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Abstract: This paper analyzes the current development state of the Darwin Bank oil field located in the Azer-
baijani sector of the Caspian Sea. The aim of the study is to assess field performance, identify the main factors
affecting production rates, and determine possible directions for improving production efficiency under ma-
ture-field conditions. Due to the limited availability of detailed field data, the research is based on typical
parameters of analogous oil fields and simplified engineering assumptions. The study evaluates the influence
of bottom-hole pressure and water cut on production behavior. The results show that well productivity is
strongly affected by the relationship between reservoir pressure and bottom-hole pressure. A decrease in pres-
sure drawdown leads to reduced fluid inflow and lower production rates. At the same time, multiphase flow
conditions create nonlinear production behavior, making performance prediction more complex.

Special attention is given to water cut, which significantly reduces net oil production and worsens the quality
of produced fluids. The comparison between theoretical production potential and actual performance indicates
reservoir pressure depletion, increased water production, and declining well productivity. Overall, the Darwin
Bank field is characterized as a mature field at a late stage of development. The results suggest that production
efficiency may be improved through pressure maintenance, water control, and optimization of well operating
conditions.

Keywords: field development, well productivity, reservoir pressure, water cut, production efficiency.

Introduction production optimization is particularly im-
One of the main priorities in modern petroleum  portant on offshore platforms, where multiphase
engineering is to maximize the oil recovery fac-  flow regimes such as bubbly, slug, and annular
tor from existing fields. This requires a detailed  flows directly affect production stability and ef-
understanding of reservoir geology, petrophysi-  ficiency [1].

cal properties, and physical processes occurring The reserves and production history of the
within the formation. In multiphase oil-gas—wa-  Darwin Bank field reflect its long-term exploita-
ter systems, flow behavior is especially com-  tion. According to various sources, the initial
plex, and its proper assessment is essential for ~ balance reserves are estimated at approximately
developing an effective field development strat- 3 million tons of oil and 0.5 billion m* of gas.
egy. Offshore fields are even more challenging =~ However, during its production history, about
due to technical limitations, restricted infrastruc- 16—17 million tons of oil and 1.4-1.5 billion m?

ture, and strict safety requirements. Therefore,
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of gas have already been produced. These indi-
cators show that the field is highly depleted.
More than 700 wells, approximately 776, have
been drilled in the field, and by the 2020s, more
than 780 wells were reported, indicating inten-
sive long-term development [2].

Maintaining reservoir energy is a key issue in
field development. At the initial stage, produc-
tion is mainly supported by natural reservoir en-
ergy, when pressure and well productivity are
relatively high. Over time, reservoir pressure de-
clines, leading to lower production rates and the
need for additional technological measures, such
as water or gas injection and artificial lift meth-
ods. In modern petroleum engineering, field de-
velopment analysis is supported not only by em-
pirical observations but also by mathematical
modeling and reservoir simulation, which help
forecast production behavior and support scien-
tifically based optimization decisions [3].

Currently, the Darwin Bank field is consid-
ered to be at a mature, or late, stage of develop-
ment. Studies indicate that approximately 70—
80% of recoverable reserves have already been
produced. This stage is characterized by declin-
ing reservoir pressure, reduced well productiv-
ity, and increasing water cut. In 2015, the ex-
pected production rate from wells drilled from
new platforms was estimated at about 5
tons/day, confirming the low-productivity stage
of the field. At the same time, earlier projects
planned production rates of up to 50 tons/day for
some platform wells, showing significant
productivity differences across the field [2].

Object

The objective of this study is to analyze the
current development state of the Darwin Bank
oil field and evaluate the main factors affecting
its production performance. Special attention is
given to the influence of water cut and bottom-
hole pressure on net oil production and theoreti-
cal flow rate. The study also aims to identify the
key production challenges typical for mature
offshore fields, including reservoir pressure de-
cline, increasing water production, and reduced
well productivity. Based on the obtained results,
possible directions for production optimization
are proposed.

Methods

In this study, a simplified methodological ap-
proach was applied to analyze the development
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characteristics of the Darwin Bank oil field and
evaluate production optimization possibilities.
Due to the limited availability of detailed open-
source geological, reservoir, and operational
data, the research was based on analytical calcu-
lations, simplified mathematical models, and the
analog-field approach. To make the calculations
suitable for preliminary engineering assessment,
the reservoir was assumed to be isothermal, ho-
mogeneous, and isotropic, while the filtration
process was considered radial. Although these
assumptions do not fully reflect the real com-
plexity of the Darwin Bank field, which is char-
acterized by heterogeneity, multilayer structure,
and tectonic complexity, they are commonly
used in petroleum engineering for initial evalua-
tions and allow the main development trends to
be identified.

