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1-Introduction

Carbonate reservoirs are the most important hydrocarbon-bearing reservoirs in the Middle East, particularly
in Iran. These reservoirs contain more than 60% of the world’s oil and 40% of its gas reserves (Lee et al.,
2015). In these reservoirs, a combination of rock texture, fractures, and diagenetic (Ahr, 2011). Various
factors influence production from a carbonate reservoir, including the type and density of fractures, as well
as sedimentary features and processes that can either enhance or reduce production. Fractures play a critical
role in fluid flow and production in fractured reservoirs. Therefore, identifying fractures and their
characteristics is a key aspect of reservoir study and evaluation. In the present study, conventional log data
and FMI image logs were used to detect and identify geological features (including fractures, stylolites,
etc.) that affect production from the Fahliyan reservoir in one of the oil fields in southwestern Iran. The
results of this study provide valuable insights for reservoir management and development and can be
effectively applied in fracture and facies modeling of the Fahliyan reservoir in the studied field

2-Material and methods

In the present study, conventional petrophysical logs (including neutron, gamma-ray, density, and
photoelectric logs) and the FMI image log, provided by Schlumberger from a well drilled in the studied oil
field, were utilized. Petrophysical software packages, such as Techlog and Paradigm Geolog were
employed for processing and analyzing geological features and different types of fractures in the FMI image
log. The raw FMI (Formation Micro Imager) data were processed, and after applying speed corrections,
centering (normalization), and final normalization adjustments, static and dynamic images were generated
for reservoir analysis. One of the most advanced electrical imaging tools is the FMI (Formation Micro
Imager). In the electrical imaging method, the variations in electrical resistivity of the borehole wall features
are recorded by the imaging tool and converted into a conductivity image of the borehole wall.

3-Results and discussions

In the present study, following the processing of the FMI image log and the generation of static and dynamic
images, geological features including bedding and fractures were identified (Figure 1). The characteristics
of each feature are as follows:

In Figure 1, the first track represents depth, and the second track shows the stratigraphic age and
subdivision of the Fahliyan Formation. The third track displays gamma-ray log values as well as caliper
log readings relative to the drill bit size. The gamma-ray log is used to identify lithology and to distinguish
shale intervals. An increase in the caliper log relative to the drill bit indicates washouts and potential
breakouts, while a decrease indicates borehole constriction.
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The fourth track shows porosity and lithology logs. Neutron, density, and sonic logs were used to
determine the type of porosity, which in the studied sequence indicates approximately 10% porosity. The
combination of neutron, density, and photoelectric logs confirms the limestone lithology of the studied
interval.

The fifth track contains the electrical resistivity log. Since denser rocks, such as limestone, have higher
resistivity and lower electrical conductivity, whereas less dense rocks, such as shales, have lower resistivity
and higher conductivity, resistivity logs can be used to distinguish bedding.

The sixth track displays the static FMI image, which is used to identify general features such as bedding.
The seventh track shows a processed dynamic image used for the precise identification of geological
features. The eighth track indicates the dip of the identified bedding planes (Figure 2).

Figure 4 illustrates the frequency of the identified features. Bedding has the highest frequency, while
deformed layers have the lowest. Additionally, the frequency of geological features is significantly higher
in the upper section of the Fahliyan Formation compared to its lower section.
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Figure 2 — Frequency distribution of the identified geological features.

4-Conclusion

In the present study, geological and sedimentary features affecting production from the field were identified
and classified using FMI and conventional logs obtained from a drilled well. In these logs, 241 bedding
layers were distinguished, which were predominantly of the uncertain bedding type with a northeast dip
direction. No changes in dip or trend indicative of potential faults were observed in the bedding.
Additionally, 83 dense non-conductive streaks and 51 thin dissolution or conductive seams with similar dip
values and trends to the bedding in the northeast direction were identified.

