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Article info Abstract
Article history In this study, the heterogeneity of the Sarvak reservoir in an oil field located in the
iiggg’éﬂ ilsiﬂééizefzozs Dezful Embayment was studied. The occurrence of heterogeneity is primarily
Keywords: attributed to various geological factors in carbonate formations, including the Sarvak
'Cg::;ozgsegggfyf*iciem Formation, resulting in significant impacts on petrophysical and other reservoir
Image log, ' characteristics. The heterogeneity index can be calculated using conventional
Sorting index, petrophysical logs or advanced FMI image logs from petrophysical point of view.

Sarvak Formation.

Heterogeneity index was calculated in this study using two methods across two wells.
The index was measured using conventional methods such as DykstraParsons
coefficient, Lorenz coefficient and coefficients of variations of porosity and
permeability based on conventional logs. In contrast, the second method used FMI
logs to obtain the index by calculating the sort index as a measure of heterogeneity.
Based on this study, there is a high correlation coefficient between the coefficients of
variations of porosity and permeability and the Lorenz coefficient with the image log
index in the two studied wells (up to 60%). This study indicated the LSB2 zone has
the lowest heterogeneity value while the LSG zone has the highest heterogeneity value
in this field based on sort index of FMI log. The heterogeneity found in this reservoir
is primarily due to diagenetic processes.

Introduction hydrocarbon  recovery from  petroleum
The study oil field is located in the northern reservoirs (Fig. 2). In this study, the

part of the Dezful Embayment, a subdivision
of the Zagros fold and thrust belt (Fig. 1). The
formation in the study area is divided into
three zones, including Upper Sarvak, Ahmadi
and Lower Sarvak, which are further
subdivided into 20 subzones. Heterogeneity is
a very important factor in reservoir static
modeling, reservoir simulation, and defining

heterogeneity index was calculated using
conventional petrophysical logs and advanced
FMI image. The index was measured using
conventional methods such as Dykstra-
Parsons coefficient, Lorenz coefficient and
coefficients of variations of porosity and
permeability. The results were compared to
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one another in order to assess the correlation
between the two methods implemented.

Fig. 1. Approximate location of the studied field
in Dezful Embayment.
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Fig. 2. Generalized chronostratigraphy of the Cretaceous successions in Zagros and nearby regions (Motiei,

1993)

Material and methods

In this study, two methods were used for
Heterogeneity analysis. Initially, a sort index
was calculated from the image log using
histogram statistics, and then Dykstra- Parsons
coefficient, Lorenz  coefficient  and
coefficients of variation of porosity and
permeability indexes were calculated based on
conventional porosity and permeability logs.

The coefficient of variation is a
conventional method that compares the
standard deviation to the mean value of
specific data. The zero value represents
homogeneity, although, there is not maximum

96

value indicating extreme heterogeneity. The
Lorenz coefficient provides a graphical and
numerical index ranging from zero to one
indicating the homogeneous intervals (zero)
and maximum heterogeneity (one).

The conventional Dykstra-Parsons
coefficient as well as the variation of Dykstra-
Parsons (VDP) are calculated based on
permeability variation. The value of the
Dykstra-Parsons coefficient ranges between 0
to 1. To characterize the heterogeneity index,
Dykstra and Parsons suggested the following
equation.
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(ki—k)?
5= [Cck? (1

Vk — kso—kga.1 (2)

kso
Where, Kkso and kss1 represent the

permeability values with a probability of 50%
and 84.1%, respectively.
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Fig. 4. Reservoir heterogeneity ranking based on
image log heterogeneity index in well 2.
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Fig. 3. CV of porosity vs. Sorting index plot.

Results and discussion

This study indicated that the LSB2 zone
has the lowest heterogeneity value while the
LSG zone has the highest heterogeneity value
in this field based on sort index of FMI log.
Additionally, the study reveals a high
correlation  coefficient ~ between  the
coefficients of variations of porosity and
permeability and the Lorenz coefficient with
the image log index in the two studied wells
(up to 60%) (Fig. 3). Another finding of this
research is thatthe LSB2 zone has the lowest
heterogeneity value while the LSG zone has
the highest heterogeneity value in this field
based on sort index of FMI log (Fig. 4).
Diagenesis processes are the main reason of
the heterogeneity in this reservoir.
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Conclusion
The coefficients of porosity variation and
Lorenz coefficient have a high correlation
coefficient with the sort index of image logs.
Dykstra-Parsons coefficient does not show
a clear correlation coefficient with the sort
index of image logs.
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Fig. 2. Stratigraphic chart of the Cretaceous successions in Zagros and nearby regions (Motiei, 1993).

