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Introduction
In this study, new static and dynamic aspects of electrofacies analysis have been performed in order to
check relationship between static and dynamic electrofacies with HFU and petrophysical parameters
with different electrofacies in Ilam reservoir in one Iranian oil field. This formation is carbonate
reservoir and composed of four reservoir zones according to integrated sequence stratigraphic,
geological and petrophysical studies.

In this study, after trying different approaches,Multi regression graph-based clustering (MRGC),
Sself-organizing map (SOM) and Ascendant hierarchical clustering (AHC) have been used for
special electrofacies analysis. Electrofacies as introduced by Serra and Abbot is defined as the result
of a set of well log responses, which characterizes a bed that can be distinguished from the adjacent
ones [1]. Since permeability is a key log to convert electrofacies from static state to dynamic, then it
has been used as imput data for dynamic electrofacie analysis. After considering the statistical
distribution range of porosity, lithology and other petrophysical parameters; finally, 6 electrofacies
have been selected as a base clustering number for all cases in order to be campared. MRGC is a
multi-dimensional dot-pattern recognition method based on non-parametric K-nearest-neighbor and
graph data representation [2]. It gives clusters on the ground of distribution of natural points (local
Density) at different scales [3] [4]. The SOM, which known as Kohonen network, is a computational
method for the visualization and analysis of high-dimensional data, especially experimentally acquired
information [5]. AHC is a statistical method for finding relatively homogeneous clusters of cases
based on measured characteristics [6]. It starts with each case in a separate cluster and then combines
the clusters sequentially, reducing the number of clusters at each step until only one cluster is left.

Methods
In this study, SOM, MRGC and AHC algorithms have been used for electrofacies analysis. In
addition, FZI concept has been used for HFU defemination and in turn for permeability prediction.
Some petrophysical logs such as porosity, predicted permeability, mineral volumes, CGR, DT, NPHI
and RHOB have been used as imput data for electrofacies analysis.

Geological setting
Type section of Ilam Formation was studied in northwest of Kabirkoh by James & Wynd [7]. The
Ilam formation is composed of limestone with some intercalated shaly layers and forms the main
reservoir in the studied field. The thickness of the Ilam formation in this field is about 120m. This
formation overlays the Surgah/Laffan formation. Its upper contact with the Gurpi formation is
conformable. The age of the Ilam formation is Santonian to Campanian [8].

Discussion
Hydraulic flow unit (HFU) determination and Permeability prediction:
The hydraulic flow unit is the representative elementary volume of the total reservoir rock within the
geological and petrophysical properties of the rock volume [9]. More researches about application of
HFU in reservoir characterization have been published [10, 11, 12]. Kozeny suggested the first
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empirical equation relating measurable rock properties with permeability by using bundle of straight
capillary tubes model with constant and uniform surface area [13]. Amaefule et al. introduced a new
practical and theoretically based technique which has been developed to identify and characterize
units with similar pore throat geometrical attributes (hydraulic units) [14]. According to HFU analysis
two rock type have been determined. After that, HFU results have been used for permeability
prediction according to following equations derived for each rock type:

Rock type-1: LOG (perm)= 11.439 (phie)- 2.6453 [1]

Rock type-2: LOG (perm)= 10.138 (phie)- 1.89 [2]

Electrofacies analysis
Since according to Hear et al. flow unit is defined as a reservoir zone that is laterally and vertically has
similar permeability, porosity, and bedding characteristic [15], therefore, we tried to find this clusters
via electrofacies analysis in two following methods.

Case 1- Static electrofacies analysis (Unsupervised algorithm)
Some petrophysical logs such as porosity, predicted permeability, mineral volumes, CGR, DT, NPHI
and RHOB have been used to define electrofacies according to relationship results between
imported logs obtained from checking relative cross plot. Unsupervised algorithm has been
applied after training and normalizing the input data.

After preparing the normalized input data, MRGC, AHC and SOM algorithms have been used among
other different approaches for electrofacies analysis of first reservoir. All applied methods allow the
user to obtain clusters and ideal electrofacies numbers for defining lithological electrofacies from
conventional logs, geological microfacies, image logs and so on. After considering the statistical
distribution range for porosity, lithology and other petrophysical parameters, 6 electrofacies for all 3
algorithms have been selected as base clustering cases.

Case2 Dynamic electrofacies analysis (supervised algorithm)
In this case the same logs as selected in static case have been applied for electrofacies analysis along
with using permeability as an imput data. Unsupervised algorithm has been applied after training and
normalizing the input data. After preparing the normalized input data, MRGC, AHC and SOM
algorithms have been used for electrofacies analysis. Finally, 6 electrofacies for 3 methods have been
selected as base clustering cases (Figure-1).
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Figure 1: List of input petrophysical logs for both static and dynamic cases, Histograms of input data
and 6 suggested electrofacies models (MRGC, AHC and SOM for static and dynamic cases)