Using the FMI log in this well, 174 fractures, including open and filled types, were identified, with the
majority of fractures concentrated in the upper part of the Fahliyan Formation. Among them, only one
closed fracture was observed, which did not affect production, and most of the production from the reservoir
occurs in the upper section. The orientation of fractures relative to the bedding indicates two sets:
longitudinal (with a dip direction of S45W and a strike of S45E/N45W) and oblique (with a dip direction
of SI5W and a strike of S7TSE/N75W).
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Rajabi et al. 2010), (b) Stratigraphy of the Fahliyan Formation in southwestern Iran, adapted from Motiei (1993).
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]

& .h s, . &
\ O)LQ-A-AJ NP 0,99 AfFD )Léd A ks (_gbﬁ)ls QSML"“"’E)*‘U ;lf,’df/:ﬂ:ﬂpb

(a) 30 an 50 50 0 80 50

a.73 "g'

:‘,’ 0.50 E

: E

o g
30 am 5 Ed el aa ¥

[deg)

© (b)

Simpls Tilter; Simpla e
I Becoeg I meaaeg

g9y olatel (€) 5w 4y bgsye pl, 5105, (B) ol F o (@) -7 S
Figure 6. (a) Histogram, (b) Rose Diagram related to bedding dip and (c) strike.

Gamma Ray Resistivity Static Image Dynamic Image Dips

DIP

IMAGE_STATIC || IMAGE_DYNAMIC solution seam _»

bePTHE — GR —— FBGA

= B DIP
0 GAPI 100({0.2 DB1000

DEGREES

I

4122

4123

sy S50 s 4o eads saslis(Solution Seams) Llus, L Il S35 sbeaS ) 51 slaiges =Y S
Figure 7. An example of thin dissolution or conductive seams observed in the examined interval.

YA



]

ey .y o P . &
\ O)La.ws\; o)jb‘\foa )Léﬁ. M)M‘Sbﬁ)lsswuwn) ;‘f,’d'/:j’@b
30 “0 50 60 70 80 90
(@)
0.88 o
2
§ 0.66 g
g &
-3 044 2
£ 3
0.22 §
v
30 40 S0 60 70 80 90
(deq)
Simple filter:
B solution seam
Schanidl - Pole - Uppar henisphere
Simpie fiter:
-
Ll, S35 Y slazel (€) 5 s 40 bgs o o1, 5005, () ol I giunn (@) -A IS
Figure 8. (a) Histogram, (b) Rose Diagram of the dip and (c) strike of thin conductive layers.
Gamma Ray Resistivity Static Image Dynamic image Dips
DIP
IMAGE_STATIC IMAGE_DYNAMIC | Dense Strike C 4

PEPTH, — R 2

DIP
DEGREES

4355

4356

4357

csyy 50 Jlgi 0 oauds sdmline Llu,b L oST1xe slads) 5l slasges -1 JSs
Figure 9. An example of dense or non-conductive seams observed in the examined interval.

va




\ O)LA...':: N7 0,99 AR KA )LQJ.

e

wra N . &
a8yl 60 )5 (omlidiee) I ) Zar ol

Simple filter:
O pense Strike

10 20 30 40 50 60 0 80 90
(a} 1.00

@
D.2 0.80 @
o
/'_/ :
s E
G 015 0.60 T
¥ 5
4 H
b.1 0.40 2
£ 3
3
E
0.08 0.20 3

10 20 30 40 50 &0 0 80 90

(d2g)

‘Schamict - Pole - Uppe: hamisghare

© -

» g 1

el ey

(b)

Llo,b S50 Y slazael (€) g s 43 bogr e ol L5, (B) ol S gt (@) -V + IS
Figure 10. (a) Histogram, (b) Rose Diagram of the dip and (c) strike of thin non-conductive layers.

Dgd o 0838 055 Sl swgiw Dyge a4 Lils, 5 k>
sl i ply yo (SSls diles jog 5L oamoslis as
ol 09250

3b (sl -V-F-F

S9bisn p Syl J5 aliwy 4 o SnSh cnl (Sl
by Ceowd ol jo a5 Seglae wil Lle, |5 51,
S aige) 5l el 090 0SS (S gl Hloges
0568 3 JolS (gt T30 S Djpo 4y (SoaSl 5 S
Khoshbakht., )ogi co 0050 (5 paad Joges o X,
Sl £ ol 5l g0l olass glls 35 512016
Mohsenipour )aisb o |yl 1) oYU odg Jusly aily
5o o odsline b sla KXo e, (et al., 2022
a Wog olled Wil YL e )0 asdllas 9550 ol
VO olaws 5L (SlSs IVY ol I a5 glasS
25k KeSS dae VY e 5 o cnl po (s
ol (V) S)au0 5 ol Lled il ol s
uiio 4 oA B Fe ongaze o ax 0 YA 55l b Ll
95 sy 90 Sl S ngal Jlogel jo (S ek ol
s SISW  SA5W s cypa b (Sl S anws
QY ISy ovnlive §,d waiz—o,g Jlads olukal