In order to assess well productivity, the in-
flow performance relationship, or IPR approach,
was first applied. This model describes the rela-
tionship between the pressure drawdown and the
production rate of the well. In its simplest linear
form, the IPR equation can be expressed as fol-
lows:

q =J (P — Pyy)

Where q is the production rate, j is the
productivity index, P: is the reservoir pressure,
and Py is the bottom-hole flowing pressure.

However, it should be noted that the linear
IPR model has certain limitations. It is mainly
applicable to single-phase liquid flow and does
not fully describe the behavior of multiphase
systems. In mature oil fields, especially under
conditions of pressure depletion, dissolved gas
begins to separate from the oil, leading to two-
phase or three-phase flow in the reservoir and
wellbore. As a result, the relationship between
pressure and flow rate becomes nonlinear.
Therefore, the application of a more realistic
model is required for evaluating production be-
havior in multiphase systems [4, 5].

For this reason, the Vogel model was applied
in the next stage of the study. The Vogel model
is widely used for oil wells producing under so-
lution-gas drive conditions and makes it possible
to account for the nonlinear character of multi-
phase flow. The model is expressed as follows:
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Where qis the produf:tlon rate ata given bot- If the platform production rate is assumed to
tom-hole pressure, qmax is the maximum theoret- .
be 5 tons per day and the number of operating

ical production rate, Pwr is the bottom-hole flow- . :
. . : wells is 12, then the average production rate per
ing pressure, and P; is the reservoir pressure. well is:

In addition to inflow performance analysis, a
material balance approach was used to evaluate 5
the development stage of the field. Material bal- Qwen = —= = 0.42 tons/day
ance is one of the classical methods in reservoir 12
engineering and allows the relationship between
produced reserves and reservoir pressure decline
to be assessed. In simplified form, this approach
can be expressed as:

This value indicates a very low average well
productivity, which is typical for mature and
highly depleted fields. Such a low production
level may be explained by reservoir pressure de-
cline, increasing water cut, deterioration of res-
(P, — P) ; . X L
=N—uZ ervoir energy, and possible inefficiencies in the

P; drainage of remaining oil-saturated zones. In or-

der to evaluate the production structure more ac-

Where Np is the cumulative produced oil,  cyrately, different water cut scenarios were con-
NNN is the initial oil in place or recoverable re-  giqered. Water cut was varied from 10% to 80%
serves considered in the simplified calculation,  n4 its effect on net oil production was analyzed.

Piis the initial reservoir pressure, and P is the  The pet oil rate was calculated using the follow-
current reservoir pressure. ing expression:

Through this approach, the effect of increas-
ing water cut on oil production was qualitatively G = q,(1—W,)
analyzed, and it was shown that a high water
content reduces the economic efficiency of pro-
duction. In addition, changes in the gas—oil ratio
were also considered as one of the important fac-
tors affecting the development process. An in-
crease in the gas—oil ratio is associated with a
decrease in reservoir pressure and leads to
changes in multiphase flow regimes. This, in
turn, affects flow stability both inside the well-
bore and in pipelines. In the study, this factor
was qualitatively evaluated, and its impact on

the production process was analyzed in a gener-  gyction may make further exploitation econom-

alized manner [6]. . ‘ ‘ ‘ ically less attractive.
Based on generalized information available Results

from open sources, the daily production rate for The results of the analysis are presented in the
one platform was assumed to be approximately  (;ples below.

5 tons per day. For the purpose of calculation, it The results show that the Darwin Bank field
was assumed that an average of 12 wells were s 4t 4 mature stage of development, with declin-
operating on the platform. This assumption is ing reservoir energy, increasing water cut, re-
based on typical well density and production dis-  qced well productivity, and unstable multi-
tribution patterns observed in offshore fields. By phase flow conditions. Water cut significantly
assuming that the total production is distributed  4ffects net oil production: at a constant total pro-
evenly among the wells, the average production  gyction rate of 5 t/day, oil output decreases from

rate per well was determined. The average pro- 4 5 t/day at 10% water cut to 1.0 t/day at 80%
duction rate per well was calculated as follows: water cut.

Ny

Where qo is the net oil production rate, q is
the total liquid production rate, and W is the wa-
ter cut expressed as a fraction.

