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1- Introduction

Rock types are reservoir samples with the same petrophysical characteristics that their properties are related
to fluid characteristics (Tavakoli, 2018). Investigation of rock types is beneficial for predicting reservoir
quality (Al-Jawad et al., 2020). Therefore, selecting the best method in investigating rock types, especially
in an un-cored borehole, has a crucial effect on the determination of rock types. In this study, inside
petrophysical studies from the result of core analysis, investigation rock types by using hydraulic flow units
(HFUs), multi-resolution graph-based clustering (MRGC), and fuzzy c-mean clustering (FCM) will be
used. Determining rock types using fuzzy c-mean clustering inside multi-resolution graph-based clustering
and other methods have been used for the first time in the Sravak reservoir in Dezful embayment.

2- Material and methods

For evaluation and separation reservoir and non-reservoir zones in the Sarvak Formation in an oilfield in
Dezful Embayment, well logs data such as GR, PEF, RHOB, DT, NPHI, ILD, and ILM were used. In
addition, the results of core analysis (including porosity, permeability and capillary pressure data) were
investigated. To determine flow units, the hydraulic flow unit method by using flow zone indicator (FZI),
reservoir quality index (RQI) and porosity and permeability data were used. For this aim, the relationship
provided by Amaefule et al., 1993 used. Then, multi-resolution graph-based clustering was performed for
indicates electrofacies by using Geolog 7 software. Moreover, the fuzzy c-mean clustering method was
used with the aid of porosity and permeability data to determine rock types.

3- Results and discussions

The hydraulic flow units demonstrate four flow units from well logs data and four flow units from horizontal
and vertical core plugs in the studied reservoir. Furthermore, investigation of electrofacies (EF) based on
clustering analysis shows six electrofacies in the Sarvak Formation. Study of porosity and permeability data
in investigation rock types using fuzzy c-mean clustering method illustrates seven rock types in the Sarvak
reservoir.

With the aid of each methods’ results (HFUs, MRGS, FCM) and based on the correlation between
obtained data, seven zones were determined for the Sarvak Formation in the studied well. According to the
results, zone 1, based on the presence of all rock types, has relatively good reservoir quality. Zone 2
considers as poor reservoir quality since there are rock types one, three, and four. Abundant rock types four,
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five, and six in zone 3 demonstrate high reservoir quality in this part of the reservoir. Also, zone 3 is
considered a high reservoir potential zone in the Sarvak Formation in the studied well. Reservoir quality in
zone 4 is good in the upper part of this zone rather than the lower part. Reservoir quality in zone 5 notice
to rock types number one and two is poor. Zone 6 is a non-reservoir zone between discussed zones because
it has a low amount of porosity and permeability. In the end, zone 7 after zone 3 has the best reservoir
guality in the studied reservoir due to high porosity, permeability, and abundant rock types six, five, and
four. Eventually, capillary pressure data obtained the accuracy of reservoir quality in the Sarvak Formation.
Capillary pressure curves demonstrate good reservoir quality for rock types four and three from the
hydraulic flow unit method, poor reservoir quality for EF2, and good quality for EF6 and 5 from MRGC
method. Moreover, curves show appropriate reservoir quality for rock type six from FCM method. The
results show a suitable correlation between capillary pressure data and three methods.

4- Conclusion

- This study explained four hydraulic flow units that introduce rock types for Sarvak Formation.
Results show rock types four and three have good reservoir quality due to the high amount of
porosity and permeability.

- Six clusters obtained from MRGC method in Sarvak Formation of studied well, which electrofacies
six, five, and four demonstrate high reservoir quality, and their presence in part of a zone suggest
reservoir zone.

- Using FCM method, porosity, and permeability data, seven rock types defined for studied well that
rock types seven, six, and five showed good reservoir quality.

- According to petrophysical properties and results HFUs, MRGC, and FCM methods, seven zones
are defined for studied well in Sarvak Formation. Zones 7 and 3 are considered as the best zones
with high reservoir quality in the studied well.

- Capillary pressure data confirm good reservoir quality in rock types four and five from HFU method,
six and five from MRGC method, and six from FCM method.
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Data type

Data No.

