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ABSTRACT

Background: Aboveground Storage Tanks (ASTs) are critical assets in the oil and gas sector, where
maintaining their structural integrity is essential for operational safety, environmental protection,
and cost-efficiency. In Kazakhstan, traditional time-based inspection (TBI) methods dominate, despite
their inefficiency and inflexibility. The integration of Risk-Based Inspection (RBI) with advanced Non-
Destructive Testing (NDT) technologies offers a promising alternative to optimize inspection intervals
and improve asset management, especially considering regulatory limitations and economic pressures
that intensified during the COVID-19 pandemic.

Aim: To optimize re-inspection intervals for ASTs in Kazakhstan’s oil and gas industry by integrating RBI
methodologies with advanced NDT technologies, particularly ROSEN TBIT Ultra, and to compare these
with traditional inspection methods.

Materials and methods: RBI methodology outlined in API RP 580 and 581, industrial data for the given
tank X.

Results: The integration of RBI and advanced NDT enabled prioritization of high-risk tanks, identification
of localized corrosion mechanisms, and optimization of inspection intervals. Compared to the rigid TBI
schedule, the proposed approach demonstrated higher inspection efficiency, lower resource wastage,
and reduced risk of catastrophic failure, while aligning with global standards and local legal frameworks.
Conclusion: By adopting RBI methodologies supported by technologies like ROSEN TBIT Ultra,
Kazakhstan’s oil and gas industry can transition from fixed-interval inspections toward a predictive,
risk-prioritized approach. This transition supports better asset integrity management, enhances safety,
and contributes to long-term infrastructure reliability, especially critical for aging storage systems.
Keywords: risk-based inspection;, ROSEN TBIT Ultra; NIMA Integrity Management; aboveground
storage tanks; non-destructive testing; magnetic flux leakage; inspection interval optimization; asset
integrity.
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OpM rmHanbHoO€ uccriegoBaHue

OnTUMU3aUUsA UHTepPBanoB NOBTOPHbLIX NPOBEPOK HaA3eMHbIX
CTanbHbIX pe3epByapoB ANfl XPaHEeHUs C UCMONb30BaHMEM
noaxoAaa, OCHOBaHHOIO Ha OLIEHKe PUCKa, U NMOMTHOro CKaHMPOBaHUA
AHa pesepByapa

X. YanueBa', A. Mup3soen?
'Kasaxcko-bpumaHckuli mexHu4yeckul yHueepcumem, Animamsi, KazaxcmaH
2ROSEN Europe B.V., Anmamei, KazaxcmaH

AHHOTALUMUA

O6ocHoBaHMe. HasemHble pesepByapbl SBNSAIOTCA KPUTUYECKM BaXHbIMM OObekTamu B HedTeraso-
BOW oTpacnu, obecneyeHne nx CTPYKTYPHOW LIENOCTHOCTU UMEET peluatollee 3HadeHne ans 6esonac-
HOCTW 3KCnyaTauum, oXpaHbl OKpy>KatoLLlen cpeabl U 3KoHOMUYeckon adpdekTuBHocTU. B KaszaxcraHe
no-npexHemy npeobnagarT TPaguUMOHHbIE METOAbl MHCNEKUMN C (DMKCUPOBAHHLIMU WHTEpBanamu,
HeCMOTpsi Ha UX HeadEKTUBHOCTb M HErnbkocTb. VHTerpaumsi puck-opueHTMPOBaHHOW WMHCNEKLUN
C nepedoBbIMW TEXHOMOTMAMW HepaspyLualolero KOHTPONs npeacTaBnsieT cobol MnepcnekTUBHYHO
ansTepHaTUBy ANS ONTUMM3AUUM MHTEPBANoOB MPOBEPOK U MOBbIEHNUS 3MDEKTUBHOCTA yNpaBneHus
aKkTnuBamMu, 0CobeHHO B YCIOBUAX HOPMATUBHBLIX OrPaHUYEHUI 1 SKOHOMUYECKOTO AaBneHus, 06ocTpuB-
Lwmxcs Bo BpeMs naHaemun COVID-19.

Lenb. OnTumn3npoBaTb UHTEpBarbl MOBTOPHOM UHCNEKUMN ANS HAa3eMHbIX pe3epByapoB B HedTeraso-
Bon oTpacnu KasaxctaHa nytem uHTerpauumn RBI-meTogonorun ¢ coBpemeHHbiMn HK-TexHonormusmu,
B yacTHoctu ROSEN TBIT Ultra, n npoBecT cpaBHUTENbHbLIA aHann3 ¢ TPaaMUMOHHBIMU MeToAaMu
WHCNEKLMUN.

Martepuanbl u metogbl. Metogonorust RBI, nanoxernHas B APl RP 580 n 581, a Takke npombiluneH-
Hble JaHHble N0 KOHKPETHOMY pesepsyapy X.

