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The article discusses the effectiveness of the Martos method and the statistical method for
predicting oil recovery factor using the example of the X field. Today's values of oil recovery factors
(ORF) for Triassic horizons were determined taking into account the active water pressure regime
with artificial maintenance of reservoir pressure (RPM) and the drilling of 16 new production wells.
This approach required a revision of ORF values due to the transition to natural reservoir development
and the cessation of maintaining reservoir pressure by water injection. The failure to drill new wells
has also had a significant impact on ORF.

At current production, when 44.7% of the field's reserves have been extracted, and taking into
account the remaining reserves, the development period of the field will not exceed 42 years.

It is also planned to increase the number of hydraulic engineering measures to expand drainage
zones and involve additional reserves in development.

Having compared the two methods for calculating ORF, we can conclude that although V.N.
Martos’ method is based on reservoir parameters, and the statistical method uses historical data, the
results of their calculations differ slightly.

KEY WORDS: deposit, deposit, water pressure regime, reservoir pressure maintenance, water
injection.
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'COTBAEB YHUBEPCUTETI,
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Makanada Mapmoc adiciHiH muimdiniei xoHe X KeH OpHbIHbIH MbicarnbiHOa KUH-Hbi 60r1-
XKaydblH cmamucmukarbiK 80iCi KapacmablpbliifaH.mpuac 20pu3oHmmapbl ywiH MyHal eHOipy
koagppuyueHnmmepiHid (KUH) 6yaiHai moHOepi kabammbiK KbicbiMObl (PPD) xacaHOb!I Kondad-
mbIH 6ericeHOi cy KbIChbIMbI PEXUMIH XoHe 16 xaHa eHOipywi yHFbiManapob! byprbinayobl ecke-
pe ombipbin aHbiKmanobl. byn macin maburu pexumde KeH opbIHOapbIH U2epyae Kelyae XoHe
cy auday apkblnibl Kabam KbiCbIMbIH yYcmarn mypyObl mokmamyra batinaHbicmbl KUH maHAepiH
Kalima KapayObl manan emmi. KaHa yHrbiManapOb! OyprbinaydaH bac mapmy KuHee de atimap-
nibikmat ecep emmi.

ArbiMOarbl 6HOIpYy Ke3iHOe, KeH OpHbI KopriapbiHbiH 44,7% -bi anbiHFaH Ke30e XoHe KanoblK
KopriapObl eCKepe OmbIPbir, KEH OPHbIH U2epy Ke3eHi 42 xbirndaH acralobl.

CoHOali-ak OpeHax aliMakmapbiH KeHelimy XoHe uzepyae KocbiMuia Kopriapobl mapmy ywiH
2uGpomexHuUKarbIK ic-uapanap caHbiH yrraimy ke3desneoi.
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Kun ecenmeydiH eki 8diciH canbicmbipa ombipbin, B.H. Mapmoc adicmemeci konnekmopOobiH
napamempriepiHe Heeiz0enzeHiMeH xoHe cmamucmukarbik 90ic mapuxu 0epekmepdi KondaHra-
HbIMeH, onaplbiH ecernmey Hamuxenepi asdan e3zepedi deaeH KOPbIMbIHObI acayra 60/1adkb!.

TYWIH CO3EP: KeH OpHbI, KEH OPHbI, CY KbIChbIMbI PEXUMI, Kabam KbICbIMbIH ycmar mypy,
cy auoday.
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Paccmampusaemcs agpcbekmusHocmb Mmemoda Mapmoca u cmamucmuyeckull Memod Orisi
lNpozHasuposaHue KNH Ha npumepe mecmopoxdeHus X. Ce200HAWHUE 3Ha4YeHUs1 Koaghgpuyu-
eHmos Hegpmeu3senedeHusi (KWH) dns mpuacosbix eopu3oHmos 6binu onpederieHsl ¢ y4emom
aKkmugHo20 8000HANOPHO20 PEXUMa C UCKYCCMBEHHbIM noddepxaHueM rnaacmoeoeo 0asneHus
(M) u 6ypeHus 16 Hosbix Aobbisarowux cKk8axxuH. dmom nodxo0 mpeboesarsn nepecmompa 3Ha-
yeHuli KNH us-3a nepexoda Ha pa3pabomky 3anexel Ha ecmecmeeHHOM pexume U npekpauwie-
Hus1 noddepaHus rnacmoeoeo 0asrneHus 3akadkol 800bl. Omka3 om bypeHUst HOBbIX CK8aXXUH
makxxe cywecmeeHHo noenusn Ha KVH.