PR )oges 53 (Sns -F-F

IR SV IS SO CEJUM gy VIV P PR GOV Wi
Khoshbakht., )sgs o a8 il Ju5 b g S
S (Ko o2 b SiuSs Koo &jle 402016
Shgo ol s dioe B b g 0 a5 wiiis glass
“25) 00 ok b sl eossay (nl (U5 jskay .05 o
Sl ;0 a5 Jb j0 0oy jad slaiel 5 o2iS sl
Silpdige o oo (LS oS U e ok (oB)lad
-0 B Suss (Mohsenipour et al., 2022)s )l
‘u.u)).«.Ia)‘_g\)‘}A Ja.wy o..\.....a)a diu‘bjw s)la .\.u‘};
390 0lz S pgal jloged ;o ol oy g Cu ol ondS
M»/" SAVY oloss .o A&&‘U 9 oo lice (M)o..\.uf
S aallln 090 g5 9 i (S5 ) e 5 1
ol ye iS5 slad gble olulis (V) JS8) ol
sy wie) b sla Sl jgax wlul S5O
& y90 (Breakouts) ol> o)less o5, aalgd g (oS

F L gas n Jdo a4 b sl sl ol ad F



\ O)LQ.A..:J N7 0,99 AR KA )L@d

e

wa s . R 4
ad i )5 (ewlidine) :uyc4§;w385b

PEPTH

Gamma Ray Resistivity Static Image Dynamic Image Dips
DIP
IMAGE_STATIC _|| IMAGE_DYNAMIC |Conouctive Fracture 3,
FBGA DIP
0.2 DBI1000 DEGREES

4268

4269

Ve RAY Y

Figure 11. An example of open fractures observed in the examined interval.

10 20 30 0
()
2
0.1 0.76 u
g
w
a 3
o e
o
1) l.g
& H
2 0.05 0.3 =
[ -
2
E
3
5}
10 20 20 40 50 60 o a0 S0
(deg)
Simiple filter:
M Conductive Fracture Il Possible Opan Fracbure
Sohemih - Pole - Upper Rbmdiphare
(b) -
BagE, ?H-' - '-'l':l:.,jc'
330~ \
1 w0
'|IC‘/ s, by
s 5
3054/ g
a0 ! Ly
.”._" ."“,u
e \:'; :w B
m:, ,'u-.-o-
5
AP Dmiga] ' ATTHUTH [l LA AT (g
[ Teeras—— Temgde Nigar
B Comrchaciis Pracinery [ ] ey S S, 0 LR s W Pt Open PwTSE

5 Gl KnSiss slazel (€) 5 s 4y bogsye pl,5L05, (B) ol Foica @) -V Y S
Figure 12. (a) Histogram, (b) Rose Diagram of the dip and (c) strike of open fractures.

AR



\ O)LQ...':: N7 0,99 AR KA )LQJ.

e

PN s, . &
Wyl 63 (omlidie) Jlr‘ldf/:m:a@b

Gy a by SClusllh Camsg -0-F
oot MLl Wi oo amay b b SSs L3
SSs s (2L s oFe gl @l sl
ouiy] slrolz ()l Algp s el ) 9 WS 2l 3
@ Sln e 90 Sy po sl adly abs
oSSl o g olaiial (gaiua¥ b by Sl bl |
390 Wik g bl 658 g GunaY o e & Cons
lo Ko olactel bl ol 5y .cd )5 15 Llow
b by by Knss 5951 g (o slael 4y Cos
99 o FuSl ol Hlake uizmes 9 (S0, ex
99,2 .(V0 U)ol ooy aseis  SuuSls (Set) aws
CFE> Caaw o Sy sl by Sl aws oyl
PRCIRNARCIPURCREPINE S5 I BT W RVETIS:
wws e wibe samay sl Shilge 4 Luyis oS
LS oo 1,8 (Longitudinal) Jsgb sla Snsls
STSE/NT5W slazel s SISW ol Cap b pgd s
oY slaiel 4 Cawns lo aggly olasal b slo SnSls
- o 0.l (Oblique) & 50 (glo SinSlis 45wl oo