Pe3ynbrathl. ViHTerpaums RBI n nepenosbix Metogos HK nossonuna npuoputranposath pe3epByapbl
C BbICOKMM YPOBHEM pUCKA, BbISBUTb JTOKANM30BaHHbIE MEXaHW3Mbl KOPPO3UM U ONTUMU3NPOBATL WH-
TepBanbl NpoBepok. B cpaBHeHUn c xectkum rpacdmkom TBI npeanoxeHHbIi nogxon NpoaeMOHCTPU-
poBan 6onee BbICOKYIO 3(PEKTUBHOCTb NMPOBEPOK, CHUMKEHNE NOTEPb PECYPCOB U YMEHbLUEHNE pucka
KaTacTpodun4ecKknx 0TKa3oB B COOTBETCTBUM C MEXOYHApOAHbIMU CTaHAapTamu 1 TpeboBaHUAMK Haum-
OHarnbHOro 3aKkoHoaaTenbCTBa.

3aknruyeHue. BHeapeHve RBI-meTtogonoruii ¢ nogaepkon Takmx TexHonoruin, kak ROSEN TBIT Ultra,
no3BonuT HedTerasoBow oTpacnun KasaxctaHa neperTu OT (PMKCMPOBAaHHbIX MHTEPBarioB MPOBEPOK
K MPOrHO3npyeMomMmy, pUck-opueHTMpoBaHHOMY noaxody. Takon nepexos cnocobecTByeT nyyemy yrnpas-
NEHMI0 LENOCTHOCTbIO aKTMBOB, MOBbILLIEHNIO 6E30MacHOCTH U YCTOWYMBOCTM MHAPPACTPYKTYpbl B AONTO-
CPOYHOM NepcnekTMBe, YTO OCOBEHHO aKTyarnbHO AN CTapetowmnx CUCTEM XPaHEHMS.

Knroyeewie crioea: puck-opueHmuposaHHas uHcrnekyuss, ROSEN TBIT Ultra, NIMA Integrity
Management, HaseMHble pesepeyapbl, Hepaspywaruwul KOHMPOsb, MagHUMHbIU [10MOKO8bIl
KOHMPOJIb, OrIMuMU3auusi UHMepeasos fMpo8epokK, Uer10CMHOCMb aKmugos.

Kak untupoBathb:

Yanuesa )., Mupsoes A. OnTMm3aums WHTEpBanoB MOBTOPHbIX MPOBEPOK HaA3EMHbIX CTalbHbIX
pesepByapoB [Anst XpaHeHUs C WCMOMNb3OBaHWEM MOAXOAA, OCHOBAHHOTO Ha OLEHKe pucka, U MOMHOro
ckaHupoBaHusi AHa pesepsyapa. 2025. Tom 7, Ne4. C. 59-71. DOI: 10.54859/kjogi108863.
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TynHycka 3epTTey

Toyekenpi 6aranayfa HerisgenreH Tacingi xxeHe pe3epByapnapAablH
TYOiH TONbIK CKaHepneyai nanaanaHa oTbIpbIn, Xep ycTi bonar
pe3epByapnapbiHbIH AUarHoCTUKarnbIK apanblK MHTepBanbIH
OHTaunaHAabIpy

XK. YanueBa', A. Mup3soen?
'Kasak-bpumaH mexHukarbIK yHueepcumemi, Anmamal Kanacel, KazakcmaH
2ROSEN Europe B.V., Anmameb! kanacbl, KazakcmaH

AHHOTALMUA

Herisaey. XKep ycTi pe3epByapnapbl MyHal-ra3 canacblHaarbl MaHbl3abl 06bekTinep 6onbin Tabbinagl,
MyHAa naviganaHy Kayincisairi, koplaraH opTaHbl KOpFay XXeHe 3KOHOMUKanbIK TMIMAINIK yLWwiH onapabiH
KypbINbIMAbIK TYTaCTbIfblH KAMTaMachl3 €Ty eTe MaHbi3dbl. KasakctaHga Tuimciaairi MeH mkemcisgiriHe
KapamacTaH, 6enrineHreH MHTepBariMeH MHCNeKuusinayablH 4acTypri agicTepi ani Ae 6ackiM. Tayekenre
OarbiTTanfaH MHcnekumsHbl Oy36anTbiH BGakbinayablH 03blK TexHororusnapbiMeH GipikTipy Tekcepy
MHTepBangapblH OHTaWnaHabIpyFa xaHe akTMBTepai 6ackapy TuiMmainiriH apTTeipyFa, acipece COVID-19
naHOeMUSICbl Ke3iHae LUMEeNeHiCKEH HOPMAaTUBTIK LUEKTeyrnep MeH 3KOHOMMKArbIK KbICbIM >XaFdanbiHaa
nepcnekTueansl 6anama 6onbin Tabbinagbl.