lpu mekyuweli 0obbidve, koeda ussnedyeHo 44,7% 3anaco8 MecmopoxX0eHUs, U C y4emom ocma-
MOYHbIX 3anacos, nepuod paspabomku Mecmopoxo0eHus He rpesbicum 42 nem.

lMpedycmampusaemcs makxe ysenudyeHue Konudecmaa 2uOpomexHUYECKUX Meponpusimud
01151 pacuwupeHusi 30H OPEHUPOBaHUST U 808rie4eHUs1 OOMOTHUMEbHbIX 3arnacos 8 pa3pabomky.

CpasHue dsa memoda pacyema KVH, moxHO cOenamb 6bi800, Ymo xomsi Memoduka B. H.
Mapmoca ocHosaHa Ha napamempax Kosiiekmopa, a cmamucmuyecKkuli Memod Ucrosib3yem ucmo-
puydeckue OaHHble, pe3yrbmamal UX pacyemos He3Ha4YUMerbHO pasfiuyaromcs.

KITIOYEBBIE CJTOBA: mecmopoxdeHue, 3anexb, 6000HaNOPHbIU pexxum, noddepxxaHue rnna-
€mo8o20o daerieHusi, 3akayka 800hbl.

developed fields is comparable to the discovery of new fields, so this problem is
important for all oil-producing countries in the world.

To effectively extract hard-to-reach oil reserves, it is necessary to have a reliable
physical and geological knowledge base that will allow you to assess the production
capabilities of productive formations. This will also allow for informed selection and
systematic improvement of development methods, enhanced oil recovery technologies and
enhanced oil recovery (EOR) methods that are most suitable for specific types of fields.

The choice of the X deposit as the main objects of research in this work is not
accidental. Firstly, the site is characterized by a complex geological structure and high

ntroduction. The increase in the efficiency of oil extraction from actively
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heterogeneity, being a multi-block field. Secondly, the field is at the third stage of
development. Thirdly, the reservoir pressure maintenance system was canceled at the
site due to geological problems. Fourthly, the experience of many years of developing
oil deposits and reservoirs using intensification technologies and increasing development
efficiency is valuable.

Hard-to-recover reserves (HTR) of oil and gas - reserves of fields, deposits or
individual parts thereof, characterized by geological conditions of oil occurrence and
(or) its physical properties that are relatively unfavorable for extraction (concentrated in
deposits with low-permeability reservoirs and viscous oil).

In general, the production of hard-to-recover oils is one of the main tasks of the
modern oil industry, in which scientific, analytical and engineering approaches are used
to identify the most effective and cost-effective method for increasing oil recovery for a
specific well. Of all the variety of problems in the extraction of hard-to-recover oils, in
my dissertation I will analyze the problem of a geological nature. Low porosity and low
permeability of rocks in burial conditions.

At the X deposit, exploratory drilling began in 1985 and was discovered in 1986. The
first information about the geological structure of the structure was obtained as a result of
seismic CDP studies in combination with structural drilling. The discoverer of the field
is well Nel, in which the oil and gas potential of Triassic deposits was established. The
oil flow rate during testing of the T-I horizon was 25 m*/day. Exploratory drilling in the
Triassic section identified six productive horizons.

Current reserve production is 44.7% of the initial recoverable reserves, while the
approved design oil recovery factor (ORF) of Triassic horizons was calculated for a
development system in active water-pressure mode with artificial RPM and drilling of 16
new production wells. As a result, the current transition to the development of deposits
in a natural mode requires a revision of the approved oil recovery factors, based on
recalculated recoverable reserves. In my dissertation, I will calculate the oil recovery
coefficient using the statistical method and the method of the scientist V. Martos, and at
the end I will conduct a comparison analysis [1-3].
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Figure 1— Dynamics of key development indicators for the site as a whole
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The salt dome in the study area is characterized by an isometric structure and is
complicated by two cornices (Fig. ). In the southeast of the area, in the area of the North
Kotyrtas field, the presence of a cornice was confirmed by drilling [4]. Wells NeNe14 and
29, after opening the salt strata with a thickness of 874 m and 1042 m, respectively, passed
about 1000 m through Permian-Triassic terrigenous deposits. According to well logging
data [5-7], sandstones are almost completely absent in the sub-canopy part of the interval
and the prospects for discovering deposits here are very low.
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Figure 2 — Characteristics of the wave field on the work area
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Based on seismic data from 2010, structural constructions were carried out on the
reflecting horizon T2 (the top of the Middle Triassic deposits) and on the top of the
Triassic productive horizons (T-1, T-II, T-III, T-IV, T-V). As a result, the location and
number of disjunctive faults have changed significantly, and in some formations the oil
and gas bearing area has increased compared to data from previous years, which is due
to changes in the geometry of the deposits.