oY


http://dx.doi.org/10.22034/KJES.2023.9.1.105171
https://gnf.khu.ac.ir/article-1-2829-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-16 ]

[ DOI: 10.22034/KJES.2023.9.1.105171 ]

----- ookl 2 (Sordg i (SReal sla jaslis (el

O 5 105000

Age Formation Lithology
[}
=
3
Re) Aghajari
a
Zones
Q
c USA1
&
] USA2
z NNS
USB1
2 USB2
IS USsc2a
s)
= NS 2NN
s Gachsaran UsCab
ANV
________________ USCla
==
_ b |
Asmari | EE] (| UsC1b
ESESE
Paleogene Ahmadi
Pabdeh R
T LSA2
; LI LI.L LSB1
Gurpi O LB e T3
=
E & [llam-Surga Ly = 1SC._D
o o
I =) LsE1
% Sarvak LSE2
G LSF
Lower| Kazhdumi  EErrssroo LSG

“Jsed 5l eolitul 55 vz ge Sl 5 S Sle
— 0 O O ot Slogas walie sla
5l oleren oolatuwl b by, cpl a5 el 5l .ogi
slalaz 0,5 oo plnil (S b pom o L)
SleMbl sl S8 @ oY ol jieS ol Solas
e Slgise Somdorn sl byl Jols
baiysy cnl Gos 5 Culied 0o slagyg) b
o> e edS g Jlw g8 ais
Sleislo gbhadii ags ;o b5 (350 H5)5 9,0
Lucia, ) &,5 1,8 colatwl 5,50 Cules o
ol e 51 bl ol 5l Jels b (2007
LS p> She S (e (b o>
SleMbl wilgs o o glesl g S saims JoSis

ools &l il 3P Sloogas b akal) o sanas

8 Probabilistic

2 Sy Sile giyg) 5 eelidang O)lr - IS
(Mehdipour et al., 2023) daslllas 5,50 oo

Fig. 3. Stratigraphic chart and reservoir zonation
of the Sarvak Formation in the studied oilfield
(Mehdipour et al., 2023)

w5 Jyama i SV 33005 aslllas ol 53

J38le y SO plsieay wlolly (g,l38le 5 &8 b oas
El el 5 el Sz a5 68
ool 8,5 5 ealitl 5,50 S 2SIl sloolu
O g ol slaosls Jolod g 4y s 4y 018 1380 6 3
s 5 by (Semdsrn eyl
S O35 Siledae o Wl oo 5 el (35
ooliiwl b (o589 la,l0 s )0 8L g
5 "ol g, 90 5l eolanl el I3l a5 el |
dalllas ol 0.0l oo Lo ol 0,5 10 A‘_sJLob‘
SIS 0] oy 5 (Sardy s ekl S
g L] Gl p a8 eolaiul Jlasl g,
Yo @ 4y b Jloix! Jow o el Jls!

7 Deterministic


http://dx.doi.org/10.22034/KJES.2023.9.1.105171
https://gnf.khu.ac.ir/article-1-2829-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-16 ]

[ DOI: 10.22034/KJES.2023.9.1.105171 ]

----- ookl 2 (Sordg i (SReal sla jaslis (el

OS5 5515940

oyl Keo ;50 ojle 4y ol o 2oy AT
AYY o olgly Keat g Jiol aoyo 00 L olglys
005J.7:.c )é | od.a] \ J9A> )0 4.7:.:1 L9.:[.]4.4)
O<Vi<D) cenl S b yao pole co o (pl &S (6l
Sedee Ol p) Supe @ SSeal oy
:(Skalinski and Kenter, 2014)
Lol 1S5 g Ked 35 dil V= + 31
Qi@lswsd}sumleo<vl( <0.25 3l

|

ol e w28 0.25 <V <050 3]
S S S ) B i (i Siles 5
Slr goas slodad adl JYLT0- @SBV
25 plxil Wb (Seals

