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ABSTRACT

Background: The outcome of a geological and technical measure is governed by the combined
influence of reservoir properties and operating conditions before treatment. Historical field data can
support candidate-well selection, but the transfer of established relationships to another field remains
uncertain when the sample structure, out-of-sample validation, and applicability limits are not stated
explicitly.

Aim: To analyse and evaluate the influence of geological, physical, and technological reservoir
characteristics on five geological and technical measure performance indicators and to determine
whether the resulting models can support a transparent comparative choice among treatment options.
Materials and methods: The dataset comprised 107 historical intervention cases: 38 near-wellbore-
zone treatments with perforation, 32 acid treatments with perforation, and 37 production-optimization
cases. Sixteen input indicators were transformed into nine physically interpretable composite variables.
Separate multiple linear regressions were fitted for each intervention type and each of five outcomes.
Internal out-of-sample performance was assessed using shuffled five-fold cross-validation with a fixed
random seed of 42. Transferability was examined for five West Prorva reservoir units with complete
input data by calculating three alternative scenarios per unit and applying fuzzy max-min ranking.
Results: For near-wellbore-zone treatment with perforation, cross-validated R? was 0.530 for effect
duration and 0.522 for post-treatment oil rate. For acid treatment with perforation, the highest value
was 0.667 for post-treatment oil rate. Production-optimization models were unstable except for a weak
positive result for post-treatment oil rate (R* = 0.235). In the West Prorva comparison, production
optimization ranked first for units 1X-2 and VIII-2, near-wellbore-zone treatment with perforation for T-III
and VIII-3, and acid treatment with perforation for T-Il. Decision-membership function values were low
to moderate (0.15-0.48).

Conclusion: The approach is suitable for preliminary screening and comparative decision support, but
not for unrestricted prediction outside the calibration domain. Local recalibration and validation against
observed post-intervention results are required before operational use.

Keywords: geological and technical measures; reservoir characteristics; regression modelling; principal
component analysis; fuzzy sets; cross-validation.
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OerMHaanoe unccnegoBaHue

AHanus n oueHKa BNUAHUA reonoro-pusanvyeckmnx

M TEXHOSNOMMYeCKNX XapaKTepUCTUK MEeCTOPOXAEHUSA
Ha noka3atenu 3 peKTUBHOCTU reosioro-TeXHN4YeCcKnx
MeponpuUATUN

X.K. XKaHTypuH, M.H. A6uwes, E.Y. ApctaHanueB, X.K. 3angemoBa, LLI.M. MegeToB
Amesipayckull yHusepcumem Heghbmu u 2asa um. C. Ymebaesa , e. Ambipay, KazaxcmaH

AHHOTALUA

O6ocHoBaHue. Pesynbrat reonoro-texHudeckoro meponpusatust (CTM) onpenensieTcs COBMECTHbIM
BMMSHMEM CBOWCTB MiacTa W yCroBWI dKCnnyaTtaumn OO BO3AeNCTBuA. VicTopuyeckne npoMbICiioBble
OaHHble MOryT noaaepxuBaTb BbIOOp CKBaXKMH-KaHAMOATOB, OAHAKO MEPEHOC YCTAHOBIEHHbIX
3aBMCMMOCTEN Ha Apyroe MeCTOpOXAeHWe OCTaeTCs HeonpedeneHHbIM, ecnn CTPyKTypa Bblbopku,
BHEBbIGOPOYHAsi MPOBEpPKa W rpaHULbl NPUMEHUMOCTY HE ONCaHbl SIBHO.

Llenb. MNpoaHan1avpoBaTtb 1 OLEHUTb BUSIHWE Fr€0NOro-OU3NYECKNX Y TEXHOMOTMYECKNX XapaKTEPUCTUK
MeCTOpOXAEeHMS Ha NSATb Nokasatenen acdpgektmsHocTM 'TM 1 onpegenuTb NPUrOAHOCTb MOMYYEHHbIX
MoZenen Ans npo3pavyHoro cpaBHUTENBHOTO BbIGOpa BapuMaHTOB BO3OENCTBUS.

