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The progress of existing geophysical techniques for the last years led to a wider scope
of the problems resolved using this set of tools. The tools allow tackling pivotal tasks
such as the study of lithology in a geological section, correlation, evaluation of satura-
tion, porosity, permeability, and clay fraction, and outlining of oil-gas and water-saturated
layers. Complications emerging while resolving these problems directly depend on the
petrophysical parameters of reservoir layers. For instance, similar values of resistivity in
oil and water layers result in high value of clay fraction and variation of porosity in a wide
range and this complicates distinguishing the oil and water layers. On the other hand, it
is known that an increase of cementing clay amount in reservoirs causes drop of porosity
(Kpor.) and increase of residual water saturation.

This paper is devoted to design of models defining correlation between petrophysical
parameters of reservoir layers by use of integrated well data and establishing regression
equations from these parameters' distributions. Models of variation of porosity, perme-
ability, clay fraction and oil and gas saturation through the sections of wells were also de-
signed. They made it possible to evaluate filtration-capacity characteristics and establish
correlation between petrophysical parameters of reservoir layers and gain information
about this field.

The bar graph was drawn for permeability coefficient variation through studied reser-
voirs in Qirmaky suite (QD-1, QD-2, QD-3, QD-4) by use of sections of wells conditionally
marked as 1, 2, 3, and 4 in the Balakhany field.

Analysis of the constructed histograms allows us to classify the studied collector layers
according to their permeability. Of the 17 layers studied in section of well 1, only Layer 17
has very good permeability, the other 16 are of good permeability; all 17 layers of well 2
have good permeability characteristics; of the 17 layers of well 3, Layer 3 is of poor perme-
ability, layers 6, 7, and 14 have average permeability, and the rest are of good permeability;
all 12 layers of well 4 have good permeability.

The study target is Qirmaky suite (QD-1, QD-2, QD-3, QD-4) of the Productive Series
in Balakhany field.

Key words: water saturation, permeability, effective porosity, clay fraction, regression
equation, petrophysical model.
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Introduction: Balakhany-Sabunchy-Rama-
na oil field is the largest compared to other
fields in Azerbaijan. The field has specific oil
burial environment. Despite the absence of
gas «caps» the oil field is characterised by
high oil output. Study of Productive Series

sediments have been fulfilled by use of geo-
physical data acquired both from the surface
and from wells. These sediments consist of
alternation of sand, sandstone and clay. The
most sandy part is observed in Qirmakyalty
suite. One of the major production targets
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in the section of Productive Series is Qir-
maky suite (QD) —1QD, IQD,, IQD3, IQDy,
1IQD, IQD,, IIQD4, IIQD,, IQD; [Kerimova,
Khalilova, 2020].

Complications in prediction of productiv-
ity of reservoir layers directly relates to their
petrophysical characteristics. High percent-
age of clay presence in the field and wide
range of porosity variation causes similar
resistivity values of oil and water saturated
layers, and this as a result complicates distinc-
tion of oil and water layers [Pashayev et al.,
2018; Seyidov, 2019].

It is known that resistivity value of oil and
gas layer depends primarily on its water satu-
ration. On the other hand, high presence of
cementing clay amount in reservoirs causes
decrease of porosity (Kpor.) and increase of
residual water saturation [Seyidov, Kerimova,
2018; Ladenko, Savenok, 2021].

Methods. Integrated well data have been
applied for evaluation of petrophysical pa-
rameters of reservoir layers and the results
are shown in Tables 1, 2 [Kerimova, 2014,
Mukhtarova, Nasibova, 2021]. We have also
designed the models reflecting correlation
between defined petrophysical parameters
and established the regression equations for
statistical distribution of these parameters.
Designed models made it possible to study
filtration-volumetric characteristics of res-
ervoir layers and correlation between petro-
physical parameters, and as a consequence to
gain knowledge about this field [Abdelaziz,
2016; Burikova et al., 2020].