G5 ope 2Bk 05<V <075 8]
g0 Sige)le b (pwin (5:le 5 Sl (Kol
355 o0 )l,8 colail

Sad 4 oy w3l 075V <1 S
Sl Rals

el RaallS e il V=1 3]
ool Mol 3y 19908 b dpwlne

Alide (b9, Wiz olyz Geasly (esd oz
Lbsy ol 51 e 7o) Lloges as o)ls gy
oy 5 ol Lawgs a5 g (nl 05l (o0 g
ol olgriey (Schmalz and Rahme, 1950)
Ao Ol bl pead woys pu; bl

Yﬂs;hblesoﬁ_;sg;ﬁ,_‘e)b@gaw)o

slazwl 0550 Solins § Seliw! gl Jow 0 g
el 5o)s] Cossy Cuz rizman WS )8
slroslo b Jol> bl .ayo 5 ool ouac 4SS
gy ool il eols Gadai g anslae ojme
9 Jolaie sl 55 5l eolaul b (Keal slo asls
(F ol 5 ¥ olz) anlllas 5,50 ol> 50 o atd iy
dwlre 20,8 awslio mab e 5 asbre
25 sy, Sl eslal b SKeal gl alo
1285 plxl
O3 eSS  pd dwlono

Ot S 658 Solpl Ognlil eSS o po
el Gl 4y Cwl (il (oRKeal 4z s
oolainl 3,90 S g dBs 5l (VK) Keal
So U yao oy pl Ol aels 5,5 o )8
<o (Dykstra and Parsons, 1950) <l
abal) 5l (sReal Glime raend Sz G S
il sy 5

Vi = )

S
k
oy Sl K g5, lastesl Lo &l,oil S a5

Bk 5l il oo g b TS s ol oyl

Cewd 4y ools (59, 5l polde dewle b o505 g
2 ably ol olee Vi jlade s slp "y
«(Dykstra and Parsons, 1950) s,5" eslax.l

K_ K
V, = -50 841 M)

K
50

Kea1 g9 o0 O JL@.&‘ La @‘95.’ Kso a5

Jleiol b abas o (rezs dmie 4 bgrye gl


http://dx.doi.org/10.22034/KJES.2023.9.1.105171
https://gnf.khu.ac.ir/article-1-2829-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-16 ]

[ DOI: 10.22034/KJES.2023.9.1.105171 ]

----- ookl 2 (Sordg i (SReal sla jaslis (el

OS5 5515940

(CV) &l yosd o b rsnlons

e slo bl 5l (So plyied Sl oo
oo 1B osliiul 9550 (SSeal (e (st Cux
Slp aS caol bl e SO coyo pl oS
319 99y 51 @ kel sloosls @jg (5 S0l
@ 2 Jeep Bl (5:Ske sl Bl il s
sl e Caws

o

CV = D)
[

Bos hae Gl wlpis cy,e CV oS
Q) ol Qe Hlade el ail e 0ol S0l
&S soll sesls awlie lp JJo pes
Lake ) aib oo caslin iyl alize glaasls
oo pogdle walllas !y .(@and Jensen, 1991
e JE Sl cape Sl @l ol
s 5 ki slool> 251 aS Luil 5l ays 5 oolinul
oy Lol il so 00y poundss 53w LS5 (gl
3 Jels sl eols W8 ojse 9529 9929 puc
oS o slaosls (oplply aies o LT
Oy o S (olin gy Wilgs oo Sl
il i Sanl
S 5 soliswl b Sudyee asld dwlbre
FMI S 0

b (KonSs 5l (g pglas 05,08 )5 gad (sl )15
DS At gy SES e 5 55 Sliis da
JE lalad prarw b5l g sLbl sl oS