MakcaTtbl. KazakcTaHHbIH MyHali-ra3 canacblHaarbl XXep YCTi pesepByapnapbl YLUiH kaiTa MHcnekumsnay
nHTepBangapblH RBIl-agicHamaHbl kasipri 3amanfbl HK-TexHonorusinapmeH, atan anTtkaHga ROSEN
TBIT Ultra wuHTerpaumanay apkbifibl OHTaWnaHAbIpy XoHe WHCMEeKUMsHbIH O9CTYpni aaicTepiMeH
canbICTbipMarnbl Tanaay Xypriay.

Martepunanpap meH apictep. APl RP 580 xaHe 581-ge kepcetinreH RBI agictemeci, coHpan-ak
X pesepByapblHa apHanfaH eHAIpICTiK AepekTep KonaaHbinabl.

HaTtuxenepi. RBI xaHe HK 03blK aaicTepiH OipikTipy Toyeken AeHreni >xofapbl pesepByapnapra Oa-
cbiMablKk Gepyre, KOPPO3WsHbIH, NoKanusauusanaHFaH MexaHU3MAepiH aHbIKTayFa >XoHe Tekcepy apa-
NblKTapbIH OHTannaHabipyra myMkiHaik 6epai. KataH TBI kecTtecimeH canbiCTbipFaHAa YCbIHbIIFaH TaCiN
Xanblkaparnblk CTaHAapTTap MeH yNTTblK 3aHHamaHblH TananTapblHa COWKeC TekcepynepaiH »ofapbl
TWIMAINIrIH, pecypcTapablH biCbipanTapblH a3anTyabl XoHe anaTTbl iCTEeH LWbIFy KayniH a3anTKaHObIFbIH
KOPCETTI.

KopbiTbiHabl. ROSEN TBIT Ultra cusikTbl TexHonoruanapgsl kongan oteipbin, RBI-agictemenepiH eHri-
3y KasakcTaHHbIH MyHaw-ra3 canacblHa Tekcepynepgin, 6enrineHreH nitepsangapbiH 6omkamabl, Toye-
kenre 6argapnaHfaH Tacinre kewyre MyMKiHAIK 6epeai. MyHaan aybicy akTMBTEpAiH TyTacTbiFbiH backa-
pyabl XakcapTyFa, y3aK Mep3iMai nepcrnektmBaga MHMpaKypbInbIMHbIH, KayincCi3airi MeH TypakTbinbIFbIH
apTTbipyFa biknan eteqi, 6yn acipece ecki cakray XyrenepiHe kaTbICTbl 60MbIN OTbIP.

Hezizzi ce3dep: meyekenze barbimmarnraH uHcriekyus, ROSEN TBIT Ultra, NIMA Integrity
Management, xep ycmi pe3epsyapnapbi, by36alimbiH 6akbinay, MazHuUmMmik arbiHObI bakbinay, mekcepy
uHmMepeandapbiH OHMalnaHobIpy, akmusmepoiH mymacmbifbi.
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Introduction

Aboveground Storage Tanks (ASTs) play a cru-
cial role in industries like oil and gas, chemicals,
and agriculture, offering essential storage for liquids
and gases. Ensuring the structural integrity of these
tanks is vital for operational safety, environmental
protection, and cost-effectiveness.

In Kazakhstan, the growth of large-scale stor-
age facilities was raised on a high level during
the COVID-19 pandemic, which posed un-
precedented challenges to industries globally,
with the oil and gas sector being significantly af-
fected. The crisis caused a sharp drop in global
demand, resulting in a need to store produced oil,
storage overcapacity, and economic stagnation.
This period underscored the critical need for robust
AST integrity management to safeguard assets
during market downturns and to facilitate recovery
as global demand rebounded.

Here’s a Tab. 1 of AST capacities in cubic meters
by country, based on available data. The figures
primarily refer to crude oil and petroleum products
storage capacities.

Table 1. AST capacities in cubic meters by country

Country Estimatec.i II\ST Capacity,
million m?®

United States 350-400

China 320-360

India 75-80

Japan 60-70

South Korea 50-60

Netherlands 40-50

Germany 35-45

UAE 30-40

Saudi Arabia 30-35

Singapore 25-30

Russia 25-30

Brazil 20-25

Canada 15-20

UK 10-15

Australia 8-10

Source: statista.com

Optimizing re-inspection intervals is vital for AST re-
liability. Advanced NDT methods help detect hidden
deterioration, reducing failure risks. Combining RBI
with techniques like tank bottom scanning improves
inspection efficiency, extends asset life, and supports
better risk management.

In Kazakhstan, current regulations mandate fixed
inspection intervals — for example, every eight
years — under the ST RK standard. While this en-
sures compliance, it doesn’t consider dynamic risks
like localized corrosion or changing conditions, lead-
ing to inefficiencies and missed chances for targeted
maintenance’.

