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ABSTRACT

Background: Effective reservoir management require integrating multiple geological and technological
parameters to optimize decision-making. Traditional approaches, while useful, often struggle
with the complexity and volume of reservoir data, highlighting the need for more advanced analytical
methods.

Aim: This article examines various methodologies for data-driven comparative analysis
and its application for selection of drilling points for production and water flooding operations.

Materials and methods: Advanced computational techniques, including machine learning applications,
are explored for their role in improving evaluation accuracy. Additionally, this study compares different
comparative analysis approaches used in the industry, highlighting their strengths, limitations,
and adaptability to various geological conditions.

Results: The synthesis of recent research demonstrates the potential of multimodal analysis
approaches to enhance predictive accuracy and decision-making efficiency. Comparative evaluations
reveal that while traditional methods remain valuable in certain contexts, data-driven techniques provide
superior adaptability and scalability. Future advancements are identified in integrating real-time data
streams and cross-disciplinary modeling.

Conclusion: Data-driven comparative analysis, particularly when supported by machine learning,
shows significant promise in improving reservoir management practices. By enabling more accurate
drilling point selection and more effective water flooding operations, these approaches can drive both
economic and operational efficiency. The study emphasizes the importance of continuous innovation
and integration of computational tools to address the evolving complexity of reservoir systems.
Keywords: multimodal analysis; geological parameters; technological parameters; comparative
analysis; well placement optimization; machine learning; reservoir management.
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OerMHaanoe unccnegosaHue

MeToa MynbTUMOAANbHOIO CPaBHUTENBLHOIO PaHXUPOBaHUA
NPOEKTHbIX TOYeK AN 6ypeHusi HA OCHOBE HOPManu3oBaHHbIX
napameTpoB reosfiorum u paspaboTku

A.E. U6paeB’, 3-C. Herum', A.K. XKeHuc?, A. Kypmawen?, A. CarbiHagblkoBa®
'KasHUTY um. K.N. Camnaesa, 2. Anmamsi, KasaxcmaH

2KMI” UHxxuHupuHe, 2. AcmaHa, KasaxcmaH

3KasaxcmaHcko-bpumaHckull mexHudYeckul yHueepcumem, 2. Anmamel, Kazaxcmat

AHHOTALMUA

O6ocHoBaHue. JddekTuBHass paspaboTka MecTopoxaeHuss TpebyeT wHTerpaumm nokasarte-
nen reonormM u paspaboTkM ANs ONTUMArNbHOMO MPUHATUS pPelleHuiA. TpaguuMOHHbIE MOAXOAbl,
XOTS1 U NOME3HbI, YacTO CTaNKUBAKTCA C TPYAHOCTSAMU Npu paboTe ¢ 6onbluMM 06bEMOM U CIIOXKHOCTbLIO
OaHHbIX MO MECTOPOXAEHMWSIM, YTO NoaYepKMBaET HEOOXOAMMOCTb MpUMEHEHUs Bornee NpPoABUHYTbLIX
METOLOB aHanuaa.

Lenb. B gaHHol cTatbe MccrnenyrTcsl METOAONOrMM CPaBHUTENBHOMO aHanM3a Ha OCHOBE AaHHbIX
N WX MpakTU4YecKoe MNpUMEHeHUe Ansi Bblbopa Todek OypeHust [o6bIBaOWMX W HarHeTaTenbHbIX
CKBaXWH.