Sol glaioe s pgai syl 50 dahe o e

Soges o calae blas .oyl o Cows 4y cwlidai>
e boe Gl el o olss Sl
oo b g e bghas lawgy &l o cpl ol
obyz axly G oame s SO e a5 Oglaie
S5lye boglas g digd g 0sls (lis el Sy 0e
(Shyz 92ls Sl gl sl S el
Wwgy @8 g (Bl yeb a5 Sl (35 5l 2
wlie 2l o S5 cgunay Slogas 5 005
e a5 <15l e i logad masy Sl g 01
Sy 2l il 0538 byl g ails g0l
>y lasl o 5 il walys ok 55
o o5 Sl S Wigd oe 0duel (y5Fe Saep
o5 Olr Sedib oy ol 0pe3d cd)l a5 lagad
e idu Wgd e 0duel | i e Al aiyl
A ald 0 S8 )b &g b s b a as
Wigd oo 485 HA )3 ()33 slads 5 Blge (e
s Ll o Jels pleres o) L
5Se (o 90 (nl STeGee blie ol
Joged g0 alold Ol st a> 12 9wl alils alold
0392 ()P0 yudin (5wl osins plis il i
il 425 a5 B ek il e ST

Jensen et al., ) cul 3o 09 Red OByre

.(1997; Craig, 1971

9 Baffle


https://fa.wikipedia.org/wiki/%D8%A7%D9%86%D8%AD%D8%B1%D8%A7%D9%81_%D9%85%D8%B9%DB%8C%D8%A7%D8%B1
https://fa.wikipedia.org/wiki/%D9%85%DB%8C%D8%A7%D9%86%DA%AF%DB%8C%D9%86
http://dx.doi.org/10.22034/KJES.2023.9.1.105171
https://gnf.khu.ac.ir/article-1-2829-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-16 ]

[ DOI: 10.22034/KJES.2023.9.1.105171 ]

----- ookl 2 (Sordg i (SReal sla jaslis (el

OS5 5515940

S sy glonls bwg plae Gl o
s Slee .(Mehdipour et al., 2023) o543 co
9 e Sope Wil o 533k slaal
ool 10) B 5 28l Sl 0 Sie SReal
Shano et) ol ouds S3le opl jo (@ sl
il o5k sleanl s Wbl oply @l 1993
SRS (oD (Sregled (Pl (ol e
51.000,5 sanlice gy 35,0 opé g Sad]
i Slow ( Plosil an] 3 ez daal)d ol
S92 1 B i o515 g OB (Saegld
Jon A e g Al aniil St CodlS
G 55k Jelge a5 el ] o Senls
Ol adllas ol SKeal e S o el
IR PP NPRUN| L OV Y PRIV INE SRR E XV
O Bof A S duto Jobbw Olss FOSS o
o ools uu..:La.: Pl Oy @LA.M.: Sl ol o
5 Pl 53U (9850 ke R3S 51 ool iy
ot aian aibigo a5l SIS b i
Fie o4 Sl e bl JSS oS
90 b Real (i acslre allas oplyo

dsl 9%y 5 oS Al Glie S0,
Jdzs (CV) Ol s oy 5l oolawl b g oo
20 JSa) 85 bl 5yg) <oy g 25 s
Aol bl (G50l o po drnloe p90 350,

5 S slin 5 wigdse sanlie by,
oy LSS, b 2l by S pome cou S
5 2l ab sl S 5o bl cpl igd oo osaliv
LS oo 8 eolaul 0y50 gl sl 5
S5 Lol g5 99 (g g Cuegling Soe sl )5S
slolpl g b SKnss olulil o YL (soges
- oo oolaiul by culis (5,5 0slail 1o 50 Seo
e 555 s o ssle ol s
<9y o Ls;.i@lj L5)LJ sosls § S oo ol
J..S‘SA 4.“..4[.7:.4 )ffﬁ"a" )li.: (_gLQaé‘Q ‘o‘;w -
sloo iy ol 03,5 S 5l G gy ol 5o
P10 polin g ey abgye pl S giacs il
polie ol ass 5 dawl=e P90 4 P75 P50 P25
A% odweli PS5 3P4 P3 P2 P1 C5y @ d)uT
5 Sy alh pluly (SSeal Gl

Sort index= (P5-P1)/P3 )
o g o

G A & S'g s (50 cdalllan 390 las 50

Voodg oimb Sopw g el Jod (VL Sy
Mehdipouretal., ) cewl ool puands 395505 3 095
Lyl s ogde g pms Wjles 33500 CepisS (2023
S o2 55500 slaanld 4 (6,105 g 4y
el obul coge gibe laanld syl
(Flugel, 2004) wgis oo a5lo,S 5l 4o Sy


http://dx.doi.org/10.22034/KJES.2023.9.1.105171
https://gnf.khu.ac.ir/article-1-2829-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-16 ]