Martepuanbl n metoabl. VicxogHein matepuan Bkntodan 107 nctopudecknx cnyyaes: 38 obpaboTok
npu3aborHoli 30Hbl ¢ nepdopaumnenn, 32 kucnoTHble 06paboTkn ¢ nepdopaumen n 37 cnyyaes
ontuMm3aumm pexuma [obuiun. LlecTHaguate BxOAHbIX Nokasatenen npeobpasoBaHbl B AEBATb
PU3NYECKN MHTEpPNpPETUPYEMbIX COCTaBHbIX MepeMeHHbix. Ona kaxgoro Buga MM u kaxgoro w3
NsiTM  pes3ynbTaToB MOCTPOEHa OTAEenbHasi MHOXECTBEHHasi TNUHeNHas perpeccusi. BHyTpeHHss
BHEBbLIOOPOYHAs CMNOCOOHOCTL OLEHEHa MNepeMellaHHOW MATUKPATHOM MNepPEeKPECTHOW MpPOBEPKOW
C UKCUPOBaHHBLIM HayanbHbiM 3HadYeHnem 42. MNMepeHOCUMOCTb MccrnefoBaHa Ha NsTM obbekTax
3anagHow [lMpopBbl C MOMHLIM HAabOPOM BXOAHLIX AaHHbIX MyTEM pacyeTa Tpex ansTtepHaTuB Ans
Kaxxgoro obbeKTa M HEYETKOro max-min paHXnpoBaHus.

Pesynbratbl. [1na 06paboTku npusaboriHom 30HbI ¢ nepdopaumen koadpdpuumeHT R npu nepekpectHon
npoBepke coctaeun 0,530 gna npopormkuTenbHocTM adhdpekta u 0,522 ans nebuta HedTn nocne
Bo3gencTBusA. [na kucnotHo obpaboTkm ¢ nepdopaumen Haubonbllee 3HavyeHue MOony4eHo no
nebuty HedTM nocne Bo3gericteua (0,667). Mogenu onTummsaumm pexvma Obinv HEeYCTONYUBLIMU,
cnabblii  NOMOXMTENbHbLIA pe3ynbTaT MnoflydeH TOnbko Anst aebuta HedTM nocne BoO3dENCTBUSA
(R? = 0,235). B pacyetax no 3anagHon [NpopBe onTummMsaumsi 3aHsina nepBoe MecTo AN obbekToB
IX-2 n VIII-2, obpaboTka npusabonHon 30Hbl ¢ nepcdopaumen — ana T-1ll n VIII-3, knucnotHas obpaboTka
¢ nepdopaumen — ans T-I1l. SHa4yeHns DYyHKLUN NPUHAANEXHOCTU peLleHns Haxoaunucb B AvanasoHe
0,15-0,48.

3akntoueHue. ogxon npurogeH AN NpeaBapUTENbHOTO CKPUHWMHIA WM CPaBHUTENbHOW NoadepXKKu
peweHnn, HOo He pgAna ©0e3ycnoBHOrO MPOrHO3MpoBaHMA BHe obnactu kanubposku. [lepen
NPOM3BOACTBEHHLIM MPUMEHEHWEM HeobxoaMMbl fokanbHas nepekanubpoBka W npoBepka Mo
aKTU4ECKUM pe3ynbTaTaMm MepPONPUATUIA.

Knroveewble crioea: 2e0/1020-MEXHUYECKUE MepPOrpusimus, XapakmepucmuKu MeCMmOpPOXOeHUS,
peapeccuoHHoe modenuposaHue, Memo0 a/1a8HbIX KOMIIOHEHM, HeYemKue MHoXecmea, rnepekpecmHasi
rnposepka.

