analysis of the slope
angle change of the graph, we can divide the sample set into different HU
groups (Figure 2).

HU classification based on Probability plot of FZI

Probability
S & &

0.04

log10 FZI

Figure 1. FZI cumulative graph
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Figure 2. HU classification result from sample data

Grouping FZI values into different groups is the division of Hydraulic
Flow Units (HU). After grouping HU, determining the mean FZI value
(FZI _mean) of each group (Table 1), the permeability can be calculated by the
following equation:

3
k = 1040 * FZI_mean? » —2=
(1-0¢)?
Table 1
HU classification and Permeability Prediction Result
HU Cores FZ1 Permeability Prediction Result
Number | Min | Max | Mean | R* | RMSE Equation
K = 1014.24 * (0.06027) *
1 76 0.009 | 0.060| 0.098 | 0.390 | 0.458 (PHIE') / (1-PHIE)
K =1014.24 * (0.2013%) *
2 235 0.100 | 0.201| 0.316 | 0.722 | 0.277 (PHIE') / (1-PHIE)
K =1014.24 * (0.65637) *
3 444 | 0.317 [0.656| 1.258 | 0.763 | 0.353 (PHIE') / (1-PHIE)
K =1014.24 * (4.62907) *
4 598 1.260 |4.629 | 14.243 | 0.699 | 0.557 (PHIE') / (1-PHIE)

Figure 3 shows the correlation and accuracy of the permeability predic-
tion results from the equations of the 5 HU groups when compared with the core
sample data. Some obvious points can be noticed as follows:

- Carbonate rocks of X field are highly heterogeneous, permeability var-
ies greatly from very poor to very good (in the range of less than 1 mD to more
than 2,000 mD), the porosity-permeability relationship is not linear, depending
on each hydraulic flow unit.
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- The application of 5 hydraulic flow units with different permeability
calculation equations has helped to increase the accuracy of the forecast results.

5
Zone B

o
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B ZoneD

A ZoneE

| = Regression Line: y = 1.05x + -0.13
R*=0.93
RMSE = 0.48

Permeability Predicted (mD) (log10)
CIu:Jter

> 2 3 o 1 3 3
Permeability (mD) (log10)

Figure 3. Comparing predicted permeability and sample data

Author's suggestion: To improve the accuracy and reliability of the
method, in addition to using RCA data, geological information should be added
or other high-resolution data like well logging curves. It is entirely possible to
consider using well logs to classify HU for interval depth where core samples
are not available.
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