Martepuanbl u meToabl. B uccnenosaHumn paccmatpuBatoTcs nepefoBble BblYUCIUTESNbHBIE METOAbI,
B YaCTHOCTM, UCMOMNb30BaHWE MaLUMHHOTO 0ByYeHWs1 Ans NOBbILEHUS] TOYHOCTU OLIEHKN MECTOPOXAe-
Hus. MpoBegeHa cpaBHUTENbHAsi OLEHKA CyLLECTBYHOLMX NPaKTUK B OTpachu, BKKYawLWas aHanus
UX CUIbHBIX U crnabblx CTOPOH, a Takke afanTUpyeMOCTH K PasnnyHbIM reonormyeckuM ycrioBusiv.
PesynbraTbl. Pe3ynbrathl NOCNeAHUX UCCMNEAOBaHUA AEMOHCTPUPYIOT MOTEHLMan MynsTUMOAarnbHbIX
NMoAXOAOB K aHanmu3y [Ans  MOBbILEHUsT TOYHOCTU MPOrHO30B U 3((EKTUBHOCTA MPUHATHS
peweHnin. CpaBHUTEMbHbIE OLEHKM TOKa3blBalOT, YTO, HECMOTPS Ha LEHHOCTb TPaaULMOHHBLIX
METOAOB B ONpPeENnEHHbIX YCINOBUSIX, METOAbI Ha OCHOBE LMMPOBLIX AaHHbIX obnagatT Gonbluein
afanTYBHOCTBIO U MacwTabupyemocTbio. OnpegeneHbl NepCrnekTUBHbIE HAMpPaBneHUsl pasBUTUSE —
MCMONb30BaHWE NMOTOKOB A@HHbIX B pearibHOM BPEMEHW 1 MeXAnCLMNIIMHapHOe MOAENMpoBaHue.
3akntoueHune. CpaBHUTENbHBLIA aHanu3, OCHOBAHHbLIN Ha [aHHbIX M MOAAEPXKMBAEMbIA MeTodamu
MalUMHHOrO 06yyeHusi, obnajaeT 3HauUTeNlbHbIM MOTEHLMANOM B YMyYLIEHUU MPaKTUK yrpaBreHust
mMecTopoxaeHuamn. bnarogapsi 6onee TouHOMY BbIGOPY TOUeK BypeHnsi 1 NOBbILLEHNIO 3DPEKTUBHOCTM
NpoLLeccoB 3aBOAHEHUSI AaHHble MOAXOAbl MOBLILIAIT Kak 3KOHOMUYECKME, TaK U NPOM3BOACTBEHHbLIE
nokasatenu. B wuccrnegoBaHuM NOOYEPKMBAETCS BAXHOCTb MOCTOSIHHBIX WHHOBAUMWA W MHTErpaumu
BbIYMCIINTENbHbLIX MHCTPYMEHTOB ANS PeLLEHNsl PacTyLUe CIIOKHOCTU CUCTEM MECTOPOXAEHUIA.
Knro4veeble crioea: MynbmumoOasnbHbIll —aHanu3, 2e0/102u4ecKue napamMempbl, okasamernu
paspabomku, cpasHUMerbHbIU aHanu3, onmuMuU3ayus pasMeuleHuUsi CK8aXUH, MalluHHoe obydyeHue,
paspabomka MecmopoxoeHul.
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TynHycka 3epTTey

Feonorua meH UrepyaiH KanbinkKa KenTipinireH napameTrpnepiHe
HerizgenreH Oypfrbinayfa apHanfaH xxobanay HyKkTenepiH
MynbTUMOAANbAbI canbiCTbipMarbl capanay aaici

A.E. UGpaeB', 3-C. Herum', A.K. XKeHic?, A. Kypmawen?, A. CarbiHAbIKOBa®
'K.N. Combaee ambiHOarbl Kas¥T3Y, Anmamsl Kanacsl, KasakcmaH

2KMI™ UHxxuHupuHe, AcmaHa Kanacbl, KasakcmaH

3KaszakcmaH-bpumaH mexHuKanbiK yHusepcumemi, AniMamel Kanacsl, KazakcmaH

AHHOTALUMUA

Herizaey. KeH opHbIH TMiMAj urepy yLUiH reonorus MeH urepy kepceTkiuTepiH BipikTipy apKbirbl OHTannbl
wewim kabbingay kaxet. OacTypni Tecingep navgansl GonFaHbiMeH, kebiHece keH opblHAApbIHAAFbI
OepeKTepaiH YIKeH KenemiMeH >XaHe KypZeniniriMeH >XyMbiC icTeyae KublHObIKTapFa Tan Gonagel,
Oyn 03bIK Tangay aAicTepiH KonaaHyablH, KaXeTTiniriH kepceteqi.