In contrast, the RBI methodology, as outlined in API
Recommended Practice 580 [1] and the quantitative
framework provided in APl Recommended Practice
581 [2], encourages the use of non-invasive inspec-
tion techniques that allow for accurate assessment
of material condition and damage mechanisms with-
out compromising operational safety. These tech-
niques have been shown to offer superior reliability
in detecting localized corrosion, cracking, and other
integrity-related anomalies, particularly in corro-
sion-prone zones of aboveground storage tanks.
While the national standard mandates external vi-
sual inspection to evaluate the condition of the tank
surface, internal visual inspection is generally not
considered a standard practice within RBI programs.
Instead, advanced non-destructive testing methods,
such as MFL, ACFM, Eddy-current, are employed
to monitor internal surfaces based on the identified
degradation mechanisms, thus minimizing personnel
exposure and enhancing inspection efficacy.

In summary, while national regulations in Kazakh-
stan mandate periodic hydrostatic testing to main-
tain tank integrity, modern RBI-based approaches —
aligned with international standards like APl RP
580 and 581 — offer a more efficient, risk-focused
strategy. These methods enhance reliability, re-
duce inspection frequency for low-risk equipment,
and support global safety and sustainability goals.
Although RBI is not yet widely implemented

Figure 1. Overview of NDT methods used for AST

In red — advanced NDT methods

' «MyHal xaHe MyHal eHiMaepiHe apHanFaH pesepByapnapabl NaiaanaHy xaHe xeHaey KesiHaeri eHepkacinTik kayinciagikTi
KaMTamachl3 eTy KafupganapbiH G6ekiTy Typanbl» KasakctaH Pecny6nukacel TeTeHLe xafgannap MUHUCTPIHIH 2021 Xbinfbl
15 maycbimgarbl Ne 286 OyiipbiFbl. KasakctaH PecnybnukacbiHbiH, Opinet munuctpniringe 2021 xbinfbl 17 maycbiMaa

Ne 23068 GonbIn Tipkenai.
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in Kazakhstan, the legal framework for its adoption
exists. Resolution No. 717 (December 30, 2011)?,
provides a methodology for risk assessment in state
control and supervision, laying the groundwork
for risk-based practices. However, practical appli-
cation of RBI remains limited and is still evolving
across industries.

A major challenge is demonstrating the clear bene-
fits of RBI and advanced inspection technologies
over traditional time-based methods. This calls
for in-depth analysis and field validation to prove
their value in optimizing inspection schedules,
improving safety, cutting operational costs,
and maintaining regulatory compliance.

Numerous studies highlight the effectiveness
of RBl in international settings. One notable example
is the Kuwait Oil Company (KOC), which success-
fully transitioned from fixed-interval inspections
to a structured RBI approach aligned with APl RP
581 and NFPA guidelines. KOC classified tanks
by risk level, identified key damage mechanisms —
such as bottom plate corrosion and roof integrity
issues — and adjusted inspection intervals based
on risk. This shift enabled KOC to prioritize criti-
cal tanks, optimize inspection resources, and en-
hance overall asset integrity. The case demon-
strates how RBI can improve maintenance planning
and operational efficiency in large-scale industrial
operations [3].

However, in Kazakhstan, there is a lack of officially
published studies on the application of RBI to ASTs.
Addressing this gap is essential for ensuring
the long-term reliability and efficiency of the coun-
try’s storage tank infrastructure — especially as aging
facilities and changing operational conditions call
for a more strategic approach to risk management.
The OECD’s Risk Governance Scan of Kazakh-
stan also underscores this need, pointing to short-
comings in the country’s disaster risk management
frameworks and emphasizing the importance of for-
ward-looking, risk-informed planning to enhance in-
frastructure resilience [4].

The objective of the study is to compare re-
inspection intervals for ASTs in Kazakhstan by em-
ploying an RBI framework complemented by ad-
vanced NDT methods, such as the TBIT Ultra
technology. By addressing these factors within
the context of Kazakhstan’s industrial and regula-
tory landscape, the study aims to provide a com-
prehensive framework for improving AST inspection
practices while balancing safety, environmental
stewardship, and economic viability.

Materials and methods

The RBI methodology applied in this study of-
fers a structured approach to prioritize inspection
and maintenance of ASTs by assessing the Proba-
bility of Failure (PoF) and Consequences of Failure
(CoF). These two factors define the overall risk le-
vel, guiding decisions on inspection intervals, tech-

nigues, and repairs. This approach aligns with API
RP 580 and 581, which provide industry-recognized
frameworks and quantitative tools for risk-based in-
spections in oil, gas, and petrochemical sectors.

In practice, a small portion of equipment often ac-
counts for the majority of risk. RBI enables teams
to focus resources on high-risk tanks while optimiz-
ing efforts for lower-risk ones. It involves identifying
degradation mechanisms, linking them to potential
failures, and developing targeted inspection plans.
API RP 581 offers quantitative methods to evalu-
ate PoF and CoF, enabling data-driven risk ranking
and planning.

Unlike Kazakhstan’s current prescriptive model
(e.g., ST RK standards), which mandates fixed-
interval inspections, RBI allows for condition-based
prioritization. Adopting RBI in line with API stan-
dards would enhance safety and cost-efficiency
in managing storage tank infrastructure.