PESIRPITORE O S R
oo Sgis b 5 00y (slo KiuS 4 bn KiuSs
sl b sla KoeaSlls &y gua Tal [0 (gl g0 00uel 35
oS Gl Lwgi ooy CutSS L 5 aileas
6ol olasi 5925 O jg0,0 Wilodds 5 cwndiw g (SomlS
slr rile plsie 4 Wlgie oSSl i g5 cnl Sl
3 09h adgi o el el 5 a8 Jes b > 2S5 >
S (S Caglie e 4 FMI 5 gai loged
YL Cglan b slo SIS Jawgs o 5l ool as oYL
a8 Slalle b (cwgiom goo g Sl din) & S
Wgd o oadlive Canl vy oSl ol slaaslas
S LS oy 3)90 olr S pgal Jlases 0 (VY JS2)
Pt b olded wile (VL i o ate (SSS
ezt Jlod ohiel 5 ()0 Jlod S 4y a4z
o L a4z LLOVF JSE) ol sdalie (B8
g ol olulld adllas 0,50 g jo anay SSs
ol el (Y it pe I el e ody Gl
g b oyl adg felS e JB ST Sss
5 Cenl oy 8590 ol (slp Bro i nl a5 590

Kigd slaol> sols I soliiul wiejls Hlowe JS 0 o] pues
Ll ,.«.......a.:" W
Gamma Ray Resistivity Static Image Dynamic Image Dips
DIP
IMAGE STATIC IMAGE DYNAMIC
bePTHE —— GR =—— | FBGA DIP
0 GAPI 100(0.2 DBI1000 DEGREES
4268 [—
4269 [—

sy y90 (i 5o oad sdslive diwy (KiSls 1 glaiged VY S
Figure 13. An example of closed fractures observed in the examined interval.



]

. . N N
\OLQ.J:‘\?O bc\f’a a9 5 S lS . . )
p) )9 Sl e GO RO ;l,qldf/;w&b
-
10 20 30 40 EO &0 70 20 a0
(@ 100
0.90
TE o.80 §
g 27 0.70 §
5 0.6 060 T
E 0.5 0.50 E
g 04 0.40 %
* o3 0.30 3
0.2 0.20 5
0.1 0.10
10 20 30 40 &0 &0 o 80 90
(deg)
Simple filter:
@ Closed Fracture
Fechmid - Fole - Uipper Ftmisphens
© N o
O S W AP
220~ e
ne= \\e“-
30':'._“( \.l}n.
e/ \pee
.-oo-l;
|
rE?G':
M'I'I
21
'\\
Ja=h
?IQ:\_
339'\\..
20— T
Rl T . A
s
e ——
fimar: Tamide e
i Choasas Pt [ "

iy sl K ozl (€) 5 s 4 bgyye 5L, (B) el T @) -V F IS5
Figure 14(a) Histogram, (b) Rose Diagram of the dip and (c) strike of closed fractures.

10 20 30 90
(@)
P 0.92
— 080 2
g 006 0.69 i
g S on ns7 @
3 o.0a 045 2
E oo 034 =
2
0.02 0.23 §
S
0.01 0.11
40 50 60 70 80 90
(deg)
Simple filter:
B Bedding Ml Conductive Fracture Il Possible Open Fracture
(C) Mpper Hemisphere N (b) N Equal Area projection
Bchmidt Stereonet Max Dip : 90.0 Deg

:

.
. Sonduclive Fracture
* Possible Open Fracture

Figure 15. (a) Histogram, (b) Rose Diagram of the dip and (c) strike of bedding planes and fracture sets.