Kak umtupoBarb:

Xanmypurn XK.K., Abuwee M.H., Apcmananuee E.Y.,, u dp. AHamu3 u oOUEHKa BMUSHWS [eonoro-
HM3NYECKMX U TEXHOMOTMYECKMX XapaKTEPUCTUK MECTOPOXAEHNUS Ha noka3aTteny 3pdeKkTUBHOCTU reonoro-
TEXHUYECKNX MeponpusaTui // BecTHuk HedpTerasoBon otpacnu Kasaxctana. 2026. Tom 8, Ne3. C. 42-49.
DOI: 10.54859/kjogi109026.
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TynHycka 3epTTey

FeonorvsanbIK-TeXHUKanbIK Wapanap TMiMAainiridi4 kepceTkiwTepiHe
KeH OPHbIHbIH reosioruAnbIK-PU3nKarnbIK XXoHe TeXHONMOrMsAsbIK
cvnaTTamMmanapbl dcepiH Tanpay xaHe 6aranay

X.K. XanTypuH, M.H. 96iwes, E.Y. Apctananues, XX.K. 3angemoBa, .M. MegetoB
C. ©mebaes ambiHOarbl Ambipay MyHal xaHe 2a3 yHueepcumemi , Ambipay Kanacsl, KazakcmaH

AHOATNA

Herizgey. leonornanbik-TexHukanslk wapaHblH, (ML) HeTuxeci kabaT kacueTTepi MeH acepre OewiHri
nanganany xargannapblHblH GipneckeH blknanbiMeH aHblkTanagbl. Tapuxm Kacinwinik AepekTep YHfbl-
Manapgpbl TaHoayabl Herisaeyre kemekrecesi, anana ipikTeMeHiH, KypblnbIMbl, ipikTeMeaeH TbiC Tekcepy
XKOHe KonaaHbiny LWeKTepi HakTbl KepceTinMece, anblHFaH Tayenainikrepai 6acka KeH OopHbIHa Kewipy
Genrici3 6onbin kanagsbl.

MakcaTbl. KeH OpHbIHbIH, reonorusanblk-puankanblk xaHe TEXHOMNOrMAnbIK cunattamanapbiHbib, [TLL
TuimainiriHiH 6ec kepceTkilliHe acepiH Tangay *eHe baranay, coHaan-ak anbiHFaH mModenbaepaid acep
€Ty HyckanapblH allblK CanbICTbipManbl TaH4ayfFa XapamabblfbliH aHbIKTay.

Martepuanpap meH agictep. bactankbl matepuan 107 Tapuxu xafganabl KAMTbiAbl: YHFbIMA MaHbl an-
MarFblH nepdopauusameHr eHaeyaiH 38 xargarbl, nepdopaunsiMeH KbiWKbINablk eHaeyaid 32 xaraanbl
XKOHe eHfipy peXuMiH oHTannaHabipyabiH 37 xargansl. OH anTbl Kipic kepceTkili usunkanblk TyprblaaH
TYCIHAIPINETIH TOfFbI3 Kypamaac arHbIManbiFa Typnengipingi. Opbip 'MW Typi xoeHe 6ec HaTuxXenik Kkep-
CETKILUTIH 9pKaNChIChl YLLIH XeKe KenTiK CbI3bIKTbIK perpeccus Kypbingpl. IpiktemeneH Toic iwki kabinet
42 TypakTbl GacTanksl MaHi Gap apanacTelpbinFaH 6ec GenikTi ankacnanbl TekcepymeH Garanangbl.
Kewwipy mymkiHairi Tonblk Kipic aepektepi 6ap batbic MNpopea kKeH OpHbIHbIH 6ec 06bekTiciHae ap 0ObekT
YLWiH YW 6anaMaHbl ecenTey XaHe aHblk eMec max-min paHXuprey apkbiibl 3epTTengi.