[ DOI: 10.22034/KJES.2023.9.1.105171 ]

----- ookl 2 (Sordg i (SReal sla jaslis (el

OS5 5515940

5ol e Y S5 55 s S g o3 ablice
9 5l Jol> )5 gln aslllas 5y50 olr o
Sy00  slaol> jo .l sl sols inled 0,55,
oy b 5o Sl ey bls) sl
B L) yee S ngal S (SSeal (Sud e
Do oo oddlin A IS 0 aS 5 sblen aid S
99 5% 9 4RAlS 3929 g 99 (nl G (297 bLS)
ol e el oal s 4y ol ol olz
RCW PRV ARV 2 L..:).n.: ol>go yo blLs)|
4 Ay oo S pgal B (Seal slaosls cnl e

S8 1,8 eolaiwl 5,90 Ls;.i@lj ols olee

ol yuii g ad iy S peal S (Sadse
a5 goy Ol Dol Juds ) (5)lo paiges
Syl 7 JSs o .28 8 plnil (Jglaie 5 S g
S50l yo g 5 gl IS pulid S ol
ools Hlas asdllas 0590 o ¥ ool> jo (Sl 9>
3 $RXeal sl als aubre 5l G ccaloas
dmilons Loy 5l oS o (sl Ll (Sl ol g0
duslie Soen b Olawlxe ol zuli s g 030,5
90 2 50 Sl ol @l V Joas 0 250l
ouds oolo ylid aslllas 50 ol> 40 2 (gl 0 S,
|
L by orl 5l Jol mls amlis jehaie o
sl logel g ol> ahate (Dl oo Slsle


http://dx.doi.org/10.22034/KJES.2023.9.1.105171
https://gnf.khu.ac.ir/article-1-2829-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-16 ]

[ DOI: 10.22034/KJES.2023.9.1.105171 ]

OS5 5515940

PHIE 1

EMENT THINZ
T

SPILOG 1

SPLTHINZ 1

L5E1

—r e —

LSF

2 i gt 5 (BT90 5 Seredsrn) sl U ((Sabilers wie JRS bS5l Gloanr les -F JSS

aalllas 3,90 slaoly 51 (S
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lithology in one of the studied wells.
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Table 1. Heterogeneity indices for sorting index of the image log and CV of porosity and permeability logs and
Lorenz coefficient (US: Upper Sarvak, LS: Lower Sarvak)

Sort index CV of PHIE CV of PERM  Lorenz coefficient
Well #2  Well#4  Well#2 Well#4 Well#2 Well#4  Well #2 Well #4
US1 * * * 0.188 * * 0.204 0.143
USA2 * 0.079 0.471 0.206 0.992 0.145 0.681 0.117
NNS * 0.052 0.693 0.233 0.807 0.167 0.365 0.249

USB1 0.400 0.031 0.278 0.217 0.574 0.182 0.610 0.177
USB2 0.670 0.102 0.507 0.350 0.464 0.227 0.300 0.304

USC2a 0.373 0.150 0.276 0.752 0.274 0.306 0.113 *
usC2b * 0.037 * 0.147 0.316 0.104 0.148 0.156
USCla 0.985 0.051 0.999 0.254 1.786 0.198 0.166 0.25
USC1b 0.489 0.147 0.175 0.859 * * 0.576 *
LSA1 0.360 * 0.434 0.000 0.186 0.289 0.087 0.162
LSA2 0.299 0.093 * 0.107 0.695 0.077 0.554 0.157
LSB1 0.356 0.117 0.256 0.373 0.213 0.267 0.148 *
LSB2 0.261 0.087 0.079 0.078 0.411 0.076 0.402 0.255
LSC_D 0.343 0.072 * 0.321 0.195 0.216 0.238 0.116
LSE1 0.572 0.021 0.257 0.080 0.579 0.058 0.237 *
LSE2 0.402 0.093 0.285 0.475 0.281 0.348 0.155 *
LSF 0.618 0.066 0.544 0.139 0.404 0.104 0.337 0.216
LSG 0.988 0.029 0.479 0.221 0.675 0.164 0.352 0.136
LSH 0.509 0.077 * 0.194 1.329 0.176 0.767 0.285
Kazhdumi  0.637 * * 0.982 * 0.585 * *
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