The study target was Qirmaky suite (QD-
1, QD-2, QD-3, QD-4) of Productive Series
by use of well data acquired from Balakahny
field.

Results. One of the models designed for
the area reflects the correlational dependence
between effictive porosity of reservoir layers
and permeability. Permeability and poros-
ity coefficients of productive layers are the
major dynamic parameters of reservoirs and
depend on some features. These parameters
are characterised by intensive and dynamic
interrelation [Abdullatif et al., 2021].

Fig. 1 displays correlation between per-
meability and effective porosity coefficients
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evaluated for Qirmaky suite (QD-1, QD-2,
QD-3, QD-4) analysed in section of well 1 in
Balakhany field (wells are numbered condi-
tionally for this study).
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Fig. 1. Correlation between permeability and effective
porosity coefficients evaluated for Qirmaky suite (QD-
1, QD-2, QD-3, QD-4) in section of well 1 in Balakhany
field.

It must be noted that the regression equa-
tion  Kpoy, =99.5523K 5 1o —1533  charac-
terized by high (#=0.6988) coefficient of
correlation between effective porosity and
permeability has been established. This cor-
relational dependence is also important for
outlining lithotypes in the section. It can
be seen from the figure that the porosity of
lithotype with permeability value of 194 mD
is 16.5 %, lithotype of 962 mD permeability is
23 % and porosity of lithotype with 1016 mD
value of permeability is evaluated as 21 %.

In a similar way, the correlational depen-
dence has been established between effective
porosity and permeability of reservoir layers
of Qirmaky suite for section of well 2 in Bal-
akhany field.

Fig. 2 displays the correlation established
for Qirmaky suite (QD-1, QD-2, QD-3, QD-
4) by analysis of section of well 2 in Bal-
akhany field. Established equation K., =
=38.48K 4 o, —187.97 displays good corre-
lation (r=0.6514) between effective porosity
and permeability in Qirmaky suite. It can be
seen from Fig. 2 that porosity of lithotype with
permeability 361 mD is evaluated as 19 %, the
porosity is 23 % for lithotype with 611 mD per-
meability, porosity is 18 % for lithotype with
534 mD permeability.

It must be noted that other valuable pa-
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Fig. 2. Correlation between permeability and effective
porosity coefficients evaluated for Qirmaky suite (QD-
1, QD-2, QD-3, QD-4) in section of well 2 in Balakhany
field.

rameters have been taken into account while
designing porosity models. In addition, cal-
culations made by use of the equations dem-
onstrated that if allocation of pores between
particles are not taken into account, it is not
possible to establish relation between perme-
ability and porosity.

We have also established the correlation
between water saturation coefficient and per-
meability coefficient of productive reservoirs
in Qirmaky suite (Fig. 3).

Analysis of correlational dependence al-
lows to outline two zones, the zone of clay
reservoirs with errm‘<200 mD and the zone
with poor clay presence with permeability
value errm‘>200 mD. This classification of
layers can be explained by drop of the amount
of cementing clay in rocks due to higher per-
meability coefficient at the low value of water
saturation coefficient.
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Fig. 3. Correlational dependence between water satura-
tion coefficient and permeability coefficient evaluated
for Qirmaky suite (QD-1, QD-2, QD-3, QD-4) in section
of well 1 in Balakhany field.
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Drop of percentage of cementing clay
presence in rock pores is related to good sort-
ing of large-grained sandstone. Fig. 3 analysis
allows to infer good and inverse correlation
r=0.9713 between water saturation coeffi-
cient and permeability coefficient, which is
characterised by regression equation K=
=—0.0795K oy 7108.72.

In a similar way the correlational depen-
dence has been established between water
saturation coefficient and permeability coef-
ficient of productive reservoirs of Qirmaky
suite (QD-1, QD-2, QD-3, QD-4) for sections
of well 2 (Fig. 4).
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Fig. 4. Correlational dependence between water satura-
tion coefficient and permeability coefficient evaluated
for Qirmaky suite (QD-1, QD-2, QD-3, QD-4) in section
of well 2 in Balakhany field.