MakcaTtbl. byn makanaga gepektepre HerisgenreH canbiCTblpManbl Tangay aficteMenepi >XaHe eH-
LipyLi )XaHe anpay yHfbimanapblH Oypfbinay HykTenepiH TaHgay YLWiH onapablH npakTukanslk konaa-
HbINybl 3epTTenes;.

Martepuanpap MeH agictep. 3epTTey bapbicbiHAa anablHFbl KaTaprbl ecenTey aaicTepi, atan anTkaHaa
KeH OpHblH OafranayablH A9NgiriH KakcapTy YLWiH MalwuHanblK OKbITyAbl KONMAaHy kapacTbipblnagbl.
Canaparbl KongaHbicta 6ap Texipnbenepre onapablH KyLUTi )XoHEe a5Ci3 )akTapblH, COHAan-aK apTyphi
reonorusnelK xxargannapra enimaenyid Tangayabl KAMTUTBIH canbliCTbipManbl 6aranay Xyprisingi.
HaTtuxenepi. CoHfbl 3epTTeynepaiH HaTwkenepi OormkampapablH Aoniri MeH wewim kabbingay
TUIMAINIFIH apTThIpy YWIiH MynsTUMOZaneAbl Tangay TacingepiHii noteHuuanbiH kepceTeqi. CanbiCTbIp-
manbl Garanaynap kepcetkeHgen, Genrini 6ip »kargavnapaa AscTypni a4icTepdin KyHAbIUIbIFbIHA Ka-
pamacTaH, caHAblk AepekTepre HerigenreH agictep GenimaenriwTiri MeH ayKbIMAbISbIFbIHBIH, XOFapbl
eKeHgijriH kepceTTi. bonawakrarel famy 6afbiTTapbl peTiHAE HaKTbl YaKbIT peXUMiHAEri AepekTep afbiH-
JapblH NaiganaHy xaHe naHaparblk MoaernbAey aHbIKTangbl.

KopbITbiHAbI. [JepekTepre HeriagenreH XoHe MalUMHanblK OKbITy oicTepiMeH kongay KepceTineTiH
canbiCTbipManbl Tangay KeH opblHAapblH Oackapy ToxipubeciH xakcapTyaa avWTapnbikTan aneyetke
ve. Bypfbinay HyKTenepiH ganipek TaHday >XeHe CynaHAblpy MpOoUEeCTepiHiH TuiMAiniriH apTTbipy
apkbifibl Oyn Tacingep SKOHOMUKarnbIK XOHE OHAIPICTIK KepceTKiTepai apTTolpadbl. 3epTTey KeH
opblHAAPbI XYWENepiHiH, ecin Kkene >xartkaH KypaeniniriH wewly ywiH y3aikci3a MHHoBauusnap MeH ecentey
KypangapblH GipikTipyaiH MaHbI3AbIbIFEIH KepceTesi.

Hezizzi cezdep: mynbmumodandbi marnday, 2eoroeusifibiK rnapamempriep, uzepy Kepcemkiwmepi,
canbicmbipmarbl manday, yHFbiManapObl opHanacmblpyObl oHmMalnaHobIpy, MawuHasblK OKbIMYy, KeH
OPHbIH U2epy.
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Introduction

Optimizing well placement and reservoir manage-
ment requires integrating geological variability, fluid
dynamics, and engineering constraints. Traditional
methods, such as static quality maps and empirical
ranking techniques, fail to fully capture reservoir
heterogeneity and dynamic flow behavior. Advanced
machine learning and data-driven approaches
enhance decision-making by leveraging real-time
monitoring, streamline modeling, and probabilistic
simulations, though they lack physical constraints
and interpretability.