To the east, the uplift is complicated by two extended faults F, and F, with a
southeastern strike, limiting the horst; in this part of the structure, the “T-IV” surface
plunges steeply from an absolute elevation of -1080 m to an absolute elevation of -2250
m over a distance of 2.5 km (Fig. 2, 3). In the south the structure is complicated by a
structural nose.

The structural plans of the productive horizons T-V, T-111, T-II, T-I in plan repeat the
structure of the T-IV horizon, the length, direction and number of faults remain the same,
but the structure takes on a more regular shape, and the extent of tectonic faults in the
western part of the area changes upward (faults F| and F)). In the eastern part, faults (F,
and F)) retain their configuration.

According to drilling data, the position of tectonic disturbances was clarified, low-
amplitude, about 5-10 m faults 5 with a fall to the west and f, and f, with a dip to the south
were identified, which were carried out based on the difference in the OWC elevations.

Figure 3 — Structural map for OG-T2 (top of Middle Triassic deposits)
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In this work, the average values of filtration and reservoir properties and initial oil saturation
were substantiated by core, well logging and well hydrodynamic testing data [8-10].

The initial oil saturation of sand reservoirs was determined by geophysical methods.
The largest number of determinations (241) was made for the T-IV horizon, and the
smallest (5) for the T-VI horizon. The average oil saturation value obtained from well
logging varies from 0.56 to 0.661 units.

The average gas saturation value obtained from well logging varies from 0.55 to
0.674 units.

Analysis of core studies. Basic information about the nature of illumination from core
material and laboratory analyzes of the productive strata was obtained during exploratory
drilling in 21 wells (NeNel, 2, 3,5, 6,7, 10, 11, 13, 14, 19, 20, 21, 22, 23, 24, 25, 36, 37, 38, 40).

In general, 1,502.9 m of core sampling was completed in the field, with linear removal
being 474.05 m or 31.54% of the penetration. Drilling in the productive part is 621.4 m
with core removal of 226.89 m or 36.51% of drilling. A total of 296 core samples were
analyzed for the field, of which 174 samples came from well No22. The productive horizons
[11-15] account for 134 analyzed core samples. Effective capacities are covered by 76
core analyses, of which 63 analyzes are accepted as standard.

Core sampling characteristics are given in Table 1.

Table 1 — Core sampling characteristics

General drilling with core Core sampling in the
samplin roductive part
m\fr\f tl)ler - Refno?al of core - : Remofal of core SJ;ELS C0"22;2‘5 Iiensthe Sst;:dfég
Drilling |~ from drilling rilling from drilling analyzed | productive part .
m m % m m %
1 85 12,5 14,71 14 1,6 11,43 14 - -
2 75 22,85 30,47 1 0,6 60 6 = =
3 92 25,17 27,36 17 5,2 30,59 6 1 -
5 84,9 34 40,05 60 28,4 47,33 6 5 =
6 94 30,65 32,61 17 9,1 53,53 6 = =
7 60 11,25 18,75 29,3 6,95 23,72 17 = 3
10 42 12,8 30,48 15 745 49,67 3 - -
11 70 28,7 41 15 3.8 25,33 9 = =
13 49 14,25 29,08 14 57 40,71 2 1 -
14 53 11,03 20,81 = = = 2 = =
19 46 15,15 32,93 26 8,45 32,50 2 = =
20 40 7,6 19 13 33 25,38 3 1 =
21 55 9,6 17,45 20 3,25 16,25 4 = =
22 262 137,84 | 52,61 1644 83,4 50,73 174 107 53
23 55 15,01 27,29 30 7,26 24,20 2 2 =
24 45 26,7 59,33 30,5 17,9 58,69 5 1 4
25 48 7,07 14,73 15,6 29 18,59 6 = =
36 50 7,025 14,05 30 4,775 15,92 4 1 -
37 91 19,05 20,93 60 11,35 18,92 16 3 3
38 46 9,8 21,30 22,6 5,6 24,78 3 2 -
40 60 16 26,67 27 99 36,67 6 2 =
Total: 1502,9 | 474,05 | 31,54 621,44 226,89 36,51 296 134 63