It can be inferred from Figure 4 that very
weak and inverse correlation r=0.3286 exists
between water saturation coefficient and per-
meability coefficient in Qirmaky suite in well
2 and it is characterised by regression equa-
tion K, =-0.0268K ., +56.296.

Based on Table 1 we have established the
correlational dependence between water
saturation coefficient and clay fraction coef-
ficient of reservoir layers in Qirmaky suite
(QD-1, QD-2, QD-3, QD-4) in section of well
1 in Balakhany field (Fig. 5).

It is known, that pelite fractions play not
only the role of cementing matter within the
pores, but they are also involved in forming
of arock structure by clays. The coefficient of
residual water saturation of clay rocks is the
sum of water on the surface of clay and pore
water between the particles of rock skeleton
[Yin et al., 2020; Arkoprovo..., 2021].

It can be seen from Fig. 5, that in Qir-
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Fig. 5. Correlational dependence between water satura-
tion coefficient and clay fraction coefficient evaluated
for Qirmaky suite (QD-1, QD-2, QD-3, QD-4) in section
of well 1 in Balakhany field.

maky suite the very weak correlation is ob-
served between coefficients of water satura-
tion of layers and clay fraction, described
by r=0.0132 and regression equitation K=
=—1.3493K ,,,+23.943.

Similarly, the correlational dependence of
water saturation coefficient and clay fraction
of productive reservoirs in Qirmaky suite (QD-
1, QD-2, QD-3, QD-4) was also established
for well 2 (Fig. 6). Based on analysis of the
figure we may infer the existence of good and
inverse correlation between these two param-
eters characterised by r=0.5 coefficient and
regression equation K, =—0.8244K clay.+69'324‘

Within the framework of this study we have
also established correlational dependence be-
tween water saturation and effective porosity
coefficients for reservoir layers in Qirmaky
suite for well 1 in Balakhany field (Fig. 7).

Fig. 7 makes it possible to infer the exis-
tence of weak correlation r=0.4886 between
coefficients of water saturation and effec-

KWot.’ %
80
70 Kor, =.0'8244KV°1 +269’324
60 o L
50 . -,.-‘..-‘.‘....A,.._,.‘.ﬂ.“‘.A.A.A..V.,....‘. %
50 : o e &
30
20
10
0

15 20 25 30 35 40
Kvol' %

Fig. 6. Correlational dependence between water satura-
tion coefficient and clay fraction coefficient evaluated
for Qirmaky suite (QD-1, QD-2, QD-3, QD-4) for well
2 in Balakhany field.
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Fig. 7. Correlational dependence between water satura-
tion coefficient and effective porosity coefficient evalu-
ated for Qirmaky suite (QD-1, QD-2, QD-3, QD-4), well
1 in Balakhany field.

tive porosity of Qirmaky suite. The correla-
tion is described by regression equation K=
=—1.9713K ¢ 0, 186.901.

In a similar way, we have established cor-
relational dependence between water satu-
ration and effective porosity coefficients for
productive reservoir layers of Qirmaky suite
(QD-1, QD-2, QD-3, QD-4) in section of well
2 in the study area (Fig. 8).

The bar graph was drawn for permeability
coefficient variation through studied reser-
voirs in Qirmaky suite (QD-1, QD-2, QD-3,
QD-4) by use of sections of wells condition-
allymarked as 1, 2, 3 and 4 in Balakhany field
(Fig. 9).