HaTtuxenepi. ¥HfbiMa MaHbl aiMafFblH nepdopaumnsMeH eHaey YLiH arkacnanbsl Tekcepyaeri R? acep
y3aKTbiFbl 6onbiHWwa 0,530, an acepaeH kewiHri MyHan aebuti 6onbiHwa 0,522 6onapl. Mepdopaumnsamer
KbILUKbINAbIK OHOEYAE €H XOoFapbl HOTUXE acepaeH KeuiHri myHan nebuti 6onbiHwa 0,667 kypaabl. OH-
ipy peXvMiH OHTannaHabipy mMogenbaepi Typakcbid 6onabl, acepaeH KewiHri MyHan gebuTi ywiH faHa
anci3 oH HaTwxe anbiHabl (R? = 0,235). batbic MNpopBaga 1X-2 xaHe VIII-2 o6bekTinepi ywiH oHTannaH-
abipy, T-1ll xxeHe VIII-3 ywiH yHfblMa MaHpl anmarbiH nepdopaumamen eHaey, T-11 ywiH nepdopaumsamer
KbILLKbINAbIK eHaey GipiHwi opbiH anabl. Wewimre Tnecinik manaepi 0,15-0,48 apanbifbiHaa 6onabl.
KopbITbIHABI. ¥CbIHbINFAH TACIN angblH ana CKPUHWHE MeH canbICTbipMans LWeLiM kabbingayasl Kon-
fpayra xapamgpl, bipak kanubpney aviMarbiHaH ThIC LIAPTCHI3 Bomkam xacayfa apHanmaraH. OHAIPICTiK
KongaHy angblHaa XeprinikTi kakTa kannbprey xaHe HakTbl HaTvxkenep BoMbIHLIA TEKCEPY KaXeT.
Hezizzi ce30ep: eeonoausifbiK-mexHUKanblK wapanap;, KeH OpHbIHbIH  curnammamanapbl;
peepeccusinbiK Modenboey; Heaidei KomrnoHeHmmep 90iCi; aHblK eMec XubIHOap, alkacnarbl MmeKcepy.

[oawnekces iipy yLliH:

Abuwee M.H., XXanmypun XX.K.,, Apcmananuee E.Y., xoHe 6. [eonornsanbik-TEXHUKanbIK Luapanap
TUIMAINIriHiH, KepceTKiLUTEPIHE KeH OPHbIHbLIH FEONOrMAnbIK-PU3nKanbik XXaHe TEXHONMOTUANbIK cunaTTaMmarnapbl
acepiH Tangay xoHe Oaranay // KasakcTaHHblH MyHal-ra3 canacbiHblH xabapubicbl. 2026. 8 Tom, Ne3.
42-49 6. DOI: 10.54859/kjoqi109026.
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Introduction

Maintaining field-development efficiency and oil-
production intensity requires geological and technical
measures that are compatible with the actual
reservoir and operating conditions. The same
intervention may produce different results in different
formations because its effect depends on formation
thickness, oil-saturated and opened thicknesses,
porosity, permeability, fluid properties, saturation,
and pre-treatment production conditions [1—4].

In field practice, the selection of treatment type,
candidate well, and operating parameters is often
based on the experience of geological and production
departments. This experience is indispensable,
but an ad hoc choice may not integrate all
relevant geological, geophysical, technological,
and production indicators. As a result, transferring
a measure that was successful in one reservoir
to another reservoir or field does not necessarily
reproduce the same effect [2-8].

Mathematical models can organize heterogeneous
information and compare alternative interventions
under uncertainty. Their practical value, however,
depends on the transparency of the calibration
sample, a genuinely out-of-sample assessment,

and explicit limits on transferability. These re-
quirements are especially important for small
historical datasets in which reservoir units may
repeat and field identifiers may be incomplete.

