FEOJOrIS. 4(99)/2022

~31~

UDC 593.98
DOI: http://doi.org/10.17721/1728-2713.99.04

S. Gahramanli,
E-mail: sevilgahramanli1965@gmail.com;

Institute of Oil and Gas of Azerbaijan National Academy of Sciences,

9, F. Amirov Str., Baku, Azerbaijan

RESULTS OF GEOPHYSICAL MONITORING OF THE DEVELOPMENT
OF THE HORIZON PK-2 OF THE PODKIRMAKINSKY SUITE OF THE NEFT DASHLARY FIELD

(npedcmaeneHo 4neHoMm pedakuyiliHoi Koneaii 0-pom 2eos. Hayk, npog. O.M. KapneHkom)

The article is devoted to the study of the current state of development of the second horizon of the Podkirmakinsky suite (PK-2) of the
Productive stratum (PS) of the Neft Dashlary field, which has been in operation for more than 60 years.

The results of the study by the method of complex areal interpretation of geophysical survey data of wells and geological and field
information are presented. Three-dimensional geo models, built on the basis of petrophysical parameters obtained after the interpretation
of geophysical and geological data using the DV Seys Geo program are given in the article.

The results of the analysis of the state of water impact are presented, the values of the oil saturation factor during well drilling are
summarized, the values of the current oil saturation factor are calculated taking into account the extraction of oil, the results of studying
the nature of saturation of reservoirs in the context of production wells by the method of pulsed neutron logging (PNL), as well as a
comparative analysis of these values along the horizon PK-2 of the PS of the Neft Dashlary field.
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Introduction. In the 1950-1960s, in the oil industry sys-
tem of Azerbaijan and in the former Soviet Union, taking
economic factors as a basis, when developing oil deposits,
there was a tendency to combine several interlayers with dif-
ferent hydrodynamic characteristics and reservoir properties
into a single object. For this reason, the coverage of the pro-
ductive section by active development has significantly de-
creased (Alizade et al., 1985; Alikhanov, 1964).

Consequently, science and industry faced the issue of
geological and technological solutions, in order to involve
the entire productive section in the active development. In
this regard, the issue of determining the operational charac-
teristics of interlayers included in a single development ob-
ject was acute in order to increase their ultimate oil recovery.

The solution of these problems required the creation of
an information base on the state of their development for in-
dividual wells and for the object as a whole (Gadzhiev, 2012;
Zhemzhurova et al., 2012).

Against the background of the intensification of the use
of an effective development system, methods of intensifying
oil production, and methods of influencing the reservoir at
various stages of development, a comprehensive areal in-
terpretation of geophysical, hydrodynamic, and geological
and field information remained in the shade. In contrast to
previous years, in recent years, the volume of studies of
wells and reservoirs by geophysical and hydrodynamic
methods has significantly increased in order to study the dy-
namic process taking place in the development object.

However, the effectiveness of such studies should not
be limited to the collection of information on wells to create
various methods and improve the complexity of well and res-
ervoir studies. Their usefulness is determined by the use of
the obtained results of well surveys in the control of the de-
velopment and during the issuance of sound recommenda-
tions for the regulation of this process.

Among such studies, the most important place is occu-
pied by field geophysical and hydrodynamic methods to de-
termine the nature of reservoir saturation, providing tracking
of the dynamic process at various stages of oil and gas field
development (Lebedev et al., 1976).

The complexity of the geological structure, the heteroge-
neity of productive formations, the multilayer nature of de-
velopment objects, the change in the modes of oil extraction
and water injection into the reservoir, and the
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underestimation of the structural features and properties of
the deposit, lead to incomparability of the calculated and ac-
tual development indicators.

In the long-term practice of developing multi-layer oil
fields, there has been a certain disproportion between the
study of the process and the accumulation of information on
wells with graphical constructions reflecting the state of de-
velopment of the object in which this process takes place,
based on a comprehensive areal interpretation of geophysi-
cal and geological field data from good studies.

The object of study. All these above-mentioned prob-
lems are typical for all multilayer and complex geological
structure oil and gas fields, including the Podkirmakinsky
(PK) suite, as well as the horizon PK-2 of the Productive
stratum (PS) of the Neft Dashlary field in the South Caspian
Basin, which is an object of our research.