The complex of studies includes the determination of a standard set of parameters:
mineralogical and volumetric density, open and total porosity, permeability, carbonate
and particle size distribution, oil and water content. In addition, electrical and acoustic
parameters and capillary characteristics of reservoir rocks were determined.
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Integral curves of porosity distribution by class with permeability Kper<ImD and
Kper>1mD were constructed. The intersection of the integral curves determined the
boundary value of porosity equal to 9.8%.

Thus, porosity for deposits was determined by two methods: according to well logging
data and according to the results of core analyses.

Core porosity [16-18] was studied in 1-4 wells on 1-35 samples, permeability was also
studied in 1-4 wells on 2-23 samples. According to well logging, the number of porosity
determinations is 5-251 values. The average values of the porosity coefficient based on
core and well logging data range from 0.20 to 0.28 units. Average porosity coefficient
values for gas-saturated reservoirs range from 0.23-0.285.

Average permeability values determined from core are 17.5-232.5 um?*107, and
according to the results of hydrodynamic studies they vary within 0.5-200 10-3*pm?.

The properties of oil in surface conditions were studied by 142 surface samples
taken from productive horizons: T — 1 sample, T-1 — 7 samples, T-1I — 22 samples, T-11I —
36 samples, T-IV — 68 samples, T-V — 6 samples, 2 samples from jointly selected horizons.

The bulk of the samples characterize the properties of oil from the T-II, T-III and
T-IV horizons. When analyzing the available data on previously collected samples, a
difference is observed in the density values of surface oil within one block in the roof
and printer parts of the structure. Thus, in blocks IV, V, in the roof part of the structure,
relatively lower densities were measured compared to the marginal parts, where the oil
density reaches 0.950 g/cm’. Significant fluctuations in oil properties are associated with
the complex geological structure of deposits, disturbed by faults and in individual wells
in contact with water. To clarify such changes in the fluid system of the field, oil densities
were additionally measured in wells NeNe38, 60, 64, 71, 75, 78, 79, 93, 123, 125, 129,
132, 134, 140. As a result of the measurements, the previously obtained values for the
blocks were confirmed [19-20]. Based on this, the density of separated oil is taken based
on the average values of all samples separately for blocks.

After rejecting incorrect values, surface oils of Triassic horizons are classified in the
following order:

Oil class. According to the average values of sulfur content, oils from all productive
horizons are low-sulfur and belong to class 1 (variation range from 0.29 to 0.60 wt.%)).

Type of oil. Along the horizons, the density of oil varies from particularly light (density
less than 830 kg/m?) to bituminous (density more than 895.0 kg/m?).

Oil group. The content of chloride salts in all samples has not been determined, and
therefore it is not possible to classify them.

The paraffin content in oils across all horizons is found in the range of 0.24-0.89 wt%.

According to ST RK 1347-2005 oil, the above oils are classified as low-paraffin
and paraffinic, low-resin and resinous oils. The yield of fractions boiling up to 300°C for
Triassic oils is 47.1 — 69.5% vol., including up to 200°C the yield of distillates is 24.9 —
40.6% vol.

The maximum level of oil production of 63.4 thousand tons was reached in 1998.
Already next year there is a sharp decline in production by 23%. By 2003, oil production
had decreased to about 18 thousand tons/year and continues to this day. It is worth noting
that in the period from 2010 to 2012 there was an increase in oil production, which is
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associated with the commissioning of 17 new production wells. However, starting from
2013 to 2017, oil production decreased to 15.0 thousand tons. Afterwards, from 2018 to
2021, there is an increase in annual oil production figures. In 2020, 19.0 thousand tons
were produced, which is mainly due to the commissioning of well Ne38 in May 2020 from
abandonment at the [+Returnable facilities; over 8 months of operation, production was
1.7 thousand tons, which is almost 10% of total annual production for 2020. Also, at the
end of 2020, hydraulic fracturing was carried out on two production wells, as a result of
which water was brought up in well Ne109, and oil production in well Ne125 increased by
2-3 times, and additional oil production in three months amounted to 264 tons. In 2021,
oil production remained at the level of the previous year.