The aim of this study was to analyse and eva-
luate the influence of geological, physical,
and technological reservoir characteristics on
five geological and technical measure (GTM)
performance indicators; to document the available
sample structure; to evaluate internal out-of-sample
performance; and to determine whether the models
can support comparative screening of intervention
alternatives under incomplete information. The study
was not intended to create a universal predictor
applicable without local verification.

Materials and Methods

The analysis used three related data components.
The Tengiz annual series provided field-develop-
ment context. The intervention-level matrix contai-
ned the cases used to construct and test the perfor-
mance models. The West Prorva material supplied
a target set for scenario calculations. The size,
role, and principal limitation of each component
are summarized in Tab. 1.

Table 1. Structure and analytical role of the source data

Data component Field / object Available sample Analytical role Qualification
. . 10 annual observations, |Contextual comparison of field- Not used to fit intervention
Annual field series Tengiz L .
2002-2011 development indicators regressions
NWZT+P cases Several_flelds; identifiers n=38 Regre§5|on modelling and internal | Field-blocked validation
not retained validation cannot be performed
Acid treatment + Several fields; identifiers _ Regression modelling and internal | Field-blocked validation
N . n =32 A
perforation not retained validation cannot be performed
. s Several fields; identifiers _ Regression modelling and internal | Field-blocked validation
Production optimization . n=237 A
not retained validation cannot be performed
Target-field set West Prorva 9 units fiescrlbed; ) App|.lcabl|lty test and alternative  |Observed case-k.evel
5 complete; 15 scenarios [ranking outcomes unavailable

NWZT+P — near-wellbore-zone treatment plus perforation. The consolidated intervention matrix contains 107 cases in total. A reliable field identifier

was not retained; therefore, sample counts by individual field cannot be reconstructed from the available tables.

Each intervention case contained 16 inputs: total
formation thickness x,; oil-saturated thickness
x,; opened oil-saturated thickness x,; sandiness
coefficient x,; porosity x,; permeability x,; reservoir-
oil viscosity x_; oil density x,; gas content x,; initial
oil saturation x, ; formation temperature x,; paraffin
content x, ,; sulfur content x_,; pre-treatment oil rate
x,,, pre-treatment fluid rate x,; and pre-treatment
water cut x, . Units were standardized as m, fraction,
1072 pym?, mPa-s, t/m3 mt, °C, %, and t/d, as
applicable.

Five outcomes characterized GTM performance:
effect duration Y, (d), incremental oil Y, (t), oil-rate
increment Y, (t/d), post-treatment oil rate Y, (t/d),
and post-treatment water cut Y, (%). The three
intervention groups were NWZT+P, acid treatment
plus perforation, and production optimization.

The original 16-dimensional description was
reduced to nine composite variables using principal-

component reasoning and physically interpretable
combinations [9-12]. The final transformations were:

Zy = x3/ (%1 —x2) )

Zy = X6 *X3 /%7 (2)

Z3 = 0.397065x, + 0.602935x; (3)
Zy = 0.460477x,, + 0.539523x (4)
Zs = 0.402704x,, + 0.597296x,5 5)
Zg = xg (6)

Z; = Xg (7)

Zg = Xq9 (8)

Zy = X11 9)

z, describes the relationship among total, oil-
saturated, and opened thicknesses; Zz, represents
hydraulic conductivity. z, combines sandiness and
porosity, z, combines paraffin and sulfur contents,
and z, combines pre-treatment oil and fluid rates.
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The coefficients in the weighted pairs were retained
from the source calculation scheme.

For each intervention type and each outcome,
a separate multiple linear regression was fitted:

Y —hat(k) = ao(k) + sum[j = 1..9]¢;(k) Z; (10)

Internal out-of-sample performance was evaluated
separately within every intervention group by
shuffled five-fold cross-validation with random seed
42. In each iteration, four folds were used to refit
the model and the held-out fold was predicted.
Held-out predictions from all folds were pooled.
We report the coefficient of determination (R?)
and median absolute percentage error (MdAPE);
observations equal to zero were excluded only from
the percentage-error calculation. Calculations used
the rounded values in the source dissertation tables
[8], so minor differences are possible if the original
unrounded operational database is restored.

