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1. Hierarchical Cluster Analysis (HCA)
2. Multi Resolution Graph-based Clustering (MRGC)
3. Self-Organizing Map (SOM)
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1. Sum Gamma Ray

2. Delta T Sonic Transit Time

3. Bulk Density

4. Porosity

5. Neutron Pulse Hydrogen Index
6. Water Saturation

7. Flow Units
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1. Capillary Pressure
2. Logarithm Flow Zone Index
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1. Taxonomy

2. Segmentation

3. Clustering

4. Ascendant Hierarchical Clustering
5. Dynamic Clustering

6. K-Means
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8. Similarity Threshold Method
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Introduction

Among various structural zones in Zagros Orogenic
Belt, the prolific and economic hydrocarbon-bearing
zone i.e. Dezful Embayment has investigated in dif-
ferent aspects especially reservoirs evaluation along
with sedimentology. Khami Group in this embayment,
situated in Khuzestan Provenance, with a thickness
of about 1500m of the Lower Cretaceous Fahlyan,
Gadvan and Daryan Formations (FMs.) composed of
shale, marl and also limestone. These strata are limited
to the Kazhdumi Fm. at the upper boundary and Hith
Fm. at the lower boundaries in the Marun Oil field,
respectively. Although previous researchers applied
various petrophysical and geological data to evaluate
heterogenetic reservoirs in the Marun Oil Field, this
paper integrated studied data to reconstruct Khami
reservoir conditions in the virtual aspect. Depositional
environment interpretation and basin analysis in sub-
surface investigations along with developing indirect
methods led to introduce various facies. Although
electorfacies can be differentiated using a variety of
clustering methods i.e. HCA, K, MRGC, and SOM, in
this research the Kami Group strata in the Marun Oil
Field are evaluated and modeled with applying SOM
neural network.

Material and Methods

Reservoir electrofacies evaluation and determination
occurred using SGR, DT, RHOB, PHI, NPHI as well
as SW logs in Khami Group in Marun Oil Field. The

Accepted: October/21/2020

log data belong to five wells in the studied oil field
loaded and interpreted with Paradigm™ and Geo-
log®.18 software packages. In addition, classifica-
tion and interpretation of the studied facies among
five drilling oil wells were examined using Dunham
(1962) textural classification. Flow unit classification
using Geolog software based on Pittman et al. (1998)
classification. Finally, a petrophysical model was de-
signed by Petrel software, showing reservoir and non-
reservoir zones/horizons that are applicable in other
wells in Marun Oil Field.

Result and Discussion

Hydraulic flow units (HFU’s) as “can be creatable
and mappable zones in the reservoir that control fluid
flow” are calculated based on Pittman [1] method. It
regarded as the main flow zone indicators (FZI) and
characteristic parameter for determination of cach
HFUs. The HFUs in this research using measured
cores porosity and permeability in five studied wells
are calculated and used for the determination of ap-
propriate clustering method based on Logarithm Flow
Zone Index (Log FZI). Based on breakpoints in the
bivariant Frequency/Log (FZI) graph, four hydraulic
flow units were detected. The minimum and maximum
hydraulic flow, based on Log (FZI), were regarded as
low and high reservoir quality, respectively (Table 1).
Generally, based on available data, reservoir quality is
increased from flow unit 1 toward flow unit 4.



Table 1 Log FZI ranges determined HFUs in the studied

wells.
LOG FZI1
HFU4 HFU3 HFU2 HFU1
>1.8 1.4-1.8 0.4-1.4 <04

Self-organizing Maps (SOMs)

Self-organizing maps (SOMs) are popular tools for
visualizing and classifying data in many sciences. The
two-dimensional plane prepared from SOMs includes
similar objects close together, whereas, dissimilar
ones are far away. This method provides extensive

Petroleum Research, 2021(April-May), Vol. 31, No. 116

possibility of visualization along with fast training and
mapping based on Kohonen methods. The SOMs in the
oil industry are used in oil field exploration especially
where there are no oil wells in large numbers. In
SOM neural network, the SOM was selected after log
training.

Electrofacies
Thin sections microscopy was carried out from 5 stud-
ied wells and their microfacies are presented in Table
2.

Table 2 Six main electrofacies studied and their general properties in the Khami Group in Marun Oil Field.

Electrofacies (#) Microfacies HFU Reservoir quality degree
1 - - -
Bioclast wackestone, Bioclast wackestone/
2 and 3 packstone, Bioturbated bioclast peloid 1,2,6 2and 3
packstone
Dolostone, Bioclast peloid packstone-
4 grainstone, Bioturbated bioclast wacke- 6 4
stone, Bioclast wackestone
Sand 6 Bioclast wackestone, Bioclast intraclast 6.7 5
wackestone

Neural networks and basal fuzzy logic are the basic
methods in determination of electofacies. In this re-
search, six wells contain core data representing total
reservoir properties are used to experiment and devel-
op electrofacies model. Logs data included a full set
log in all 5 studied wells. The studied primary electro-
facies are distinguished based on the clustering meth-
od in 5 wells. Following log data values of hydraulic
flow unit along with capillary pressures measured,
processed and final output integrated model developed
in other Marun Oil Field wells.

Modeling

In this research, based on full set logs and their corre-
lation with porosity and permeability values from core
measurements, HFUs quantity in the Marun reservoir
was evaluated. Primary clusters based on well-logging
data in the five studied oil wells were investigated and
finally five clusters/electrofacies were detected. In the
studied data, electrofacies #5 involved high frequency
inferring low reservoir quality for the studied reser-
voir. As measuring capillary pressure is applicable for
fluid distribution and pores size, 14 capillary pressure
tests carried out in 3 wells. Based on results, there is
a good relationship among capillary pressure values
and determined electrofacies. Capillary pressure rep-
resents an increasing trend in the amount and size of
pore throats size from electrofacies #1 toward elec-
trofacies #4. The electrofacies #1 and #2 involved the
highest reservoir quality as well as maximum effective
porosity among all studied electrofacies. Electrofacies

#3 and #4 are in the third-ranked in the aspect of res-
ervoir quality and included medium effective porosity.
Some Khami Group horizons in the Marun Oil Field
involving electrofacis #5 have very low reservoir qual-

ity.

Conclusions
Reservoir clustering is regarded as one of the main
factors in developing hydrocarbon reservoirs Coring
in drilling wells along with their maintains resulted in
high economic investment for oil companies and lead
to a limitation in drilling wells. For this reason, the
clustering method i.e. SOM is an applicable method
without mentioned limitations in drilling oil wells.
This method in Khami Group, located in the Ma-
run Oil Field, is integrated with hydraulic flow units
(HFUs) for reservoir zonation. Based on analyzed
data, 5 clusters/electrofacies involving good relation-
ships with capillary pressure are determined in datum
well. Finally, integration among electrofacies, micro-
facies as well as determined models were extended
in all other studied wells. The integrated model could
separate high and low reservoir quality zones/horizons
and can be applied for developing a statistical model in
the Khami reservoir in the Marun Oil Field.
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