Results
According to electrofacies analysis results and compering with HFU, porosity and dpermeability
ranges, it can been concluded the following conclusions as shown in Figure-2.
The shalness of Zone-1 is high. Both static and dynamic electrofacies clusters could separate each
classes based on porosity and shalness variation, although this zone is composed only from 1 HFU
based rock type.
Zone 2 is one of the best pay zone. It is without shale and has high porosity. All static and dynamic
methods can deticte it as a good reservoir zone approving the HFU result. There is low difference
between dynamic and static methods.
Zone 3 is the poor pay zone and high shaly zone. All algorithm can detect this zone. However, MRGC
gives acceptable result. This zone has a shlay interval which is identified through applying all
electrofacies methods.
Zone 4 is the main pay zone including 3 suboznses. The third subzone is low quality and located in
water zone. All static and dynamic methods can detect it as a good reservoir zone approving the HFU
result. However, the static results are so close the HFU result and can detect pay zone (high porosity
and permeability from lower low-quality parts.
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Figure 2 Six suggested electrofacies models (MRGC, AHC and SOM for static and dynamic cases)
versus, porosity, permeability, lithology and HFU

Conclusions
In this study, 6 static and dynamic electrofacies models have been generated using MRGC, SOM and
AHC methods in order to check relationship between static and dynamic electrofacies with HFU in
studied field. Some petrophysical logs such as porosity, predicted permeability, mineral volumes,
CGR, DT, NPHI and RHOB have been used as imput data for electrofacies analysis. Based on this
study, both static and dynamic electrofacies (without and with applying permeability log as an input
data) can detect pay zones from, others considering the HFU. However, electrofacies can identify
shaly zones (poor reservoir or seal) from other payzones.

Acknowledgements
The authors are thankful of Dana Energy for easy accessibility of logs and core data and permission to
publish the results of this study.

References:
[1]. Serra, O. & Abbot, H. 1982. The contribution of logging data to sedimentology and stratigraphy.
SPE. 55th Annual Fall Technical Conference and Exhibition, Dallas, Texas, p. 117-131.
[2]. Ye S. J. and Rabiller P., “A New Tool for Electro- Facies Analysis: Multi-resolution Graph-based
Clustering,” in SPWLA 41st annual logging symposium, Society of Petrophysicists and Well- Log
Analysts, 2000.
[3]. Asgari. A.A "A fully integrated approach for the development of rock type characterization, in a
middle east giant carbonate reservoir", Journal of Geophysics and Engineering, 09/01/2006.
[4]. A (2000) New Tool for Electro facies Analysis: MRGC Multiresolution graph based clustering,
41st Annual SPWLA Symposium.



82nd EAGE Conference & Exhibition 2020
8-11 June 2020, Amsterdam, The Netherlands

[14]. Lukasova A., “Hierarchical agglomerative cluster-ing procedure”, Pattern Recognition, vol. 1, pp.
365381, 1979
[6]. Kohonen T., Self-organizing maps, Third, extended edition, Springer, 501 p, 2001.
[7] James, G. A., & Wynd, J. G. 1965, "Stratigraphic nomenclature of Iranian oil consortium,
agreement area", American Association of Petroleum Geologists Bulletin, Vol. 49 (12): 2182- 2245.
[8] Motiei, H. 1993, Geology of Iran: Stratigraphy of Zagros, Geological Survey of Iran, No. 1, p. 536
[in Farsi].
[9] Bear, J. , 1972 "Dynamics of Fluids in Porous Media". Elsevier, New York. Carman, P. C. , 1939"
Permeability of Saturated Sands, Soils and Clays," J. Agr. Sci, Vol. 29.
[10] Elarouci, F., Mokrani, N., Mouici, S. M. E., and Hill, P., How to Integrate Wireline Formation
Tester, Logs, Core and Well Test Data to get Hydraulic Flow Unit Permeability, SPE 134001, SPE
Production and Operations Conference and Exhibition, Tunis, Tunisia,8-10 June 2010.
[11] Izadi, M. and Ghalambor, A, A New Approach in Permeability and Hydraulic Flow Unit
Determination, SPE 151576, SPE International Symposium and Exhibition on Formation Damage
Control, Lafayette, Louisiana, USA, 15-17 February 2012.
[12] Nooruddin, H. and Hossain, M. E., Modified Kozeny-Carmen Correlation for Enhanced
Hydraulic Flow Unit Characterization, Journal of Petroleum Science and Engineering, V. 80, p. 107-
115, 2012.
[13] Kozeny, J., 1927, "Ueber kapillare Leitung des Wassers im Boden." Sitzungsber Akad. Wiss.,
Wien, 136(2a): 271-306.
[14] Amaefule, J., M. Altunbay, D. Tiab, D. Kersey, and D. Keelan, 1993, Enhanced Reservoir
Description Using Core and Log Data to Identify Hydraulic Flow Units and Predict Permeability in
Uncored Intervals/Wells: SPE, 26436, p. 205–220.
[15] Hear, C. L., Ebanks, W. J., Tye, R. S. and Ranganatha, V. ,1984 "Geological Factors
Influencing Reservoir Performance of the Hartzog Draw Field", Wyoming .J. of Petrol. Tech, pp.
1335-1344.