The West Prorva calculation is treated as an appli-
cability test rather than independent external
validation. Complete input vectors were available
for five reservoir units, and three intervention
scenarios were calculated for each unit. Observed
case-level outcomes for these scenarios were not
available; consequently, the exercise tests whether

the model can process the target conditions and
rank alternatives, but not whether its numerical
predictions are accurate on a new field.

For each scenario, the five predicted outcomes
were converted to normalized membership values
u,;~#s according to fuzzy-set theory [13]. Increasing
functions were used for the outcomes to be maxi-
mized, whereas water cut was minimized. With
equal weights, the decision membership (uD) was:

uD = min(ul, p2, u3, u4, u5) (11)
For each reservoir unit, the intervention with
the largest uD was ranked first. This conservative
max-min rule prevents an alternative with one very
weak outcome from being selected solely because it
performs well on the remaining criteria.

Results

Analysis and Synthesis of the Main Well-Intervention
Efficiency Indicators

The source matrix represents three intervention
types with 32-38 cases per group and nine
composite predictors. Five-fold cross-validation was
therefore used to distinguish descriptive agreement
from the ability to predict held-out observations. The
verified results are presented in Tab. 2.

Table 2. Five-fold cross-validation by intervention type (R?/ MdAPE, %)

Intervention n Y, Y, Y, Y, Y,
NWZT+P 38 0.530/15.2 0.296 /23.5 -0.307 / 31.9 0.522/24.0 -0.002/22.0
Acid treatment + perforation 32 0.247/18.4 0.261/20.4 -0.174/39.0 0.667 /23.3 -0.325/31.1
Production optimization 37 -6.843/60.2 -18.589/14.8 -97.549/24.7 0.235/26.0 -66.266 / 39.6

Negative R? means that held-out predictions were poorer than prediction by the corresponding sample mean.

For NWZT+P, the most stable held-out relationships
concerned effect duration and post-treatment oil rate.
Incremental oil showed only limited predictive abi-
lity, while oil-rate increment and water cut were not
predicted reliably. For acid treatment plus perforation,
post-treatment oil rate was the only outcome
with a clearly useful positive R2 Production-opti-
mization models were unstable for four outcomes;
the model for post-treatment oil rate retained only
weak positive ability.

These results modify the interpretation of the original
in-sample comparisons. Small deviations between
calculated and observed values in the calibration
table do not by themselves establish forecasting
ability. The low case-to-predictor ratio, repeated
reservoir units, rounding, and heterogeneous
operational practice increase the uncertainty of every
equation. The models should therefore be used
together as a comparative screening system rather
than as five independent unconditional forecasts.

Forecasting Performance Indicators under
Different Field Conditions and Selecting Further
Technological Decisions

The constructed equations were applied to West
Prorva reservoir units whose geological and

46
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technological conditions differ from the calibration
cases. Of nine described units, five had the complete
inputs needed for calculation: VIII-2, VIII-3, 1X-2,
T-Il, and T-lll. Three intervention alternatives were
evaluated for each unit, producing 15 scenarios.
Tab. 3 reports the highest-ranked alternative
for each unit.

Production optimization ranked first for [IX-2
and VIII-2. NWZT+P ranked first for T-lll and VIII-3,
whereas acid treatment plus perforation ranked
first for T-ll. The decision memberships were
modest. This agrees with the source observation
that some target conditions produced excessively
high or low numerical forecasts because the target
and calibration data came from different fields.