This approach makes it possible to determine
how much of the produced liquid is actually oil
and how much is water. For example, if the total
liquid production remains constant while water
cut increases, the amount of produced oil de-
creases significantly. This is one of the main
problems in mature fields, where high water pro-
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Table 1
Water cut impact
Water cut (%) Total production rate (t/day) Qil production (t/day)
10 0.42 0.378
20 0.42 0.336
30 0.42 0.294
40 0.42 0.252
50 0.42 0.210
60 0.42 0.168
70 0.42 0.126
80 0.42 0.084
Table 2
Total platform production, 12 wells
Water cut (%) Total production rate (t/day) Qil production (t/day)
10 5 4.5
20 5 4.0
30 5 3.5
40 5 3.0
50 5 2.5
60 5 2.0
70 5 1.5
80 5 1.0
Table 3

Theoretical production rate based on bottom-hole pressure (12 wells)

Bottom-hole pressure (bar) Flow rate (m%/day) Aproximate production (t/day)
180 12.0 10.0
170 19.0 15.3
160 26.0 20.7
150 33.0 26.0
140 413 32.7
130 49.7 39.3
120 58.0 46.0
110 65.5 52.0
100 73.0 58.0
90 80.5 64.0
80 88.0 70.0
70 93.3 74.3
60 98.5 78.5
50 103.8 82.8
40 109.0 87.0

This confirms that increasing water content
reduces the useful hydrocarbon component and
lowers production efficiency. Bottom-hole pres-
sure also strongly influences well productivity.
As pressure decreases from 180 bar to 40 bar, the
theoretical flow rate increases from 12 m?/day to
109 m3/day, showing the importance of pressure
drawdown for fluid inflow. However, bottom-
hole pressure should be optimized rather than
simply reduced, since excessive drawdown may
cause gas liberation, water breakthrough, and
unstable flow. Overall, production optimization
should focus on increasing net oil production
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through water control, selective well operation,
artificial lift optimization, and pressure manage-
ment.
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DARVIN BANKASI NEFT YATAGININ iSLONMO PROSESININ XUSUSiYYOTLORININ
TODQIQI

Dos. Zamiq Baxtiyar MIRZOCANOV
Azarbaycan Ddvlot Neft vo Sonaye Universiteti

Agabay AGABOYLI
Azarbaycan Dovlot Neft vo Sonaye Universiteti
“Neft vo Qaz Miithandisliyi” kafedrasi
Neft-qaz mithondisliyi ixtisasi izro magistrant
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Xiilasa: Bu moqalods Xozor donizinin Azarbaycan sektorunda yerloson Darvin bankasi neft yataginin hazirki
islonma vaziyyati tohlil edilir. Todqiqatin moqsadi yatagin hasilat gostoricilorini qiymotlondirmak, hasilat
saviyyasine tosir edon osas amillori miioyyon etmok vo yatagin yetkin islonmo morhslasindo hasilat
samaraliliyinin artirilmasi istigamotlorini aragdirmaqdir. Yataq tizro otrafli molumatlarin mshdud olmasi
sababindan tadqiqat analoji neft yataqlari tiglin xarakterik olan tipik parametrlora va sadalosdirilmis miihandis
forziyyoalorino osaslanir. Isda quyudibi tozyigin vo sulasmanin hasilat prosesine tosiri qiymotlondirilmisdir.
Naticalor gostarir ki, quyularin mohsuldarligi lay tezyiqi ilo quyudibi tozyiq arasindaki slaqadon shomiyyatli
doaracads asilidir. Tozyiq diisiimiiniin azalmasi maye axininin zaiflomasine va hasilatin agagi diismasins sabab
olur. Eyni zamanda, ¢oxfazali axin soraiti hasilat davranigin1 geyri-xatti edir vo onun prognozlasdirilmasin
¢otinlosdirir.

Tadgiqatda sulasmanin tasirine xiisusi digqgat yetirilmisdir. Sulasmanin artmas1 xalis neft hasilatini shamiyyatli
doaracads azaldir va hasil olunan mayenin keyfiyyatini pislasdirir. Nozari hasilat potensiali ilo faktiki hasilat
gostaricilorinin miiqayisesi lay tozyiqinin azalmasini, su hasilatinin artmasini vo quyularin mohsuldarliginin
asag1 diismosini gostarir. Umumilikdo, Darvin bankasi yatag: islonmonin son morholasinds olan yetkin yataq
kimi xarakterizo olunur. Naticalor gostarir ki, hasilat somaraliliyi lay tozyiqinin saxlanilmasi, suya nazarat vo
quyularin is rejiminin optimallagdirilmasi hesabina artirila bilor.