Figure 2. RBI process [5]

Integration of NIMA Integrity Management
(IM) Software

In my work, | utilized NIMA Integrity Manage-
ment (IM) software as a core tool for implement-
ing RBI methodologies. Developed by ROSEN,
NIMA is an integrated platform that supports data-
driven asset integrity management by consolidat-
ing, visualizing, and interpreting large volumes
of inspection and operational data. It enables com-
prehensive risk assessments by integrating in-line
inspection results, material properties, degradation
mechanisms, and historical performance trends.
The software played a vital role in processing
inspection data, performing quantitative risk
calculations, and supporting predictive model-
ing to assess both PoF and CoF. This allowed
for dynamic adjustment of inspection intervals
based on evolving risk factors, improving planning
efficiency and resource allocation.

Within this study, NIMA IM provided a structured
framework for evaluating asset integrity, aggregat-
ing inspection data, and generating risk matrices
to prioritize high-risk equipment. By automating
the correlation between degradation mechanisms,
failure probabilities, and inspection schedules,
the software enhanced consistency, reduced sub-

2 CoBMeCTHbI npukas MuHucTpa HedTn 1 rasa Pecnybnuvku KasaxcraH ot 25 aerycta 2011 roga Ne 149 u n.o. Munuctpa
9KOHOMMYECKOro pa3BuTusi n Toproenu Pecny6nuku KasaxctaH ot 31 aBrycta 2011 roga Ne 272. 3apeructpupoBaH B MuHuc-
TepcTBe tocTuummn Pecnybnukun Kaszaxctan 12 ceHtabpsa 2011 roga Ne 7177 «O6 yTBepxAeHUN KpUTEPUEB OLIEHKN CTEMeHn
pvcka B cpepe YacTHOro nNpeanpuHUMaTensLCcTBa B 06racTi NnpoBeAeHNst HePTAHbIX onepaLmiiy.
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jectivity, and improved the accuracy of risk assess-
ments.

Additionally, NIMA IM served as a centralized data-
base for managing inspection histories, corrosion
data, and maintenance records, ensuring compli-
ance with APl RP 580 and APl RP 581 standards
and facilitating audit readiness [6].

The use of NIMA IM is particularly valuable in con-
texts where infrastructure is aging and regulato-
ry pressure for risk transparency is increasing,
such as in Kazakhstan. In this regard, NIMA
not only supports operational reliability but also
strengthens strategic risk governance and sustain-
ability in asset-intensive industries.

Risk Calculation and RBI Framework

Below is an overview of the key criteria and algo-
rithms used in risk calculation within the RBI frame-
work:

Probability of Failure (PoF): PoF is determined
by factors such as corrosion rates, environmen-
tal conditions, and the effectiveness of protective
measures like coatings and cathodic protection.
Tools like the TBIT Ultra system enhance accura-
cy by quantifying metal loss and detecting critical
defects.

Consequence of Failure (CoF): CoF measures
the potential impact of tank failure, including
downtime, environmental damage, safety risks,
and financial loss. Tanks storing hazardous
or volatile substances — like gasoline in floating

roof tanks — have higher CoF due to fire, explosion,
or vapor release risks. Environmental regulations
also raise the significance of CoF due to spill pre-
vention requirements.
Risk Calculation. Risk is calculated using the for-
mula (1):

Risk = PoF x CoF M

A risk matrix (Fig. 3) visually categorizes equip-
ment into risk levels — low, medium, high, or criti-
cal — based on PoF and CoF. This matrix supports
prioritization of inspections and optimized mainte-
nance planning. High-risk tanks require immedi-
ate action, while low-risk tanks may have longer
inspection intervals.

By combining qualitative and quantitative assess-
ments, the RBI method improves safety, reduces
costs, and enhances operational efficiency through
targeted, risk-driven inspections [7].

Time-Based vs. Risk-Based Approach
Historically, time-based inspection protocols
have been the primary method for monitoring
ASTs. Tab. 2 below outlines the regulated inter-
vals for key maintenance and inspection activities
for vertical ASTs under this approach. Unlike RBI,
the time-based method schedules tasks at fixed in-
tervals, regardless of the equipment’s actual risk
level. These standards guide maintenance prac-
tices for storage tanks in Kazakhstan and support
operational planning at industrial sites.

Figure 3. Example of Risk matrix generated in NIMA Integrity Management Software

Table 2. The industry standards timeframes in Kazakhstan®

on sediment accumulation.

No Activities Terms of Work List of Works to Be Performed
1 Protection Systems |Inspections every 6 months; maintenance annually. Maintain lightning, gﬁg{(e)(s:ti%r:{sand static electricity
Automated Control . Ensure functionality of automated systems, including
2 Systems Tested every 2 years; upgraded as needed. diagnostics and software updates.
3 Tank Cleaning Conducted every 3-5 years or as required based Perform degassing, sediment removal,

and safety cleaning of reservoir interiors.