The Neft Dashlari field was discovered in 1949 and has
been developed since 1950. For more than 70 years, the
productive facilities of the PK suite of the PS, where the main
oil reserves are concentrated, have also been in operation.
The PK Formation is represented by four horizons: PK-1v,
PK-1, PK-2, and PK-3.

The Neft Dashlari field has a complex geological struc-
ture and in tectonic terms this field is an asymmetric brachi-
anticline, complicated by numerous faults, dividing it into
6 tectonic blocks.

The oil content is confined to the PS deposits of the Mid-
dle Pliocene, among which the object of study PK-3 is litho-
logically represented by a member of gray sands and
sandstones. Clay layers make up to 30% of the object's
thickness; clays are highly sandy. The apparent resistivity
values reach 100-200 Ohm-m and are characterized by a
well-differentiated PS curve (well potential). Sand content is
70% and decreases from the arch to the wings. Oil-bearing
horizons are established in all tectonic blocks.

The object of study is the second horizon of the Podkir-
makinsky suite (PK-2) of the Productive stratum of the Neft
Dasbhlary field, which has been in operation since 1950 (Fig. 1).

Due to the tectonic pressure that took place in the area
of the deposit, it was divided into 6 blocks by longitudinal and
transverse faults. Each of them went into active develop-
ment, ranging from 1-7 to years. With the exception of block
1a, which began operation in 1977.
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Fig. 1. Development map of the Neft Dashlary field

During operation, in all tectonic blocks out of 841 drilled wells,
the horizon PK-2 was penetrated in the section of 465 wells.

Study of the object of research and analysis of the re-
sults. The study of the current state of the development of
PK-2 by the method of complex areal interpretation and the
DV-Seys Geo program was carried out according to the log-
ging data of the values of petrophysical parameters in the
section of 465 wells.

The resulting values of porosity and oil saturation of the
PK-2 reservoirs are analyzed and generalized for tectonic
blocks and their geomodels are built.

According to the interpretation, the values of reservoir po-
rosity vary between 16-32%, where the average value is 24%.
At the same time, a significant oil-saturated area is character-
ized by a reservoir porosity value in the range of 20-25%, and
a certain part of the area is represented by reservoirs with a
porosity of less than 20%. This is well observed in the first
constructed geomodels of porosity, shown in Fig. 2.

Of considerable interest are the results of the interpreta-
tion of well logging data to determine the values of oil satu-
ration of reservoirs by the time of drilling wells. After
summarizing the interpretation results, the oil saturation val-
ues were grouped. The first group includes collectors with a
value of up to 0.6, the second — with a value from 0.601 to
0.7, and the third — with more than 0.7. For wells with deter-
mining oil saturation values, for the first time, a geomodel
was built, shown in Fig. 3, which clearly illustrates the
changes in values over the area of the object of study.

In the next stage, the study of the current state of the de-
velopment of oil reserves for PK-2 was carried out. To do this,
we used method of complex areal interpretation of geological
and field information on oil extraction, taking into account the
phased perforation of the object and GWS data (geophysical
well survey), accumulated during the control of development
in the section of wells, the values of the coefficient of residual
oil saturation of reservoirs from the initial one, taking into ac-
count oil production at the time of the analysis.
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Based on the results of the generalization of the obtained
values about the current oil saturation of reservoirs, a geo-
model was built for the first time (Fig. 4). In recent years, in
the context of a temporarily stopped production well at the
horizon PK-2, in order to determine the value of the current
oil saturation, studies were carried out using the PNNL
method (pulse-neutron-neutron logging).

After interpreting the PNNL materials, the actual values
of oil saturation were compared with the values of the current
oil saturation, determined by calculation as a result of a com-
prehensive areal interpretation of well logging data and geo-
logical and field information, taking into account oil recovery.
The results of these comparisons are presented in Table 1.

As it can be seen from the geomodel and presented in
Table 1, compiled on the basis of the actual results of well
surveys using the PNL method (pulsed neutron-neutron
logging), there is a very good convergence of these values,
thus showing the real resolving capabilities of the method
of integrated areal interpretation of geophysical and geo-
logical and field information for the study of the develop-
ment process of the object.

Horizon PK-2 of the PS, mainly except the first, is being
developed in all tectonic blocks. Active development of the
object is observed in the Il and V tectonic blocks. The pace
is somewhat lower in blocks Il and IV. The process is going
on passively in the tectonic block la.