The main technological development indicators for objects and for the field are
presented in Figures 4-7.
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Figure 7 — Dynamics of key development indicators for the site as a whole

Development of the X deposit is carried out in accordance with the approved
development analysis. The effectiveness of the implemented development system was
assessed based on an analysis of the current state.

From the analysis it follows that, in general, during the reporting period, the design
and actual indicators are at the same level, the development of the site is carried out in
accordance with the approved project document.

ORF was approved in the “Recalculation of reserves...” as of 07/01/2013. ORF was
approved taking into account the drilling of new production wells and maintaining the
RPM system, however, in mid-2020, injection was stopped, injection wells were put on
hold due to a lack of injectivity due to poor reservoir properties of the Triassic horizons,
which in turn led to a significant decrease in reservoir pressure relative to the initial one
(large reservoir compartmentalization and low sand content), as a result of which achieving
the approved ORF is impossible.
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Methods for calculation of ORF using the Martos method and the statistical
method. It has been proven that the drainage area of each well, depending on the relative
position of neighboring wells and their operating mode, can be replaced in hydrodynamic
calculations by a circle of equal area.

Changes in development indicators: flow rate, pressure, at the bottom and on the
contour of the drainage area, gas factor - can be determined using the method proposed
by M.M. Glagovsky and L.A. Zinovyva [21].

The relationship between flow rate ¢, and pressure drop at a point in time is equal to

2mkh(H, —H,)
a T 1
n ?f = i

Where g, is the well flow rate, m¥/s, k is the formation permeability, m?, 4 is the
formation thickness, m, 7, is the drainage contour radius, m, r,is the well radius, (H; — H,)
is the difference between the generalized Khristianovich function in Pa, at values of pressure
on the contour of the drainage area p, and pressure at the bottom of the well p, in Pa.

Pk Fy(s)
H,—H=| —2—_d
e f = @B®) "

Here Fy(s) = FH is the ratio of the phase permeability for oil to the permeability of
the formation, which is a function of the oil saturation of the vapor space; ;- dynamic
viscosity of oil, depending on pressure, in Pa*s; f — volumetric coefficient, depending

on pressure. a 2 2
Hk _Hc =_?_.(pk_pc) +b(pk'—pc)

qn

FH(Sg) Fp(sc)
_ E@Ru@ PP
Pr—Pr
Fa(sp)  Fy(so)
_ Fa(si)  B@r)ia(®:) S(Pc)uu(n:)p
B (D) (D2) P —DP. .

where s, 5,—are, respectively, the oil saturation of the pores on the contour of the drainage
area and in the well.

Considering that the development of the field is envisaged in a natural mode with
an elastically closed and dissolved gas mode, the method of V.N. Martos was used to
substantiate the oil recovery factor. The V.N. Martos technique is used for fields developed
in an elastic mode with a predominance of dissolved gas. The technological ORF was
calculated using a formula that in turn combines two formulas: ORF in the elastic mode
and OREF in the dissolved gas-dominated mode. The method is based on geological and
physical characteristics and takes into account such indicators as rock compressibility
coefficient, porosity, initial oil saturation, formation oil compressibility coefficient,
saturation coefficient of bound water in rocks, formation water compressibility coefficient,
initial formation pressure, saturation pressure, volumetric coefficient and viscosity of
formation oil at saturation pressure.

HE®Tb 1 TA3 &8> 2024 1 (139) 145



PA3PABOTKA

The calculation results are presented in Table 2.
1. Elastic mode formula=ORF 1.

_ﬁn+nl*(sﬂ*ﬁn+ SB*BB)*(PU _PH)

m=S,
Where
n - OREF in elastic mode, fractions of units.
B, - rock compressibility coefficient, 104, MPa™!
m - porosity, fractions of units
S, - initial oil saturation, fractions of units,
Pu - reservoir oil compressibility coefficient, 104, MPa’!
Se - coefficient of saturation with bound water in rocks, fractions of units.
b - formation water compressibility coefficient, 104, MPa’!
P, - initial reservoir pressure, MPa
P - saturation pressure, MPa
2. Formula for the regime with a predominance of dissolved gas=ORF 2.