Y



\ O)LQ...':: N7 0,99 AR KA )LQJ.

e

A & .t R Yy
a8yl 60 )5 (omlidiee) I ) Zar ol

W55 o0 (6 S0 30 Ay Coands oS Al 3R g ik yaw s 09Dle

WS eply8 e Co e g sl B0 slrosls

G dois -7

2 5 g 9 (elidime) Glaonny (hagh (nl o

Cerx b 51 S 0 ket Slo S (e oy

s FMI 3 oai Jloges slaosls gaals 3l oolazwl b ol !

Goniwd 5 Jlod 3550 (Saido it Jslate slaloges

25 T 4 adlae onl loaldly G ite 285 I8

Tl

e VY lelis b osanay 5 opbsle Lle
o S (S g a5 s S patie (gana
Slys cdpline pas .l 5,0 Jlod oo 4 e
Gk 5l (S daay slasel 5 o g 50 S
sya> pae g aslllae 8590 ol Cusdee o gLSLe
o o3l ol 55 S5 oS

S 1ke ) AT olulid s o5m) 5 533500 Slaosyay @
Lo, Pl S50 45, 0 4 (Dense Streak) Llas,b

oY b alio g, a5 (Solution Seams)

gloanlp Jius Sily wies e olis (G5 ]led)
el 330 )3 lonsy al @i 2 LS g (29,
ot M il (2L Ao o sl (ol 55 e
! e oges (Heterogeneity) Seal o
S s

330 W el 1055 ol 5 Lo St S0
0 Wojyd 3lasl ay 8 o ST a8 ols las (S Sls
@ azg bowladl 55565 Lled wile (oYL i
(o ) iy SonSE 3y5e K L ololis
O3 (rl )3 4l @l s &5 o S i
i gt JAS b sl RSt Ly
S (20 hol dole VL i 5 b sl (Ss
Ll O (Sl GRS A o S (pl o SYL
005 o0

Sl SuSls ganaY 4 Cud o SuSls awsin e
99 50 g3 Y b gwais abaly Holul oo ololis
Jols Jol aiws aias gamanl Lol aies
s Zg> b (Longitudinal) Job sla Snsis

S -0
Jolaie o105 LFMI 5 s guai Jlogad slaosls 5.l
by il o ol s anllne 350 ol 5 (Sasids
b ganay ol 18 5L gl sl ,0b cow Sl
sas, 5 (Solution Seams) Lls, 3L sleas, o
slacel 5 cus b Goes (Dense Streaks) bl ,b o510
283 g0 L plate @98 Gl il 18 ganaY alive
5 Jbw Ol S5 0 (oot SR Loy ool &S
Sldllas b pol> cloadly Wl ke agli Jolss
Wb Glpl oo aluS Gl 00 oein
Khoshbakht et al., jMohsenipour et al., 2022a
5 SHb leas, was o lid a5 o)l cilll2016
b ey ol Slo s w5l oo STt slapS]s
ol o b JlSs oS ol (it o (rdge milse
<,90 ¢ (Longitudinal) Jeb aiws g0 a4 aslas
9 SASW i L Job atws .ol wends(Oblique)
s 5 gonaY ilse Loyis SASE/NASW slucl
Joasgly STSE/NTSW slael ¢ SISW Cocts b w90
bl sacmolas Sl pl aiogs gamay 4 o
el e sl S5l 5 o SIS (553
Sike @Y B )0 i & Gl sla SSS
b b wlgoe wad osalie (LS
O Sg Sgnte )3 (oods GRS 9 wiiS bml (S g e
a5 0s Glold atey SraSs o Lo sl anals
e @ azg b J onl b ool adgi g BB
B @ @l peasd 05 ol S5l a5 eosls cysgase
alie anlllae ol @b 053 el LLisl b oyl lage
olbs gl FMI jloges 51 oolawl jo L8 olalllas
Asgarinezhad et al., ) cwl 5w sl sl 588
ol 5l Jol> Sledlbl (2016; Aghli et al., 2025
Giledse gloase; ;o Wl aT, 5 b SSs
5 O (F3950 Sl o KinSl 4l 5 gl b,
aals 0 )5 woz slacly i slp e O s
FMI jlsgai 5l oolaiwl a5 oo oo ylis daslllas o) .ol