It can be seen from the figure that the high-
est value of permeability coefficient in section
of well 1 is within layer 17 and its value is
1016 mD, the lowest value is 194 mD within
layer 12, the highest value of permeability co-
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Fig. 8. Correlational dependence between water satu-
ration and effective porosity coefficients, evaluated for
Qirmaky suite (QD-1, QD-2, QD-3, QD-4), well 2 in
Balakhany field.
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Fig. 9. Permeability variation through reservoir layers of Qirmaky suite (QD-1, QD-2,QD-3, QD-4), Balakhany field.

efficient in section of well 2 is within layer 7
and its value here is 684 mD, while the lowest
value 361 mD is within layer 1. The highest
value of permeability coefficient in section
of well 3 is within the layer 12 and its value is
259 mD, while the lowest value is 5.5 mD in
the layer 3. For well 4 the highest value of per-
meability coefficient is 971 mD within layer
10, and the lowest value is 298 mD, observed
within layer 2. Thus, of 17 layers studied in
section of well 1, the layer 17 is the one with
best permeability while the other 16 layers are
with good permeability; all 17 layers studied
in well 2 are featured by good permeability;
in section of well 3 the layer 3 is characterised
by poor permeability, layers 6, 7 and 14 by
average permeability while the other thirteen
layers are described as having good perme-
ability; all 12 layers studied in section of well
4 can be described as reservoirs with good
permeability. The Table 3 displays average
values of porosity, clay fraction and oil satura-
tion, evaluated for the studied reservoir layers
by use of various methodological approaches
and equations [Kerimova, Aliyev, 2022].

By use of values indicated in the Table 3we
have designed spatial models of petrophysi-
cal parameters variation through the layers
(Fig. 10—12).

According to the 3D model reflecting po-
rosity variation in reservoirs of Qirmaky suite
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@

Fig. 10. 3D model displaying porosity variation in Pro-
ductive Series in sections of wells 1, 2, 3 and 4 in Bal-
akhany field.

Oil-gas saturation

—

Fig. 11. 3D model displaying variation of oil and gas
saturation coefficient in Productive Series in sections
of wells 1, 2, 3 and 4 in Balakhany field.
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Fig. 12. 3D model displaying variation of reservoir
properties in Productive Series for wells 1, 2, 3 and 4
in Balakhany field.

(QD-1, QD-2, QD-3, QD-4) of Productive Se-
ries, the average porosity value in section of
well 1 is 20 %, in well 2 is 18 %, in well 3 is
18.5 % and in well 4 it is 20.5 % respectively
(Fig. 10).

Fig. 11 shows the model of variation of
oil and gas saturation coefficient. From 3D
model it can be seen that the average value of
oil and gas saturation in Qirmaky suite (QD
(QD-1, QD-2, QD-3, QD-4)) in the section of
well 11is 29.25 %, while this value increases for
well 2 up to 55.75 %, for well 3 that is 49.25 %
and for well 4 is 50.75 % respectively.

Fig. 12 displays the model of clay fraction
variation across the studied wells. According
to 3D model the average value of the bulk clay
in Qirmaky suite (QD (QD-1, QD-2, QD-3,
QD-4))in well 1is 33.5 %, in well 2 is 31.25 %,
in well 3 is 29.25 % and in well 4 the value is
32.25 % respectively. Analysis of clay fraction
values in studied well sections makes it pos-
sible to infer that the lithology of Qirmaky
suite consists of sand, aleurolite and clay. The
3D model clearly shows the highest clay pres-
ence in Qirmaky suite.

Conclusion. The following are the conclu-
sions made in our study:

1. The values of permeability, clay fraction,
porosity and oil and gas saturation have been
evaluated by use of well data from Balakhany
field. In section of well 1 (wells are numbered
conditionally for this study) the oil and gas
presence is observed in 5 layers out of 17 and
the water presence isin 12 layers; in well 2 the

oil and gas presence is observed in 15 layers
and water in 2 layers; in section of well 3, the
oil and gas presence is observed in 22 lay-
ers while water is identified in 8 layers; 9 of
12 layers in well 4 are with oil and gas pres-
ence while 3 layers were evaluated as water
reservoirs.