»8-=

=

@

g»w*u;; ~ o wn

0.0979 0,1741

. (E) ’ » 503722

«(1—5 Kk
n = 0.418150— = (b 2)joaeu, ) -

..
- OREF in dissolved gas mode, fractions of units.
- porosity, fractions of units
- coefficient of saturation with bound water in rocks, fractions of units.
- volumetric coefficient, fractions of units.
- permeability, pm2
- viscosity of reservoir oil at saturation pressure, mPa-s
- saturation pressure, MPa
injection pressure, MPa
ORF 1+ORF 2=0ORF

Calculation of ORF I object.

1. ORF in elastic mode, fractions of units.

n 0,0140 ORF in elastic mode, fractions of units.
i 51 rock compressibility coefficient, 10 *, MPa™
m 0,25 porosity, fractions of units
So 0,66 initial oil saturation, fractions of units,
ﬁH 19,0 reservoir oil compressibility coefficient, 10 =, MPa™
Sw 0,34 coefficient of saturation with bound water in rocks, fractions of units.
ﬁB 4,35 formation water compressibility coefficient, 10 =#, MPa™
P0 10,8 initial reservoir pressure, MPa
Ps 5,7 saturation pressure, MPa
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2. ORF in dissolved gas mode, fractions of units.

n 0,1043 ORF in dissolved gas mode, fractions of units.
m 0,25 porosity, fractions of units
S, 0,34 coefficient of saturation with bound water in rocks, fractions of units.
b, 1,14 volumetric coefficient, fractions of units.
k 0,007 permeability, pm?
Uy 6,65 viscosity of reservoir oil at saturation pressure, mPa-s
: 5,7 saturation pressure, MPa
P, 58 injection pressure, MPa
3. Final OREF. 0.0140+0.1043=0.118 fraction of units.
Calculation of ORF II object.

1. ORF in elastic mode, fractions of units.
? 0,0160 | - | ORFin elastic mode, fractions of units.
? 4,4 - | rock compressibility coefficient, 10 *, MPa™!
m 0,24 - | porosity, fractions of units
SH 0,62 - | initial oil saturation, fractions of units,
? 20,2 - | reservoir oil compressibility coefficient, 10 =, MPa™
Sw 0,37 - | coefficient of saturation with bound water in rocks, fractions of units.
? 4,35 - | formation water compressibility coefficient, 10 #, MPa™
P0 12,0 - | initial reservoir pressure, MPa
Ps 6,3 - | saturation pressure, MPa

2. ORF in elastic mode, fractions of units.
? 0,1386 - ORF in dissolved gas mode, fractions of units.
m 0,24 - | porosity, fractions of units
S, 0,37 - | coefficient of saturation with bound water in rocks, fractions of units.
b, 1,25 - | volumetric coefficient, fractions of units.
k 0,03 - | permeability, um?
? 1,40 - | viscosity of reservoir oil at saturation pressure, mPa-s
P 6,3 - | saturation pressure, MPa
P 6,4 - | injection pressure, MPa

3. Final ORF. 0,0160+0,1386=0,155

The final indicators of the ORF calculations are presented in the following table 2. The
oil recovery factor for the entire area was determined by a weighted average calculation
through geological reserves.
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Table 2 Estimated values of technological ORF

Object ORF value
I 0,118
Il 0,155
Overall for the area 0,135

ORF calculations using the statistical method and its results.

The second method for calculating ORF is the statistical method. A statistical
approach to the study of oil recovery in order to predict the technological indicators of
the development of fields at different stages of development is widely used in the CIS
countries and abroad. Statistical methods are an effective tool for collecting and analyzing
information. The use of these methods does not require large expenses and allows one
to judge with a given degree of accuracy and reliability the state of the field under study
(objects, horizons, layers), predict and regulate problems at all stages of their life cycle,
and based on this, develop optimal solutions to achieve a particular task. This method of
predicting technological indicators differs from hydrodynamic ones in its simplicity and
constructiveness, which makes it possible to quickly evaluate objects with their help as
information is accumulated and clarify geological and physical parameters.