Recent advancements in subsurface characteriza-
tion and well optimization have been driven
by integrating geophysical, geological, and machine
learning methodologies. In the Midland Basin, Texas,
3D seismic mapping has significantly enhanced well
placement in the Wolfcamp Formation [1]. Using
Vibroseis trucks and dynamite charges to generate
seismic waves, the data collected through geophones
underwent various processing techniques like time
migration and seismic inversion to derive key rock
properties. These seismic attributes were integrated
with core samples, well logs, and geomecha-
nical models, with machine learning algorithms
identifying patterns between seismic signals
and petrophysical properties. This integration
allowed for more accurate reservoir models,
reducing geological risks and optimizing horizontal
drilling trajectories, ultimately leading to increased
well productivity and economic efficiency.
Additionally, machine learning can improve pro-
duction forecasting and decision-making in horizon-
tal subsurface target identification and geostee-
ring [2-3]. By using Random Forest models, SHAP
analysis, and Monte Carlo simulations, production
profiles were generated to predict cumulative oil
production and identify critical factors like distance
to the waterfront at well startup. Multi-criteria
decision-making (MCA) approaches in geosteering
further optimize well trajectory management
by balancing various objectives, such as drilling
efficiency and well placement accuracy [4]. Although
challenges like high implementation complexity
and data requirements remain, these integrated
methodologies represent the future of reservoir
management, offering more precise and cost-
effective operations.

This study proposes a systematic approach for se-
lecting targets in reservoir engineering operations
using multimodal comparative analysis, which ranks
candidates based on static and dynamic parameters
while balancing multiple objectives. This formalized
approach reduces subjective errors, improves
decision quality, and enables real-time automation,
though its implementation requires extensive data,
model calibration, and rapid analysis in dynamic
conditions.

By comparing conventional static methods
with Al-driven and streamline-based techniques,
this study highlights their strengths, limitations,

and applicability under varying geological condi-
tions. The findings contribute to improving well
placement strategies, reducing reservoir modeling
uncertainty, and enhancing hydrocarbon recovery
through an integrated, data-driven decision-making
framework.

Materials and methods
Comparative method was developed for ranking
a large amount of input points with multiple
parameters. Whole set of input points consists
of n points (xq,...,X,) with N parameter values
(pi, ---,Py)- The main purpose of the methodology
is to rank points based only on their input data,
without using expert weights for each parameter
separately. To solve this problem, it was proposed
to use a complex parameter P; based on the product
of the normalized values of the geological
and technological attributes of each point.
There are parameters for which a positive effect
is of great importance, such as oil reserves or oil
saturation. But in some cases, it is necessary
to calculate the inverse value of the parameters,
for example, for the water cut. Normalized
value of parameter is calculated using minimal
and maximal values of the set. For parameters
with positive effect p}'norm'pos can be derived
from equation:
inorm.pos __ p; B 11n11{11pl
J i _ minnt
TP TINP

M

inorm.inv

For parameters with inversed effect p;

is calculated from equation (2):

pj — minp*
inorm.inv _ 1-— 1..N

pj — 2
TNP TIWP

where:
p]‘- — value of the given parameter;
111}__111\,1?1 — minimal value for the set of the given
parameter;
YPEIXPL — maximal value for the set of the given
parameter.

Complex parameter P; is a product of the multi-
plication of positive and inversed normalized values
of parameters. If there are N parameters, and M
of them are positive and O negative (N=M+0),
then the complex value will be calculated using
the formula (3):

M

0
_ inorm.pos i.norm.inv
P = | |pj X | |pj
1

1

(©)

Thus, using a complex parameter, it is possible
to rank input points within a single structur-
al or geological unit (dome, block, horizon).
If the input points have values on other structures,
then further comparison can be carried out based
on the sums of all complex parameters. Using

....................................................... 21
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normalized values allows you to ensure that points
are compared based on comparable parameters
on the same dimensions. To avoid using expert
weights for the parameters, it is assumed that each
parameter makes the same contribution to the fi-
nal estimate. To improve the accuracy and robust-
ness of the results, it is recommended to exclude
abnormal values from the parameter sets before
calculations.

Results
The proposed multimodal comparative ranking
method integrates static geological mapping,

dynamic reservoir simulation, and machine learn-
ing to optimize well placement through a structured
ranking framework. This approach was used in [5]
for ranking project points for drilling injector wells.
It evaluates well locations based on key factors
such as residual oil reserves, drainage radius, injec-
tion-production efficiency, and reservoir variability,
using a normalized scoring equation. This approach
ensures a balanced, adaptive, and computatio-
nally efficient solution, prioritizing well locations
with high remaining hydrocarbons, optimal spacing,
and minimal production inefficiencies.