e

Y oo,les NE 0,90 N FO L A i (63,8 ol o ;"T’L’f!{‘_’_‘:’é}’
Spgas loges 5l Jols slaools yizen 5,4l o Jolis pgo atws 5 SASE/N4SW slasl 3 S45SW
Glp 48 pod ke o3l lae 4wy FMI SISW i ez L (Oblique) o )se slo SinSlis
S8 soliiwl 0550 oo Slalllas ;o Sgame (g puSose Sl o g9 opl awl STSE/NTSW slael 4
S5 a5 des e LaS addllae ul o IS sk 4y S oboyes b g 55 w3, S eamoplis
203,98 [ FMI S 905 13505 9 Jsliie sl o5 Sed p Sorier 9 sldhn SEgsS
Oile 29wy g olibime) sla SRy b)) sy el S
5 O SIS e w4 Wlgiee g Sl &lo S o SuSCh ane) 3 g 4 (g (nl slaaidly
Az BB S s arwg slaasly Joe (b S 4 gl sln (E3S (599)5 slaesls

~led ol Glanng slooly yae dinge 2y g Olowe

&=l

Aghanabati, S.A., 2004. Geology of Iran. Geological Survey and Mining Exploration of Iran, Tehran,
Aghﬁ;séﬁ. Moussavi-Harami, R., Mohammadian, R., 2020. Reservoir heterogeneity and fracture
parameter determination using electrical image logs and petrophysical (a case study, carbonate

Asmari Formation, Zagros Basin, SW Iran). Petroleum Science 17, 51-69.
https://doi.org/10.1007/s12182-019-00413-0

Aghli, G., Motra, H.B., Saberi, M.R., Nikbin, M., Ostadhassan, M., 2025. Fracture Development and
Characterization from Field Data in a Dolomite-Limestone Sequence: G. Aghli et al. Rock
Mechanics and Rock Engineering 11, 1-25. https://doi.org/10.1007/s00603-025-05125-z

Ahr, W.M., 2011. Geology of carbonate reservoirs: the identification, description and characterization
of hydrocarbon reservoirs in carbonate rocks, John Wiley, p. 296.

Asgarinezhad, Y., Asgarinezhad, M., Tokhmechi, B., Kamkar-Rouhani, A., Sherkati, S., 2016.
Detecting vuggy porosity in carbonate reservoirs by well logs. Journal of Petroleum Exploration
and Production Technology 6, 25-31. https://doi.org/10.1007/s13202-015-0169-7

Babadagli, T., Al-Salmi, S., 2004. A review of permeability-prediction methods for carbonate reservoirs
using well-log data. SPE Reservoir Evaluation &  Engineering 7, 75-88.
https://doi.org/10.2118/87824-PA

Burgess, C.J., Peter, C.K., 1985. Formation, distribution, and prediction of stylolites as permeability
barriers in the Thamama Group, Abu Dhabi, in: Middle East Oil Technical Conference and
Exhibition. OnePetro. https://doi.org/10.2118/13698-MS

Ezati, M., Azizzadeh, M., Riahi, M.A., Fattahpour, V., Honarmand, J., 2018. Characterization of micro-
fractures in carbonate Sarvak reservoir, using petrophysical and geological data, SW Iran. Journal
of Petroleum Science and Engineering 170, 675—695. https://doi.org/10.1016/j.petrol.2018.06.058

Farshi, M., Moussavi-Harami, R., Mahboubi, A., Khanehbad, M., Golafshani, T., 2019. Reservoir rock
typing using integrating geological and petrophysical properties for the Asmari Formation in the
Gachsaran oil field, Zagros basin. Journal of Petroleum Science and Engineering 176, 161-171.
https://doi.org/10.1016/j.petrol.2018.12.068

Jamshidian, M., Hadian, M., Zadeh, M.M., Kazempoor, Z., Bazargan, P., Salehi, H., 2015. Prediction
of free flowing porosity and permeability based on conventional well logging data using artificial
neural networks optimized by imperialist competitive algorithm—a case study in the South Pars Gas
field.  Journal of Natural Gas Science and  Engineering 24, 89-98.
https://doi.org/10.1016/]j.jngse.2015.02.026