4 Technical Diagnostics incidents.

Detailed diagnostics every 8 years or after major

Inspect tank walls, foundations, and operational systems
using technical tools.

5 Repair Works

every 10 years.

Repairs carried out as needed; major overhauls

Perform welding, component replacements,
and defect management with certified techniques.

3 CT PK 3731-2021. MpoMbILLNEHHOCTb HE(TSIHas U ra3oBasi. TEXHUYEeCcKoe OCBUAETENLCTBOBaHUE 060pyA0BaHNUs C y4ETOM

aKTopoB pucka
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According to the Standard of the Republic
of Kazakhstan ST RK 3731-2021 titled “Oil and gas
industry. Technical inspection of equipment based
on risk factors”, the determination of inspection
intervals under the RBI methodology is directly
linked to the calculated risk level of the equipment.
This standard emphasizes that inspection frequency
should be based on maintaining an acceptable
risk level for each corrosion circuit or equipment
item, rather than following fixed, prescriptive
intervals. The RBI approach provides a flexible yet
structured framework, where the higher the risk
level, the shorter the inspection interval, ensuring
that critical equipment is monitored more frequently
while low-risk equipment can be inspected less often
without compromising safety or reliability.

Tab. 3 below presents the recommended inspec-
tion intervals in accordance with ST RK 3731-2021,
reflecting the principle that inspection efforts should
be proportionate to the identified risk levels:

Table 3. Recommended Inspection Intervals
under RBI

Risk Level Inspection Interval (Years)
Negligible Risk Up to 12 years

Low Risk 6-10 years

Medium Risk 4—6 years

However, traditional time-based methods often
overlook variable risk factors affecting tank
performance, leading to inefficient resource use
and higher integrity risks. In contrast, RBI aligns
inspections with actual risk levels, improving
efficiency by up to 20% over conventional appro-
aches. This is achieved by focusing resources on
high-risk equipment, where they have the most
impact. Advanced NDT techniques like ultrasonic
testing further strengthen RBI by targeting critical
vulnerabilities such as tank bottom corrosion
and roof seal issues, enhancing the detection
and monitoring of potential failures.

Table 4. Comparison of TBI and RBI

Unlike traditional time-based inspections, RBI
prioritizes inspections based on risk assessments,
ensuring that critical components receive more
attention [8]. According to Tab. 4, TBI is cost-
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effective, requires fewer personnel, and extends
equipment life, offering 12-18% savings over
reactive maintenance. However, it may still lead
to failures, includes unnecessary maintenance,
and can be labor-intensive. RBI, on the other hand,
reduces downtime, enhances safety, and lowers
parts and labor costs, providing 8—12% savings over
TBI. Its downsides are higher upfront investments
in equipment and training, with benefits not always
clear to management. TBI emphasizes simplicity
and cost control, while RBI aims for efficiency
and safety at a higher initial cost.

Case Study

ASTs data sets overview

This study analyzed 27 ASTs across various regions
of Kazakhstan using RBI assessments and NIMA
IM software. A detailed evaluation was carried out
for each tank, with “Tank X” used as a representative
example in Tab. 5. The assessment included
key parameters to determine structural integrity,
risk level, and overall condition within the RBI
framework.Corrosion data — such as rates, repair
thresholds, RWT (before/after repair), and corrosion
allowances — were collected. Remaining Life
(RL) and Minimum Inspection Intervals (MIl) were
calculated using ROSEN methodology, factoring
in internal/external corrosion rates and regional
climate influences.

All data were processed in NIMA IM for degradation
analysis and life prediction. To support RBI
implementation, input data were divided into two
tables: one for fixed design/operational parameters,
and another for variable corrosion-related data,
allowing a clear and systematic evaluation of tank
conditions and inspection priorities.

Table 5. Summary table for Tank X

Category Parameter Value
[Tank Type EFRT
Product Stored Crude Oil
[Tank Diameter 20.9 m
[Tank Height 14.9 m
General ‘ear of Construction (Tank/Bottom) [2004
Details Last Inspection Date 2024
Intended Next Service Period 8 years
Pump-in/Pump-out Rate 2040 m3hr
[Storage Temperature 60°C
Annular Present \Yes
IAnnular Thickness 7 mm
Bottom Thickness 5 mm
Bottom eld Type Lap
Details Internal Bottom Lining \Yes
ICP System Installed lYes
[Sacrificial Anodes Installed No
[Thickness Course 1 to 6 6—-10 mm
Shell Details |Wind Stiffener Installed No
IAnchorage No

Tab. 6 presents constant parameters common
to all ASTs, including design features, inspection
confidence levels, internal lining, cathodic protection,
fluid characteristics, and product price. These serve

....................................................... 65



ORIGINAL ARTICLES

Vol. 7, Ne 4 (2025)

Kazakhstan journal for oil & gas industry

as a consistent baseline for corrosion risk evaluation.
Tab. 7 contains variable data for each tank, such
as measured corrosion rates (soil-side, product-
side, and combined), wall thickness, inspection
and installation dates, storage temperature,
and potential production loss costs. This information
forms the basis for estimating degradation,
remaining life, and identifying high-risk tanks.