2. The correlational dependences have
been established between water saturation
coefficient and effective porosity, water satu-
ration coefficient and clay fraction, effective
porosity and permeability for reservoir layers
of Qirmaky suite in wells 1 and 2 in Balakhany
field. The appropriate regression equations
have also been established.

3. Bar graph of variation of permeability
coefficient through layers have been drawn
for Qirmaky suite (QD-1, QD-2, QD-3, QD-
4) for wells 1, 2, 3 and 4 drilled in Balakhany
field. According to the permeability coeffi-
cient:

—of 17 layers studied in section of well 1
the layer 17 is only one with very good perme-
ability, the other 16 layers are of good perme-
ability;

— all 17 layers studied in well 2 are with
good permeability characteristics;

—of 17 layers studied in well 3 the layer 3
is of poor permeability while layers 6, 7 and
14 are featured by average permeability, the
other thirteen layers are of good permeability;

—all 12 ]layers analyzed in section of well 4
have good permeability.

1. Based on gathered data the 3D models
of porosity, oil-gas saturation and porosity
have been designed by use of Petrel software.
According these models, the average poros-
ity value in section of well 1 is 20 %, in well
2 1is 18 %, in well 3 is 18.5 % and in well 4 is
20.5 % respectively. The average value of oil
and gas saturation in well 1 is 29.25 %, in well
2 1is 55.75 %, in well 3 is 49.25 % and in well
4 is 50.75 % respectively. The average value
of clay fraction in well 1 is 33.5 %, in well 2 is
31.25 %, in well 3 is 29.25 % and in well 4 is
32.25 % respectively. The clay fraction values
make the basis to infer the lithology consist-
ing of sand, aleurolite and clay in Qirmaky
layer in wells studied in Balakhany field.
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AOCAIAKeHHS TeTPOo(i3nYHNUX BAACTUBOCTEN
BiAKAQAIB IPOAYKTUBHOI TOBIIi
Ha IMiACTaBi KOMIIAEKCY CBEPAAOBUHHUX AAHUX

K.A. KepimoBa, 2023

A3zepOalip)KaHCHhKUHN Aep KaBHUM yHiBepcuTeT Ha(pTH Ta IIPOMUCAOBOCTI,
Baky, AzepbaripkaHcbKa PecriyOaika

OcTaHHIMU POKaMU PO3BUTOK ICHYIOUMX reO(Pi3NYHUX METOAIB 3yMOBUB PO3ILINPEHHSA
KOAQ 3aBAAHb, BUPIIIYyBAHUX 3a AOTIOMOT'OO IIbOTO KOMIIA@KCY IHCTPYMEHTIB. 3 BUKOPUC-
TaHHSAM HassBHOI'O HaOOPY IHCTPYMEHTIB BUBUAIOTHCS OCHOBHI 3aBAQHHS, TaKi IK BUBYEHHS
AITOAOTII B TEOAOTIUHOMY PO3Pi3i, KOPEAIid, OLiHIOBAHHSA HACUYEHOCTI, IOPUCTOCTI, IIPO-
HUKHOCTI, TAMHUCTOI (PPaKIiil Ta OKOHTYPIOBAHHSA HA(PTOra30HaCUYEHUX | BOAOHACUYEHUX
urapiB. YCKAQAHEHHS, 110 BUHUKAIOTH IIiA YaC BUPILNIEHHS [UX 3aBAAHb, 0e3110CepeAHbO
3aA€e’KaTh Bip IeTPOdi3NYHUX ITapaMeTpPiB IIAACTIB-KOAeKTOPiB. Hanpukaaa, OAU3BKI 3HA-
YeHHSI IUTOMOI'O OIIOPY B HAa(PTOBUX Ta BOAOHOCHUX IIAACTAX IIPU3BOASTH AO BUCOKOI'O
3HAQUEHHS TAMHMCTOI (PpaKIlil Ta 3MIHUA MOPUCTOCTI B IIMPOKUX MeXKaX, 10 YCKAAAHIOE
BUAIAEHHS HA(PTOHOCHOTO Ta BOAOHOCHOT'O IMAACTIB. Mi>K TUM BIAOMO, 110 30iABIIEHHS
KIABKOCTI I1eMeHTYI0U0l TAUHU B KOAEKTOPaX BUKAMKAE 3MeHIIeHHs nopuctocTi (K
i 30IABIIEHHS 3aANUIIIKOBOI BOAOHACUYEHOCTI.

