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1-Introduction

An accurate understanding of a hydrocarbon reservoir requires a comprehensive study of reservoir rocks'
sedimentary and diagenetic properties. Combining the results of these studies with petrophysical data has a vital
role in identifying productive zones and the main factors controlling reservoir quality. The basic theory of flow
units was first proposed by Hearn (Hearn et al., 1984). However, the current definition of flow units used by
researchers was first proposed by Amaefule (Amaefule et al., 1993). Accordingly, a hydraulic flow unit is
defined as a part of a reservoir rock in which the geological and petrophysical properties affecting the fluid flow
in a fixed porous medium are distinguishable from other reservoir areas. Hydraulic units are related to
geological facies' distribution but do not necessarily follow facies boundaries (Abbaszadeh et al., 1996).
Diagenetic changes such as cementation, compaction, and dissolution can significantly alter the properties of the
facies. Thus the hydraulic unit may not be vertically continuous (Amaefule et al., 1993; Abbaszadeh et al.,
1996; Porras and Campos, 2001; Gomes et al., 2008). In this study, Sarvak carbonate formation's reservoir
guality is described with wells log and petrographic data of a well in one of the fields of Abadan plain and using
the flow zone indicator method and electrofacies in this well. In this study, we showed that the separation of
rock species in the Sarvak carbonate reservoir using core data and determination of hydraulic flow units using
the flow zone indicator method is a valuable and practical method that, when combined with electrofacies
identified from well logs can provide an accurate picture of reservoir heterogeneity concerning dominant
sedimentary processes.

2- Methodology

This study used 333 porosity and permeability data obtained from conventional core analysis to study the well.
This analysis was performed on plugs prepared at distances of 30 cm from 116 m of the drilling core. Ninety-
four thin microscopic sections prepared from drilling cores in the studied well were used to identify sedimentary
and diagenetic properties affecting the reservoir facies. Since the purpose of identifying hydraulic flow units is
to identify reservoir units from non-reservoir units to zoning the reservoir, hydraulic flow units were identified
using the porosity and permeability data of the studied field core and flow zone indicator method. Then, neutron
log (NPHI), sonic log (DT), and density log (RHOB) data were selected as input data to Geolog software to
identify the electrofacies of the study field and to identify the reservoir zones. Because these logs are related to
the porosity of the reservoir, among them, the sonic log measures the effective (primary) porosity, and the
neutron log also records the porosity of the whole rock. In addition to lithological identification, density logs
can also indicate the presence of low-density and porous zones. Multi-Resolution Graph-Based Clustering
method was used to determine the types of electrofacies. Then, to determine the reservoir zones of the Sarvak
Formation in the studied field, the types of flow units of the field were interpreted and evaluated within the
framework of electrofacies.
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3- Results and discussion

By plotting the cumulative density diagram and the flow zone indicator's logarithm, the optimal number of
hydraulic flow units is determined by specifying the fracture points on this diagram. As shown in Fig. 1, four
flow units A, B, C, and D were identified. The values of the cutting surface for separating these flow units are as
follows:

HFU A: -0.56<Log FZI<-0.34

HFU B: -0.34<Log FZ1<0.38 ISSN: 2717-0764
HFU C: 0.38<Log FZ1<0.59

HFU D: 0.59<Log FZI<1.07

For each flow unit, flow zone indicator intervals were identified, and in terms of reservoir quality, each flow
unit was classified into one of four categories: very high, high, fair, and low. Table 1 shows the average
porosity, average permeability, logarithmic cutoff of the flow zone indicator, and reservoir quality for each
hydraulic flow unit in the Sarvak reservoir.

The porosity and permeability relationships diagram show that each hydraulic flow unit has a definite range on
it (Fig. 2) related to the pore throat system within the flow unit, which is influenced by the texture and
diagenetic processes that govern it. The porosity and permeability data of each hydraulic flow unit show that
each hydraulic flow unit's pore characteristics are similar and follow a specific trend different from the trend of
other hydraulic flow units on the porosity and permeability diagram. Porosity and permeability in the designated
flow units show a good correlation. Therefore, in this way, pore systems with different petrophysical
characteristics can be separated in the studied well in Sarvak Formation.
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Fig. 1. Determination of flow units using cumulative density and flow zone indicator logarithm.

Table 1. Mean values of porosity and permeability parameters and cut-off values based on FZI logarithm for
different flow units in Sarvak reservoir.

Average Average
HFU | Porosity | Permeability Log FZI cutoff Reservoir quality
(%) (md)
A 10 0.4 -0.56<Log FZ1<-0.34 Low
B 9 1.8 -0.34<Log FZI1<0.38 Fair
C 5 3.3 0.38<Log FZ1<0.59 High
D 3 6.45 0.59<Log FZI<1.07 Very High
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Fig. 2. Hydraulic flow units on porosity and permeability diagrams. As it is known, each flow unit has a specific
range on the graph.

DT and RHOB well logs were used in Geolog software to determine the electrofacies, NPHI, which resulted in
5 electrofacies EF1, EF2, EF3, EF4, and EF5. Table 2 shows the average values of this data in each
electrofacies identified. Figure 3 shows the frequency distribution diagram of different types of electrofacies in
each flow unit. Examination of the reservoir rock's porosity and permeability parameters shows that in all
identified electrofacies, there is an increasing trend in the amount of permeability from low-quality flow units to
high-quality reservoir units. However, the amount of porosity shows a uniform distribution in each electrofacies.

Table 2. Characteristics of well logs in each of the separated electrofacies inside the reservoir.