Kadkhodaie-Ilkhchi, A., Amini, A., 2009. A fuzzy logic approach to estimating hydraulic flow units
from well log data: A case study from the Ahwaz oilfield, South Iran. Journal of Petroleum Geology
32, 67-78. https://doi.org/10.1111/j.1747-5457.2009.00435.x

Yo


https://doi.org/10.2118/87824-PA
https://doi.org/10.2118/13698-MS
https://doi.org/10.1016/j.petrol.2018.06.058
https://doi.org/10.1016/j.petrol.2018.12.068
https://doi.org/10.1016/j.jngse.2015.02.026

e

Vool V8 0,90 NFeO Lo A i (63,8 ol o ;"T’L’f!{*‘:’é}’

Khoshbakht, F., Memarian, H., Mohammadnia, M., 2009. Comparison of Asmari, Pabdeh and Gurpi
formation’s fractures, derived from image log. Journal of Petroleum science and Engineering 67,
65—74. https://doi.org/10.1016/j.petrol.2009.02.011

Khoshbakht, F., Rasaie, M.R., Shekarifard, A., 2016. Investigating induction log response in the
presence of natural fractures. Journal of Petroleum Science and Engineering 145, 357-369.
https://doi.org/10.1016/j.petrol.2016.05.023

Lee, H., Lee, S.G., Doyle, P.S., 2015. Photopatterned oil-reservoir micromodels with tailored wetting
properties. Lab on a Chip 15, 3047-3055. https://doi.org/10.1039/C5LC00277J

Liu, Yisheng, Liu, Yuetian, Zhang, Q., Li, C., Feng, Y., Wang, Y., Xue, Y., Ma, H., 2019. Petrophysical
static rock typing for carbonate reservoirs based on mercury injection capillary pressure curves
using principal component analysis. Journal of Petroleum Science and Engineering 181, 106175.
https://doi.org/10.1016/j.petrol.2019.06.039

Mirzaei-Paiaman, A., Ostadhassan, M., Rezaee, R., Saboorian-Jooybari, H., Chen, Z., 2018. A new
approach in petrophysical rock typing. Journal of Petroleum Science and Engineering 166, 445—
464. https://doi.org/10.1016/j.petrol.2018.03.075

Mohsenipour, A., Soleimani, B., Zahmatkesh, 1., Veisi, 1., 2022a. Determination of reservoir rock
typing using integrating geological and petrophysical methods in one of the oil field in south-west
of Iran. Carbonates and Evaporites 37, 1-15. https://doi.org/10.1007/s13146-022-00782-5

Mohsenipour, A., Soleimani, B., Zahmatkesh, 1., Veisi, 1., 2021. Estimation of nuclear magnetic
resonance (NMR) log permeability by integrating artificial neural network and imperialist
competition optimization algorithm (ICA) in one of the oil fields of southwestern Iran. Arabian
Journal of Geosciences 14, 1-18. https://doi.org/10.1007/s12517-021-08821-6

Mohsenipour, A., Zahmatkesh, 1., Soleimani, B., 2022b. Fractures Analysis Using Core Data and Image
Logs: A Case Study in the Dalan—-Kangan Reservoir of South Pars Gas Field, Iran. Iran. Iranian
Journal of Science and Technology, Transactions A: Science 46, 819-828.
https://doi.org/10.1007/s40995-022-01288-4

Motiei, H., 1993. Stratigraphy of Zagros. Geological Survey of Iran Publication, Tehran, p.536.

Oden, C.P., LoCoco, J.J., 2000. Variable frequency monopole-dipole sonic logging for mechanical and
hydrogeologic properties, in: Symposium on the Application of Geophysics to Engineering and
Environmental Problems 2000. 13th EEGS Symposium on the Application of Geophysics to
Engineering and Environmental Problems, pp, 493-502. https://doi.org/10.3997/2214-4609-
pdb.200.2000 058

Ostad, M.N., Asghari, O., Emery, X., Azizzadeh, M., Khoshbakht, F., 2016. Fracture network modeling
using petrophysical data, an approach based on geostatistical concepts. Journal of Natural Gas
Science and Engineering 31, 758—768. https://doi.org/10.1016/j.jngse.2016.03.084