CraTTsl IpUCBsiueHa TOOYAOBI MOAEA€EH, 1110 BU3HAUYalOTh B3a€EMO3B' 130K MiK IIeTpo-
(pi3MUHUMU [TapaMeTPaMy IIAACTiB-KOAEKTOPIB 3 BUKOPUCTAHHSAM IHTEIPOBAHUX CBEPA-
AOBUHHUX AQHUX Ta NOOYAOBI PiBHAHB perpecii 3 BAKOPUCTAHHAM CTATUCTUYHOI'O PO3-
MOAIAY IIMX ITapaMeTpiB. Y paMKax AOCAIAKEHHS IIOOYAOBAHO MOAEAL 3MIHU IIOPUCTOCTI,
IIPOHUKHOCTI, TAMHUCTOI (ppakiiii Ta HahTOra3oHaCUYEHOCTI II0 PO3Pi3axX CBEPAAOBHUH. 3a
LIUMU MOAEASIMU OLIIHEHO (PIABTPAIliMHO-€MHICHI XapaKTE€PUCTUKU, BUSIBACHO KOPEASIIiI0
MiXK IeTpo(i3uYHUMHU ITapaMeTpPaMu IIAACTIB-KOAEKTOPIB 1 OTPUMAHO BIAOMOCTI PO 1e
poaosuitie. IToOyaoBaHO ricrorpamy 3MiHM KoeilieHTa IPOHUKHOCTI KOAGKTOPIB KipMa-
KiHcbkoi cBiT (KC-1, KC-2, KC-3, KC-4) 3a po3pizaMu CBEpAAOBUH, YMOBHO ITO3HAYEHUX
aK 1—4 y poposuii baraxanu.

AHani3 TOOYAOBAHUX IiCTOrPaM A@B 3MOI'y KAACU(IKYyBaTH AOCAIAJKEHI IIapy KOAEK-
TOPY 3a IXHBOIO IPOHUKHICTIO. OTXKe, i3 17 mapis, AOCAAKEHUX y PO3Pi3i CB. 1, TIABKHU
17-11 mrap Mae Ay>ke XOpOIIy IPOHUKHICTh, pellTa 16 mapiB — XOpOIly IPOHUKHICT;
Bci 17 mapiB po3pi3y CBEPAAOBUHM 2 MAIOTh XOPOIIl XapaKTEePUCTUKU IIPOHUKHOCTI; ¥
pO3pi3i CBepAAOBUHU 3 Iap 3 Ma€ IIOra’y IIPOHUKHICTD, TOAL K 11apu 6, 71 14 xapakTe-
PU3YIOTBCSA CEPEAHBOIO IIPOHUKHICTIO, pemTa 13 IAacTiB MatOTh XOPOILY IPOHUKHICTD;
BCl 12 mpoaHaAi30BaHUX MAACTIB Y PO3Pi3i CBEPAAOBUHM 4 MAIOTh XOPOILY IIPOHUKHICTb.

O6'exTOM BUBYEHHS € KipMakiHcbKa cBiTa (KC-1, KC-2, KC-3, KC-4) npoAyKTUBHOT
TOBIII popoBulla baraxanu.

KAr04oBi caroBa: BOAOHACUUEHICTb, TPOHUKHICTL, e(peKTUBHA MTOPUCTICTh, 00'€MHa
TAVHUCTICTB, PIBHAHHSA perpecii, nerpodiznyHa MOAEAD.

nop.)
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