During the period of water impact on 5 injection wells, a
total of 4716 thousand m® of water was pumped. Injected
water flooded 122 thousand m3, where the flooding coverage
of the entire oil-saturated area is 4%.

Limiting itself to a detailed description of the state of de-
velopment of the PK-2 of the PS for tectonic block I, the re-
sults of the remaining blocks are presented in Table 2. |
would like to note that, in general, the methodological ap-
proach to studying the current state is presented with more
objective information when evaluating the development pro-
cess based on actual data of petrophysical parameters and
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dynamic processes associated with oil recovery, from the a high oil recovery factor of the object when extracting the
applied technological methods of operation and impact. residual reserve.

As a result, the results of the analysis provide more sci- The initial balance oil reserve was calculated based on
entifically based information and direction for improving and an in-depth analysis of the state of development using up-
regulating the development process of the object, achieving dated data on the PK-2 of the PS horizon within the oil-satu-

rated area.
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Fig. 4. Geomodel of current oil saturation change
Table 1

Comparison of oil saturation values of reservoirs, the study by the methods of PNNL and integrated areal
interpretation of electrical logging data for wells of the PK-2 PT horizon of the Neft Dashlary field

Tectonic Well Ne Date of the study Oil'-saturated ) In'tensity Oil saturatlo;yv:(l)u;:lglxc;::;tilstr:::;er\tgzon
block by the PNNL method interval in imp/min By PNNL of EL data (electrical logging)

If 1715 28/01/1984 473-488 616 0.5 0.48
If 2059 17/02/1984 377-408 849 0.65 0.57
Ild 108 22/04/1985 915-920 886 0.67 0.61
Ild 141 10/07/1987 1009-1029 445 0.36 0.42
Ild 1563 15/08/1984 589-639 1617 0.78 0.69
Iid 1589 23/08/1986 1110-1141 976 0.69 0.64
Ild 2027 10/04/1985 625-640 568 0.46 0.48
lle 61 22/03/1987 641-658 597 0.49 0.42
IIf 1837 07/07/1984 1136-1161 1068 0.82 0.79
IIf 1839 18/06/1985 985-1000 802 0.71 0.65
IIf 1840 07/06/1984 1050-1086 1392 0.75 0.71
lig 2257 05/03/1984 474-486 1760 0.8 0.76
IIh 2007 18/04/1984 997-1032 1455 0.76 0.68
11k 1832 04/11/1988 1058-1075 1921 0.82 0.74
11k 1833 13/09/1984 1139-1159 1607 0.78 0.7
Ik 1836 03/10/1984 919-934 1603 0.78 0.75
Va 2313 15/04/1990 1864-1910 1030 0.7 0.65
Vd 1736 22/08/1985 1066-1104 1964 0.83 0.8
Vd 1810 13/10/1987 1110-1139 396 0.32 0.36
vd 2274 13/08/1986 1314-1360 795 0.71 0.72
Vn 2172 30/07/1987 1711-1730 898 0.67 0.67

Table 2

Summary indicators of summarizing the results of the study by the method of integrated areal interpretation of geophysical
data from wells of the state of development of the horizon PK-2 of the Neft Dashlary field

Number of wells  [Thickness (m) - . r k. -
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la |MK-2| 120 5 1 1 - | 13.8 16 [ 0.21 | 0.686 | 0.9 | 213 12 - 10,056 | 0.85| 201 - -
11 |MK-2| 3020 | 151 | 50 2 5 10.5 13 0.27 | 0.776 | 0.9 | 5823 | 3657 | 4716 | 0,628 | 0.89 | 2166 | 122 4
Il [MK-2| 1050 | 65 | 47 | 1 2 | 234 26 | 0.24 | 0.738 | 0.9 | 3894 | 1696 | 3499 | 0,436 | 0.89 | 2198 | 350 | 33
IV [MK-2]| 3000 | 106 | 48 | - | 12 | 14.3 16 [ 0.24 | 0.73 | 0.9 | 6607 | 1954 | 4388 | 0,296 | 0.88 | 4653 | 1057 | 35
V |MK-2| 2970 | 138 | 82 2 13 ] 214 22 0.26 | 0.734 [ 0.9 | 10480 | 7323 | 9975 | 0,699 | 0.91 | 3157 | 650 | 22
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Conclusions. Summarizing the results of studying the state
of development, we can draw the following conclusions:

* Not in all tectonic blocks, the horizon PK-2 is involved
in active development, where the oil recovery factor is: in 12 —
0.5%, in IV — 29.6%, in block V — 69.9%. Block | does not
participate in the selection at all.