The statistical methodology is based on identifying patterns of technological indicators
in the process of field development, which include such parameters as production, oil and
liquid flow rates, water cut and reserve development rates. The most optimal parameter for
calculation is selected based on the characteristics of the field: when developing a deposit
in an active water-pressure mode, the determining factor is the water cut of the produced
product; and when the deposit operates in an elastically closed mode, the parameters
of liquid flow rate and annual withdrawals become determining for development as a
whole, which is determined by the energy characteristics of the deposit. Also an important
criterion is the approximation coefficient, which characterizes the preservation of the
pattern in the trend of changes in parameters over time, which should not be lower than
0.8 fraction of units.

The most common technological indicator characterizing the pattern of reservoir
operation for most fields is oil production, which is very universal and suitable for a wide
variety of types of deposits and their operating modes. Forecasting field development
based on oil flow rate is performed according to an exponential equation derived from
the historical flow rate dynamics. Thus, the application of the statistical methodology [7]
requires a sufficiently long development history, during which the development indicators
of the object in question will have a certain tendency and line up in a clear trend while
maintaining a certain pattern, which will become a condition for further forecasting.
Figure 8, 9 shows an example of determining a pattern in changes in oil flow rate within
a historical period.
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Figure 8 — Example of determining the pattern of change in the flow rate from the historical period

The methodology for using the statistical approach itself is simple and involves the
derivation of an exponential equation and further forecasting of oil production based on
it. Figure 4 shows an example of deriving an exponential equation.

Jleout HedTH (HCTOPHS)
1,80
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1,40
1,20

100 y = 1.69688¢-0.0481x
0.80 R2=0,99111

0,60
0,40
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0,00
0 1 2 3 4 5 6 7 8 9

Figure 9 — Example of determining the decline rate based on historical oil production

As can be seen from the example, the rate of decline is -0.04981. Now we can use
this rate of decline to calculate forecast technological indicators. To do this we use the
following formula: ge

9= *n

where:

q — oil flow rate;

gc — starting oil flow rate;

RD - rate of decline;
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n — unit of measurement of the forecast period (year, month).

The use of a specifically exponential equation is typical specifically for forecasting
based on oil production; when other technological indicators, such as production, water
cut or production rates, are used as a determining parameter, other equations for deriving a
trend line, such as linear or logarithmic, can be used. The subordination of the oil flow rate
dynamics to an exponential pattern, rather than being described by a linear dependence, is due
to the formation mechanism of this flow rate, the value and rate of change of which are most
influenced by multiphase flow conditions, expressed by the logarithmic dependence of the
relative phase permeability, as well as the energy characteristics of the reservoir, depending on
the rate of decline in reservoir pressure, which, due to the presence of artificial RPM, boundary
recharge and volumetric expansion forces, is also described by an exponential dependence.

In the course of this work, all geological and geophysical work carried out on the
territory of the X deposit and the results of these works were analyzed.

The ORF values of the Triassic horizons approved today were calculated for a
development system in an active water-pressure mode with artificial RPM and the drilling
of 16 new production wells, as a result of which the current transition to the development
of deposits in a natural mode required a revision of the approved oil recovery factors.

Given the current depletion of reserves for the field as a whole is 44.7% and the
presence of residual oil reserves, the reserve ratio for further development of the field
will not exceed 42 years.

Conclusions. As a result of the work carried out, the following conclusion can be
drawn. First of all, the need to reduce the approved oil recovery factor was influenced by
the transition from an active water-pressure mode to a natural depletion mode, stopping the
maintenance of reservoir pressure by injecting water. Due to cause-and-effect relationships,
the refusal to drill new wells also had a significant impact on the final ORF.

Taking into account all the above reasons, a technical and economic analysis of
development options was carried out which showed that the most effective and recommended
for implementation is the second option - which involves drilling a development and
appraisal well at object II and carrying out hydraulic fracturing at production wells. Also,
in order to increase the coverage of drainage zones of reserves and involve these reserves in
development, it is additionally envisaged to increase the number of geological and technical
measures for additional drilling and transfer of wells between objects.

Comparing the two methods for calculating ORF, the following conclusions can be
drawn; Table 2 shows a comparison of the results of the two methods. If V.N. Martos’
method is more based on reservoir parameters, then the statistical method, in simple words,
is based on historical data. Using both methods, the technological ORF was calculated,
which in the future will also be passed through economic calculations. As can be seen
from the table below, the differences in the calculation results are insignificant. €
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