Electrofacies Average RHOB Average NPHI Average DT Number of data
Log(G/C3) log(v/v) (uS/ft)
EF1 2.59 0.04 58 67
EF2 2.55 0.06 61 98
2.47 0.08 64 55
2.40 0.11 66 84
2.36 0.12 71 29
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Fig. 3. Frequency distribution of electrofacies types in each flow unit.
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4-Conclusion

In this study, the flow zone indicator method was used as a powerful method in recognizing the distribution of
reservoir zones from non-reservoir units. Using this method and the values of porosity and permeability of the
core, Sarvak Formation was divided into four hydraulic flow units. Each unit with a specific permeability and
porosity ratio has a different reservoir quality compared to other reservoir units. This study shows that porosity
and permeability in Sarvak Formation have high heterogeneity due to different diagenetic processes. However,
classifying these data based on the concept of hydraulic flow units allows a high correlation in the identified
flow units. In determining the flow units using the flow zone indicator, it can be said that the flow units D and in
the following order C have a higher reservoir quality than the flow units B and A because of the diagenetic
processes and the porosity created by these processes affect the designated flow units. The flow units C and D
correspond to the processes of dissolution of skeletal packstone, dolomitization, and porosity of the channel,
which increases the reservoir quality of these flow units, and flow unit A corresponds to the cementation and
filling of pores in the porous space, which reduces the reservoir quality. Identification of electrofacies of Sarvak
Formation in the study field using well logs, five different electrofacies in this formation showed that in terms of
petrophysical properties with flow units identified using flow zone indicators are well compatible. Therefore, by
using hydraulic flow units and electrofacies and comparing their results with the results of microscopic studies,
it is possible to determine rock groups with standard features in wells with cores and generalize the results of
non-core wells in the study area
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Fig. 3. (a) (XPL) with bivalve debris and (b) (PPL) with Miliolid forms are texture belong to lagoonal
sedimentary environment with skeletal wackestone (core facies 1), (c) (PPL) is a view ooid pelloid
skeletal packstone of lagoonal facies (core facies 2) with Sponge spicule, Echinoids, Bivalve debris,
Gastrpods, Rudist debris, Ovalveolina sp., Oystera debris, Dasycladacea algae, Alveolina sp., (d) (PPL)
show core facies 2 with coarse sparry, syntaxial and dolomite, (e) (PPL) show pelloid skeletal grainstone
texture (core facies 3), and (f) (XPL) pelloid skeletal grainstone texture (core facies 3).
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Tablel. Mean values of porosity and permeability parameters and cut-off values based on FZI logarithm
for different flow units in Sarvak reservoir.

Average Average
HFU | Porosity Permeability Log FZI cutoff Reservoir quality
(%) (md)
A 10 0.4 -0.56<Log FZI<-0.34 Low
B 9 1.8 -0.34<Log FZI<0.38 Fair
C 5 3.3 0.38<Log FZ1<0.59 High
D 3 6.45 0.59<Log FZI<1.07 Very High
g
30
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Fig. 5. Relationship between porosity and reservoir quality index (RQI) for flow units A, B, Cand D in

Sarvak Formation.
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Fig. 6. Permeability relationship with reservoir quality index (RQI) for flow units A, B, Cand D in

Sarvak Formation.
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Fig. 7. Hydraulic flow units on porosity and permeability diagrams. As it is known, each flow unit has a

specific range on the graph.
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Fig. 8. Examples of images of microscopic sections of sedimentary facies of Sarvak Formation with a
scale of 500 micrometers, each corresponding to a flow unit identified in the reservoir are shown; (a) It is
related to flow unit A, which has calcite cement with medium to large grains, which has caused relative
filling of pores and reduced reservoir quality in this flow unit (2896.10m), (b) Corresponds to the flow unit
B where intergranular, intercrystalline and vuggy porosity are observed (2837.49m), (c) It belongs to the
flow unit B, in which all kinds of porosities are seen, in which the porosity of the vuggy is the result of
the dissolution of skeletal packstone (2888.38m), (d) Indicates the flow unit C where the porosity between
the grain and the residual organic matter is observed (2809.28m), (e) Corresponds to flow unit D, has a
porous type of channel and vuggy, which has increased the quality of the reservoir in this flow unit

(2853.39m), and (f) Indicates flow unit D, which shows intergranular porosity and associated dolomitic
crystals that increase the quality of the reservoir in this flow unit (2943.36m).
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Table 2. Characteristics of well logs in each of the separated electrofacies inside the reservoir.

Electrofacies Average RHOB Average NPHI Average DT Number of data
Log(G/C3) log(v/v) (uS/ft)
EF1 2.59 0.04 58 67
EF2 2.55 0.06 61 98
247 0.08 64 55
EF4 2.40 0.11 66 84
2.36 0.12 71 29
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Fig. 11. Distribution of electrofacies concerning flow units of Sarvak Formation. The first column is the
depth of the studied sequence, the second column is the lithology of Sarvak Formation in the studied well,
the third column is the input logs (NPHI, DT, RHOB) to Geolag software to determine electrofacies, The
fourth column is the flow units identified by the porosity and permeability of the core, the fifth column is
the electrofacies identified by the input logs, the sixth column is the porosity of the core and the seventh
column is the permeability of the core. As can be seen, the results of thin section studies that show the
presence of cementation and dolomitization at two different depths are consistent with the results of
identifying the flow unit A with the lowest and the flow unit D with the highest reservoir quality.
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