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Abstract

The oil and gas industry operates under high-risk conditions characterized by infrastructure degradation,
operational uncertainty, and environmental sensitivity. Effective integrity management of pipeline systems
requires continuous monitoring, defect evaluation, degradation prediction, and maintenance decisions based
on safety and economic criteria. Although decision support systems are widely applied in this field, most
remain fragmented and do not provide an integrated framework linking monitoring data, structural assessment,
remaining life estimation, and maintenance planning.

This work develops a digital twin—based decision support system for pipeline condition monitoring and
remaining life assessment. The digital twin is defined as a continuously updated representation of the physical
asset linked to inspection and operational data with predictive capability [1]. A deterministic integrity core
for corrosion defects is implemented using the Modified B31G method, enabling calculation of allowable
pressure, utilization ratio, and structural adequacy indicators. Further development will extend the model
toward a probabilistic, time-evolving digital twin incorporating uncertainty propagation and degradation
dynamics [2].
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Iln¢poBoii ABOITHUK HA OCHOBE CHCTEMbI MOIEPKKH MPUHATHSI PeleHUii IJIsi MOHUTOPUHIA
COCTOSIHMSI TPYOOIIPOBOIOB H OIIEHKH OCTATOYHOI0 pecypca
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AHHOTALUSA

Hedrerazopas otpacib ¢yHKIIMOHUPYET B yCIOBUSIX TOBBINIEHHOTO PHCKA, BKIIOYAOIINX MAaCIITa0-
HYI0 HHPPACTPYKTYpy, CTapeHHe 000PYAOBaHHS, SKCILTYaTAIHOHHYIO HEOTIPEIEIIEHHOCTh U DKOJIOTHIECKYTO
YYBCTBUTEJIBHOCTh. YTIPABJICHHE LIEIOCTHOCTHIO TPYOOITPOBOIHBIX CHCTEM TPeOyeT HEeITPEePhIBHOIO cO0-pa
JAHHBIX O COCTOSIHWH, aHanm3a Ne(heKTOB, MPOTHO3MPOBAHUS JETpalallii U BHEIOOpa MEPONPUATHI I10
TEXHUUYECKOMY OOCITY)KUBAHHIO C YU€TOM TpeOOBaHUH 0€30MacCHOCTH U SKOHOMHYECKOM 3P (PEKTUBHOCTH.
Hecmotps Ha mmpokoe MprMEeHEHUE CUCTEM TIOICPIKKU IPUHATHSI PEIICHUH, OOJBIIMHCTBO CYIIECTBYIO-
IIMX PENICHUH OCTAIOTCS parMeHTapHBIMUA U OPHEHTHPOBAHBI Ha OT/EIbHBIC 337auu 0e3 GopMUpoBaHUs
WHTETPUPOBAHHON apXUTEKTYPHI, 00BEANHAIONIEH MOHUTOPHHT, OIICHKY MPOYHOCTH, IPOTHO3 OCTATOYHOTO
pecypca U TUTaHUPOBaHUE 00CITyKUBaHUSI.

B pabore pa3zpaboTrana cucrema MmoAaep KKy IPHHSITHS PEIICHIH Ha OCHOBE IU(POBOTO TBOMHUKA TS
MOHHMTOPUHIA COCTOSIHUS TPYOOIPOBOJIOB M OLICHKH 0CTaTOYHOIr0 pecypca. L{ubposoit 1BoiHKMK paccMaT-
PUBACTCA KaK JUHAMHWYCCKHU 0OHOBIIIEMOE peaACTaBJICHUEC (bI/ISI/I‘IeCKOFO O6’beKTa, CBSI3aHHOC C JaHHBIMU
WHCIICKITUI 1 dKCIUTyaTauu 1 00J1agaroIiee MpOTHOCTHYECKIMHI BO3MOXKHOCTSIMU. B KauecTBe HavaIbHOM
pean3aliy MCIIOJIb3YETCs JCTEPMUHUPOBAHHOE MTPOYHOCTHOE SIIPO IS 1e(hEKTOB KOPPO3UOHHOTO THIIA
Ha ocaoe Metona Modified B31G. JlanpHeiiee pa3BuTHe HAIPABIEHO HAa PACIIMPEHNE MOJENIH 0 Be-
POSITHOCTHOTO, IBOJIIOIMOHUPYIOMIETO BO BPEMEHH LU(POBOTO IBOWHHKA C YUETOM HEOIPENEICHHOCTH
M3MEPEHH 1 TTapaMeTPOB JIeTpaialliy.
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Kurwuesbie cjioBa

IUQpPOBON BOWHHUK, CHUCTEMa MOJACPKKUA NPHUHATHS PEUICHHWH; LEIOCTHOCTh TPyOONpOBONIOB;
OCTAaTOYHBINA pecypc

Oil and gas pipeline networks operate under strict safety and environmental requirements.
Integrity management relies on heterogeneous information including inspection data, operational
measurements, and expert conclusions. Decision Support Systems have been applied using multi-
criteria decision-making approaches [3] and uncertainty-aware evaluation frameworks [4]. However,
most existing solutions address isolated tasks and do not provide an integrated architecture connecting
monitoring, structural integrity assessment, remaining life estimation, and maintenance planning.

In this work, the digital twin is implemented as a structured representation of pipeline segments
and corrosion defects derived from inspection and operational records. Parameters are validated and
transformed into features forming the digital state of the pipeline. Structural integrity is evaluated
using a deterministic operator based on the Modified B31G method, calculating allowable pressure,
utilization ratio, and adequacy classification. This deterministic backbone provides interpretable
safety indicators and enables identification of segments requiring attention.

Further development will extend the deterministic model toward a probabilistic, time-evolving
digital twin by introducing uncertainty propagation and degradation modeling consistent with prob-
abilistic digital twin formulations. This extension will enable remaining life prediction, quantified
failure probability, and risk-informed maintenance optimization.
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