_ (yresynorm opt\norm
Score; = (V5171 X (1 - (Ravg i

X (1= (KoPo)™™™) X (1 = (Vrario)1O™)

where:

wyeHrerm normalized residual oil reserves,

accounting for remaining hydrocarbons in place;
(RPL)™ — normalized drainage radius measuring
the deviation from the optimal well spacing;
(KSPEyror™ — normalized cumulative compensation,
indicating injection and production efficiency;
(Vracio) 7™ normalized deviation of mobile
reserves from project values, assessing reservoir
variability.

The average drainage radius, adjusted to the project
value, is calculated using equation:

Robg = (5)

where R, is the drainage radius of wells, determined
based on the designed well spacing density.

|Ravg - Roptl

The cumulative compensation, adjusted to the pro-
ject value, is calculated using equation:

opt _
Kcum - Kcum - Kopt

the target

(6)
where K, is cumulative

compensation.

project

Another place of application of the proposed
approach is the algorithm for selecting drilling points
for producing wells. Once all relevant parameters
are calculated, project points are ranked based
on their likelihood of achieving the highest pro-

duction, considering all associated operational units.
The rank of each candidate score} at a specific
horizon J is determined using normalized values
of cumulative oil production (¢%, water injection
Q;", and pseudo oil flow rate gP**“-°!. These
parameters are normalized within the bounds
of a single operational unit, with inverse normalization
applied to both cumulative oil production and water
injection.

J _ ,norm oil_norm inj_norm
score; = q; X Q; X Q;

@)

pseudo_oil _ .
norm _ H mm{q

pseudo,oil}N
i i

8
max{q —min{q? ®

pseudo,uil}”
i i

seudu,oil}”
i

leu _ min{Qf”}ll

=1- — —
max(Q7")) — min{?")]

oil_norm
Qi N

©)

0" — min{o["};

inj_norm __
Q =1- — —
max{Q}"}} —min(Q"}.

i

(10)

The overall score of a project point is the sum
of its scores across all operational units accessible
through drilling at that location. Consequently,
candidates linked to a greater number of oper-
ational units have a higher chance of oil discov-
ery and receive a higher final evaluation. Based
on the ranking results, 19 project points were
approved for drilling. During 2024, production
wells were drilled at the approved project points.
16 out of 19 wells operate with oil flow rates equal
to or exceeding the planned values. The percentage
of achieving planned targets for points selected us-
ing the software package was 84%.

Alongside the wells selected using the developed
algorithm, 129 wells were drilled based on ex-
pert analysis of geological and field data. Mean-
while, the percentage of achieving planned targets
for wells selected by expert analysis was 79%.
Thus, the method of project point placement
and ranking proposed in this study demonstrates
comparable efficiency to manual selection perfor-
med by specialists.

Conclusion

Well placement optimization methods continue
to evolve, yet none of the existing approaches fully
integrates geological, technological, and dynamic
production parameters. Static ranking methods,
such as quality maps, remain effective tools for initial
assessment but fail to account for changes in drain-
age volumes and fluid dynamics. Numerical flow
simulations provide accurate predictions of pressure
distribution and fluid movement. However, this ap-
proach is computationally demanding and highly
sensitive to input uncertainties. Meanwhile, machine
learning-based approaches enable rapid processing
of large datasets but may generate geologically in-
feasible recommendations and require continuous
model retraining.
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To enhance the efficiency and adaptability of well
placement optimization, a multimodal comparative
ranking has been proposed, integrating static
geological properties, dynamic reservoir modelling,
and Al-driven predictive analytics. This approach
enables a systematic ranking of key parame-
ters, including residual oil reserves, drainage ra-
dius, cumulative compensation, and deviations
in mobile reserves from project values. The forma-
tion of an integrated well ranking system ensures
not only the assessment of reservoir potential
but also the optimization of spatial well distribu-
tion considering well interactions. Main advantage
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