* Low flood coverage from injected water, where in |l tectonic
block is 4%, in lll and IV blocks, respectively, 33% and 35%.

* For the first time, geomodels were built for the horizon
PK-2 of the PS using petrophysical parameters: porosity,
initial and current oil saturation.

» Based on the obtained data on the horizon PK-2 of the
PS within the oil-saturated area, the balance oil reserve was
adjusted.
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IHcTuTyT HadTM | rasy HauioHanbHoOI akagemii Hayk AsepGangkaHy,
Byn. ®. AmipoBa, 9, Baky, Asep6angxaH

References

Alizade, A.A., Salaev, S.G., Aliev, A.l. (1985). Scientific assessment of the pro-
spects of oil and gas potential of Azerbaijan and the Southern Caspian Sea and
the direction of prospecting and exploration. Baku: Elm, 248 p. [in Russian]

Alikhanov, E.N. (1964). Oil and gas fields of the Caspian Sea. Baku:
Azerneft, 383 p. [in Russian]

Hajiyev, Ch.A. (2012). An improved method of areal interpretation based on ge-
ophysical and geological field information to assess the state of development of oil
and gas fields. Methodical manual. Baku: Nafta-Press, 17 p. [in Russian]

Zhemzhurova, Z.N., Chekunova, V.A., Chernoglazov, V.N. (2012). Work-
shop on geological and geophysical modeling of oil and gas deposits under
development: textbook. Moscow: Publishing Center of Gubkin Russian State
University of Oil and Gas, 206 p. [in Russian]

Lebedev, L.I., Kulakova, L.S. (1976). Geological structure and oil and gas po-
tential of the platform part of the Caspian Sea. Moscow: Nauka, 127 p. [in Russian]

Hapinwna go peakonerii 28.05.22

PE3YJIbTATU FEO®I3UYHOIO MOHITOPUHIY PO3POBJIEHHA FOPU3OHTY MNK-2 NIAKUPMAKIHCBKOI CBITU
POOOBULLUA HA®TU OALLUINTAPU

lMpucesiyeHo eugYeHHO MOMOYHO20 cmaHy po3pobrieHHs1 dpyz2o020 2opu3zoHmy [lidkupmakiHcbkoi ceimu (MK-2) npodykmueHoi moewii (I1T)
podosuua Hagpmu Jawnapu, ujo nepebyesae 6inbw Hix y 60-piyrHil ekcrnyamauii.

HaeedeHo pe3ynbmamu eue4yeHHs MemoOOM KOMIUIEKCHOI MiOWUHHOI iHmepnpemayii 0aHux 2eogizuyHux OociokeHb ceepdsio8UH ma
2eo0s1020-npomucioeoi iHgphopmayii. OnucaHo mpusumipHi 2eomoderni, No6ydoesaHi 3a nempogisu4HUMU Napamempamu, ompuMaHumu nicnsi iHmep-
npemauii Mamepiasnie 2eoghisu4dHux i 2eo/1020-npomucsiosux daHux 3a npozpamoro DV Seys Geo. [IpedcmaeneHo pe3ynbmamu aHanizy cmaHy eo0-
HO20 8nusy, y3a2aslbHEeHO 3Ha4YeHHs1 KoeghiyieHma HaghmoHacu4yeHocmi npu 6ypiHHI ceepO/108UH, PO3pPaxo8aHO 3Ha4YeHHS KoeghiyieHma nomoYHoi
HagpbmoHacu4eHocmi 3 ypaxyeaHHsIM 8i060py Haghmu, HasedOeHO pe3y/ribmamu 8Uu84YeHHs1 MemoAoM iMMysIbCHO20 HelimpoH-HelUMmpPoOHHO20 Kapo-
may xapakmepy Hacu4eHHs1 KosieKmopie y po3pi3i sudobysHux ceepdnosuH no 2opuzoHmy [1K-2 MT podosuw,a Jawnapu.

Knrouoei cnoea: podosuwie, 20pu3oHm, kosiekmop, AocnioxeHHsl, po3pobrieHHs, nowa, iHmepnpemayisi, nopucmicms, HagpmoHacu4eHicmb,
2eomoderb.
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