The ranking therefore preserves the original
purpose of the approach: to compare alternatives
when information is incomplete. At the same time,
the low membership values are warning signals.
They indicate that the target object does not
closely reproduce a confident calibration pattern
and that the numerical results should be checked
by field-specific engineering analysis before
implementation.
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Table 3. Highest-ranked intervention for West
Prorva reservoir units

Reservoir| Highest-ranked

unit intervention (e iferpictation
Production Highest membership

1X-2 A 0.48 .
optimization among the three scenarios

T NWZT+P 035 Relative preference; local

verification required

Acid treatment + Relative preference; local

i perforation 0.33 verification required
. Low membership;
VIII-2 Prqdupthn 0.29 |recommendation is
optimization .
tentative
Very low membership;
VIII-3  INWZT+P 0.15 |insufficient for direct

deployment

Values are relative scores within the three alternatives tested for each
reservoir unit; they are not probabilities of success.

Discussion

The analysis confirms that geological, physical,
and technological variables contain useful
information for GTM assessment, but the strength
of the relationship differs markedly among outcomes
and intervention types. This outcome-specific
behaviour is physically plausible. Treatment
response depends not only on the reservoir
variables retained in the matrix but also on treatment
volume, chemical concentration, perforation design,
well integrity, equipment condition, execution
quality, downtime, and contemporaneous operating
constraints. These variables were not represented
in the consolidated dataset.

The fuzzy max-min rule remains useful because
it organizes a multi-criteria decision and makes
the limiting outcome visible. Nevertheless, fuzzy
ranking cannot repair weak underlying regressions.
When an outcome model has poor held-out
performance, its membership value also carries
substantial uncertainty. A responsible workflow
should use the ranking to shortlist alternatives,
then apply local simulation, economic screening,
integrity checks, and expert review.

The West Prorva exercise demonstrates compu-
tational transfer, not predictive transfer. The pro-
cedure accepts a new input vector and produces
a comparative order, but the absence of observed
post-treatment outcomes prevents independent
external validation. Prospective application sho-
uld record the selected candidates, predicted
indicators, treatment design, and actual results
so that the model can be recalibrated and tested
on genuinely independent field data.

Limitations of the approach
The consolidated intervention matrix does not re-
tain a reliable field identifier. Representativeness

ADDITIONAL INFORMATION

Funding source. This research was carried
out independently by the authors, without external
financial support.

by individual field and field-blocked validation
therefore cannot be established from the available
material.

The group sizes are small relative to nine predictors,
and repeated reservoir units may reduce the effec-
tive number of independent observations. Five-fold
cross-validation limits optimistic interpretation but
does not remove this structural uncertainty.
Calculations were reproduced from rounded
tabulated values. If the original unrounded database
becomes available, the regressions and validation
metrics should be recalculated.

West Prorva supplied complete inputs for only five
units and no observed outcomes for the calculated
alternatives. The ranking is therefore an applicability
test, not an independent external validation.
Intervention-design variables, execution quality,
well integrity, downtime, and economic indicators
were not included. Equal criterion weights may
not correspond to local operational priorities. The
equations should be used only within the observed
input ranges and for intervention definitions
consistent with the calibration data. Materially
different geological or operational conditions require
local recalibration and prospective validation.

Conclusion

The original research logic — from geological
and technological indicators, through dimensionality
reduction and regression, to fuzzy comparative
selection — has been retained. The available
intervention matrix contains 107 cases distributed
among three GTM types and supports exploratory
modelling and comparative analysis.

Five-fold cross-validation showed that predictive
ability is outcome-specific. The most useful results
were obtained for effect duration and post-treatment
oil rate after NWZT+P, and for post-treatment oil
rate after acid treatment plus perforation. Most
production-optimization equations were unstable
on held-out observations.

The fuzzy-set procedure provides a transparent
ranking of alternative GTMs. For the five complete
West Prorva units, the preferred alternatives
reproduced the source calculations, but the decision
memberships were low to moderate.

Accordingly, the method may be used for preliminary
screening and comparative decision support.
It should not be used for unconditional numerical
prediction outside the calibration domain. Field-
specific recalibration and validation against
observed post-intervention results are required
before operational deployment.
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