Payton, E., Khubchandani, J., Thompson, A., Price, J.H., 2017. Parents’ expectations of high schools
in firearm violence prevention. Journal of community health 42, 1118-1126.
https://doi.org/10.1007/s10900-017-0360-5

Rafik, B., Kamel, B., 2017. Prediction of permeability and porosity from well log data using the
nonparametric regression with multivariate analysis and neural network, Hassi R’Mel Field,
Algeria. Egyptian journal of petroleum 26, 763—778. https://doi.org/10.1016/j.ejpe.2016.10.013

Rajabi, M., Sherkati, S., Bohloli, B., Tingay, M., 2010. Subsurface fracture analysis and determination
of in-situ stress direction using FMI logs: An example from the Santonian carbonates (Ilam
Formation) in  the  Abadan  Plain, Iran. Tectonophysics 492, 192-200.
https://doi.org/10.1016/j.tecto.2010.06.014

Sadeghi, R., Moussavi-Harami, R., kadkhodaie, A., Mahboubi, A., Ashtari, A., 2021. Reservoir rock
typing of the Asmari Formation using integrating geological and petrophysical data for unraveling
the reservoir heterogeneity: a case study from the Ramshir oilfield, southwest Iran. Carbonates and
Evaporites 36, 1-28. https://doi.org/10.1007/S13146-021-00692-Y

Schlumberger, 2002. FMI-Borehole Geology, Geomechanics and 3D Reservoir Modeling. Current,
p.12.

Ys


https://doi.org/10.1016/j.petrol.2009.02.011
https://doi.org/10.1039/C5LC00277J
https://doi.org/10.1016/j.petrol.2019.06.039
https://doi.org/10.1016/j.petrol.2018.03.075
https://www.earthdoc.org/content/proceedings/ArlingtonVirginia2000
https://www.earthdoc.org/content/proceedings/ArlingtonVirginia2000
https://doi.org/10.3997/2214-4609-pdb.200.2000_058
https://doi.org/10.3997/2214-4609-pdb.200.2000_058
https://doi.org/10.1016/j.jngse.2016.03.084
https://doi.org/10.1016/j.ejpe.2016.10.013
https://doi.org/10.1016/j.tecto.2010.06.014

e

Vool V8 0,90 NFeO Lo A i (63,8 ol o J'K’UL{J’?"”

Sherkati, S., Letouzey, J., 2004. Variation of structural style and basin evolution in the central Zagros
(Izeh zone and Dezful Embayment), Iran. Marine and petroleum geology 21, 535-554.
https://doi.org/10.1016/j.marpetgeo.2004.01.007

Singh, N.P., 2019. Permeability prediction from wireline logging and core data: a case study from
Assam-Arakan basin. Journal of Petroleum Exploration and Production Technology 9, 297-305.
https://doi.org/10.1007/s13202-018-0459-y

Tadayoni, M., Khalilbeyg, M., Bin Junin, R., 2020. A new approach to heterogeneity analysis in a
highly complex carbonate reservoir by using borehole image and conventional log data. Journal of
Petroleum Exploration and Production Technology 10, 2613-2629.
https://doi.org/10.1007/s13202-020-00930-4

Tayeb, S.H., 2012. No TGeological supplementary report of Azadegan exploratory well-4. Exploration
management of National Iranian Oil Company.

Zahmatkesh, 1., Soleimani, B., Kadkhodaie, A., Golalzadeh, A., Abdollahi, A.-M., 2017. Estimation of
DSI log parameters from conventional well log data using a hybrid particle swarm optimization—
adaptive neuro-fuzzy inference system. Journal of Petroleum Science and Engineering 157, 842—
859. https://doi.org/10.1016/j.petrol.2017.08.002

Zhang, 7., Zhang, H., Li, J., Cai, Z., 2021. Permeability and porosity prediction using logging data in a
heterogeneous dolomite reservoir: An integrated approach. Journal of Natural Gas Science and
Engineering 86, 103743. https://doi.org/10.1016/J.JNGSE.2020.103743

Yy


https://doi.org/10.1016/j.marpetgeo.2004.01.007
https://doi.org/10.1016/j.petrol.2017.08.002