Data spacing

Well logs (GR, PEF, RHOB,
DT, NPHI, LLD & ILM)

2769 (in each log)

Unknown

RCAL Data

Porosity and permeability (H): 515
Porosity and permeability (V): 457 15.24
Capillary pressure: 29
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Fig. 3. Dispersion of input logs to the model in studied well in the Sarvak Formation.
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Fig. 4. Cross plot of RHOB-NPHI in the Sarvak Formation. The dominant lithology in the Sarvak Formation in studied
well is limestone.
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Table 2. Flow unit identification in the Sarvak Formation
HFUs

Log FZI > -3.2
HFUL: -3.2 <Log FZI <-1.05
HFU2: -1.05 < Log FZI < 0.09
HFU3: 0.09 <Log FZI < 0.4
HFU4: 0.4 < Log FZI <5.62

HFUs
(Horizontal plugs)

HFUs
(Vertical plugs)

Log FZI > -1.25
HFU1: -1.25 < Log FZI < -0.62
HFU2: -0.62 <Log FZI <-0.1
HFU3: -0.1 <Log FZI <0.74

Log FZI > -1.25
HFU2: -1.25 <Log FZI < -0.54
HFU2: -0.54 < Log FZI < -0.09
HFU3: -0.09 < Log FZI < 0.87

HFU4: 0.74 <Log FZ1 <24

HFU4: 0.87 <Log FZI < 1.52
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Fig.5. HFUs resulted from normal probability analysis in the Sarvak Formation. (a) Four HFUs obtained from well logs,
(b) Four HFUs obtained from Horizontal core plugs and (c) Four HFUs obtained from Vertical core plugs.

ary



e

.o e s L a . PN
fo)l.o.ms\v OJSOs\f‘\QLH.M) MW‘SQ)A)[SGMJLA.MJUM) . &
: IS s o
]
900
a
soo
00 HFU 2
600
g 500
=
E 400
=
st HFU3
200
HFU 1
100 + HFU 4
04 1 i) 1
PABES SES S P ST AR N \V\" N N L - R S R R S
\-\«*Q
2 Log FZI
0
18 b
16 WFU 2
N
AFU 3
e 13
g
ERE)
4
&
Wi s
6
4 HFU 4
N IIIII| | I III IIlIlIll“lI ” IIIllII Il”l " |ll|ll 1]
- ~ & = - ) & = & A & “ & ~ &
3 ’ & A & o K K- < & SR,
sl
7 Log FZI
24
2 ] c
0
18 HFU 2
16
gy 1 HFU 1
sgr n
£ o
» |
6 HFU 3
1
TFU 4
2
e T [T AL TR
U -SSP S S & & & o b B b M o N e k&
A LA G S G P IR R I R TR & Al A
o
o
¥ Log FZ1

ez 0) coloasolz sl )5 51 sanl Cawsas b,z 9y Jlz @) Sy 253k 0 ol Fgunn 3T g, 5l Jol> by slaasly -5 s

o3 w8 SlacSll 51 Jol> Gl 2 9oly oz (© 5 o5 il oSl 51 Jol> L7 ooy
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Fig. 7. Porosity and permeability cross plots for rock types derived by the hydraulic flow unit method in the Sarvak

Formation. (a) Porosity and permeability range for four rock types derived from well logs, (b) Porosity and permeability
range for four rock types derived from horizontal core plugs and (c) Porosity and permeability range for four rock types

derived from vertical core plugs.
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Fig. 10. Lithological model with petrophysical parameters. First column includes GR, BS, CALI, second column shows
depth, third column includes PEF, DRHO, DT, RHOB and NPHI logs. Fourth and fifth columns respectively are
resistivity and lithology in Sarvak Formation. Sixth column includes fluids and seventh column includes total porosity,
effective porosity and core porosity. Eights column includes permeability predicted and core permeability. Ninth column

is water saturation and columns ten to fourteen respectively are rock types derived from HFUs method and rock types
derived from HFUs for horizontal and vertical core plugs, MRGC and FCM methods in Sarvak Formation
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