Despite identical operational conditions across all
ASTs — such as crude oil storage, internal lining,
cathodic protection, and temperature — corrosion
rates vary, driven by local factors like soil chemistry,
microbial activity, and material inconsistencies.

The highest combined corrosion rate recorded
is 0.181 mml/year, signaling a more aggressive
local environment. Given a nominal wall thickness

Table 6. Constant Data

- A RBI q Internal PCa;‘hogic Fluid Inspection Inspection Soil HStetam s;I'ank Fl:r_oductl
o. ssessmen inin rotection i + P v eatin orage rice
Date Precence System | Condition | configence | Effectiveness | Resistivity | "¢ 9| Brodust | barre
1 05-Mar-2025 Yes Yes Wet Medium Medium Medium No Crude Oil 75
2 05-Mar-2025 Yes Yes Wet Medium Medium Medium No Crude Oil 75
3 05-Mar-2025 Yes Yes Wet Medium Medium Medium No Crude Oil 75
4 05-Mar-2025 Yes Yes Wet Medium Medium Medium No Crude Oil 75
5 05-Mar-2025 Yes Yes Wet Medium Medium Medium No Crude Oil 75
6 05-Mar-2025 Yes Yes Wet Medium Medium Medium No Crude Oil 75
7 05-Mar-2025 Yes Yes Wet Medium Medium Medium No Crude Oil 75
8 05-Mar-2025 Yes Yes Wet Medium Medium Medium No Crude Oil 75
9 05-Mar-2025 Yes Yes Wet Medium Medium Medium No Crude Oil 75
10 05-Mar-2025 Yes Yes Wet Medium Medium Medium No Crude Oil 75
Table 7. Corrosion and Operational Data
Corrosjon Rate - Combined |Corrosion Rate — Last : : Cost of Lost
Qs 4 < . Installation | _Nominal Wall Storag :
No. Soil Side Corrosion Product Side | Inspection ) o Production

[mmlyear] Rate [mm/year] [mmlyear] Bate ate Thickness [mm] | Temperature [°C] /day]

1 0.081 0.162 0.081 - - 5.0 60 20,000

2 0.075 0.156 0.081 - - 5.0 60 18,000

3 0.086 0.172 0.086 - - 5.0 60 22,000

4 0.079 0.158 0.079 - - 5.0 60 19,000

5 0.090 0.178 0.088 - - 5.0 60 21,000

6 0.082 0.167 0.085 - - 5.0 60 19,500

7 0.088 0.171 0.083 - - 5.0 60 20,500

8 0.084 0.165 0.081 - - 5.0 60 20,000

9 0.091 0.181 0.090 - - 5.0 60 22,500

10 0.080 0.160 0.080 - - 5.0 60 20,000

of 5 mm, this indicates faster structural degradation
and reduced service life. Production loss costs
also vary, reaching up to $22,500/day, making
it critical to prioritize tanks with both high
corrosion and economic impact in RBI planning.
These corrosion rates support tank prioritization
for inspection or repair, enable predictive remaining
life modeling, and guide proactive maintenance.

Fig. 4 consolidates soil-side (pink), product-side
(blue), and combined (purple) corrosion rates
to visually compare degradation patterns across

tanks. Soil-side corrosion reflects external factors
like moisture, soil chemistry, and microbial activity.
Higher rates suggest inadequate cathodic protection
or low soil resistivity. Product-side corrosion varies
more widely, affected by stored media, lining
condition, and temperature. Tanks with high internal
degradation require closer inspection and potential
relining.

Combined corrosion rates offer a holistic view
of degradation. Tanks with high values on both
sides represent critical risk and demand prioritized

Figure 4. Comparison of Soil-Side, Product-Side,
and Combined Corrosion Rates Across Storage Tanks
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inspection and advanced NDT. Visualizing
all three corrosion types together reveals interac-
tions between internal and external degradation
mechanisms, reinforcing the need for a risk-based
rather than fixed-interval inspection approach.
Understanding these corrosion patterns supports
smarter resource allocation, enhancing safety
and long-term asset reliability.

Results

The risk assessment performed under the RBI
methodology includes the evaluation of both PoF
and CoF for 27 ASTs. Three different assessment
scenarios were considered to analyze the impact
of varying risk acceptance criteria on inspection
planning.

Scenario 1: Risk-Based Inspection (RBI) with

a PoF Target of 0.1 incidents/year

In the first scenario, a conservative RBI strate-
gy was implemented with a PoF target of 0.1 in-
cidents per year and a financial risk threshold
of $30,000 per year. This configuration prioritizes
safety and reliability, ensuring frequent inspections
to mitigate the likelihood of failure.