Acar sozlar: yatagin islonmasi, quyu mohsuldarlig, lay tozyiqi, quyunun sulagmast, hasilatin somaraliliyi.
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Pe3rome: B manHO# cTaThe aHATU3UPYETCSI TEKYIIIEE COCTOSHUE Pa3pa0d0TKU He(hTIHOTO MeCTOpOKaeHMs Jlap-
BHUHCKas 0aHKa, PacIIOIOKEHHOr0 B a3epOaiimkanckoM cektope Kacmuiickoro mops. Llensio ucciemnoBanus
SIBIIICTCSL OIICHKA TOKa3aTeliel paboThl MECTOPOXK/ICHHUS, BBISIBICHHE OCHOBHBIX (DAKTOPOB, BIUSIOUIUX HA
YPOBEHB JTOOBIYH, a TAKXKE ONPEACICHIE BO3MOXKHBIX HAIPABICHUN MOBBIIICHUS 3(PHEKTUBHOCTH JOOBIYU B
YCIIOBHSX 3peNION CTaauu pa3paboTKU. B CBs3U ¢ OrpaHUYEHHON JOCTYMHOCTBIO JIETATBLHBIX MPOMBICTIOBBIX
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JaHHBIX HCCIIEOBAHWE OCHOBAHO HA THIHMYHBIX MapaMeTpax aHAJIOTHYHBIX HE(TSHBIX MECTOPOXKICHUH H
yIPOUIEHHBIX MHKCHEPHBIX JONYLIeHUsX. B paboTte onieHuBaeTcs BIUsHUE 3a00HHOTO AaBJICHUS U 00BOIHEH-
HOCTH Ha XapakTep HoObrIH. Pe3ysbTaThl HOKa3bIBAIOT, YTO IPOIYKTHBHOCTD CKBRKUH B 3HAYUTEIIHHOU CTe-
MICHU 3aBHCUT OT COOTHOILCHHUS MEX Ty IIJIACTOBBIM M 3a00HHBIM JaBlieHneM. CHIDKEHUE IeIPECCHH JaBICHUS
MPUBOIUT K YMEHBIICHHUIO IPUTOKA (PIIFOMIA U, COOTBETCTBEHHO, K CHI)KEHUIO Jie0nTa. OJJHOBPEMEHHO yCIIO-
BHUSI MHOTO()a3HOTO MOTOKA (POPMUPYIOT HETTMHEHHBIN XapakTep T0OBIYH, YTO YCIOXKHSIET MPOTHO3UPOBAHNE
pabOTHI CUCTEMEL.

Oco0oe BHMMaHHME y/AEJIeHO BIHUSAHUI0O OOBOAHEHHOCTH, KOTOpAas CYHIECTBEHHO CHMKAET YHCTYIO JOOBITY
HepTH U yXyAIAaeT KauecTBO J0ObIBaeMoil mpoaykunu. CpaBHEHHE TEOPETHYECKOTO JOOBIYHOTO MTOTEHIIHAA
¢ (haKTHIECKUMH TTOKA3aTeNIMH YKa3bIBaeT Ha UCTOIIEHHE IIACTOBOTO JaBJICHUS, POCT TOOBIYN BOJIBI M CHHU-
’KEeHHE MPOTyKTUBHOCTH CKBa)XXHH. B 1ienom mecroposknenne JlapBuHckas 6aHKa XapaKTepu3yeTcs Kak 3pesioe
MECTOPOKACHHUE, Haxos1leecs Ha MO3JHel cTaaun pa3padoTku. [lodydeHHble pe3yapTaThl TOKA3bIBAIOT, YTO
3G PEKTUBHOCTD TOOBIYHM MOKET OBITh MOBBIIIEHA 32 CYET MOACP KaHMsI TUIACTOBOTO IABJICHUS, KOHTPOJIS 00-
BOJHEHHOCTH M ONTHMH3ALIH PEKAMOB PabOTHI CKBaKHH.

KiroueBbie cioBa: pa3paboTka MECTOPOXKICHHS, TPOAYKTUBHOCTh CKBAXKHH, IUIACTOBOE AaBleHUE, 00BOI-
HEHHOCTD, 3 (HEKTUBHOCTH JOOBIUH.
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