The risk matrices in Fig. 5 and Fig. 6 show
that Tank No. 19 and Tank No. 24 exceed the risk
acceptance criteria due to wall loss over 50%,
placing them in the high-risk zone. This necessi-
tates urgent inspection or maintenance. The upda-
ted risk matrix for the next inspection date confirms
that the proposed strategy is effective, with all tanks
expected to fall within acceptable risk levels, demon-

Figure 5. Risk matrix at initial inspection date showing current risk levels across
tanks based on PoF and CoF

Figure 6. Risk matrix after re-inspection planning showing mitigated risk
levels across all tanks
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strating the value of RBI in maintaining equipment
integrity and preventing failures.

The average interval between inspections
in this scenario was determined to be 5.6 years,
reflecting a stringent approach where failure
mechanisms such as corrosion and mechanical

degradation are detected at an early stage.
The inspection planning chart for this scenario
Fig.7 illustrates a higher frequency of scheduled in-
spections, particularly in earlier years.

In addition, in Fig. 8 ISO-risk plot serves as a graph-
ical summary of risk distribution across the tank

Figure 7. Inspection planning chart for Scenario 1 (PoF target: 0.1 incidents/year)

Figure 8. ISO-risk plot displaying distribution
of tanks based on Probability of Failure
and Financial Risk

population. It clearly illustrates the correlation be-
tween PoF and financial consequences, supporting
risk ranking and enabling informed decision-making
in the maintenance planning process.

This conservative approach minimizes operation-
al risk by ensuring early detection of deterioration,
thereby reducing the probability of severe failures.
However, this comes at the cost of increased
inspection and maintenance expenses, which must
be weighed against the benefits of enhanced reli-
ability and regulatory compliance.

Scenario 2: Risk-Based Inspection (RBI) with
a PoF Target of 0.3 incidents/year

The second RBI scenario explores the impact
of increasing the PoF target to 0.3 incidents per
year and adjusting the financial risk threshold
to $50,000 per year. This scenario demonstrates
how adjusting risk tolerance affects inspection plan-
ning by extending inspection intervals.

With these revised parameters, the average time
between inspections increased to 6.5 vyears,
as indicated in the inspection planning chart
in Fig. 9. This reduction in inspection frequency
is a direct result of the increased acceptable risk
level, allowing for more extended operational peri-
ods before re-inspection.

This scenario illustrates the sensitivity of inspec-
tion intervals to risk tolerance levels. By accepting
a higher PoF target, the number of scheduled

Figure 9. Inspection planning chart for Scenario 2 (PoF target: 0.3 incidents/year

inspections is reduced, optimizing maintenance
resources and decreasing operational disruptions.
However, this approach also elevates the prob-
ability of undetected deterioration, necessitating
the implementation of additional monitoring tech-
niques, such as real-time corrosion asses-sment
and predictive analytics.

B8 e
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Scenario 3: TBI Approach

Unlike the RBI methodologies, the TBI approach
follows fixed inspection intervals, independent
of actual asset condition or degradation rates.
This traditional methodology assumes a uniform
degradation progression, scheduling inspections
at predetermined timeframes.
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The limitations of TBI arise from its inflexibility
and inefficiency compared to RBI strategies.
Two key inefficiencies include:

1.0Over-inspection: When degradation occurs
at a slower rate than estimated, unnecessary in-
spections increase costs without a proportional risk
reduction.

2.Under-inspection: When degradation is faster
than anticipated, fixed intervals may lead to un-
planned failures due to undetected deterioration.
While TBI remains a viable method under regula-
tory or operational constraints, its lack of adapt-
ability makes it less efficient than RBI approach-
es. The ability to adjust inspection intervals based
on evolving risk assessments, as seen in Scenarios
1 and 2, presents a more effective strategy for as-
set integrity management.

Risk-Based Inspection Planning

and Assessment

The inspection planning results were analyzed
based on the RBI methodology, considering fac-
tors such as inspection priority, scheduled inspec-
tion dates, PoF, and financial risk assessment.
These factors play a crucial role in optimizing in-

spection intervals while ensuring asset integrity,
minimizing operational risks, and reducing main-
tenance costs. Tab. 8 presents the results of this
analysis, detailing the planned inspection sched-
ules and associated risk metrics for the assessed
aboveground storage tanks.

Tab. 8 corresponds to Scenario 1, where inspec-
tion planning is conducted using the initial RBI
methodology without modifications from alternative
assessment strategies. This scenario establish-
es a baseline approach by prioritizing inspections
based on calculated risk factors, including the PoF
and financial risk.

The table presents key parameters that determine
inspection scheduling. The inspection priority
indicates the urgency of each inspection, ensuring
that higher-risk tanks are assessed first. The next
and last inspection dates provide a structured
timeline for evaluating maintenance history
and ensuring regulatory compliance. The installation
date helps assess the long-term degradation
of each tank.

The PoF, expressed in incidents per vyear,
ranges from 0.04 to 0.1, indicating varying levels
of structural risk. Tanks with higher PoF values

Table 8. Inspection planning results

Tank No. In;rii(r:itti; n I"s$l|:r“°" Next Inspection Date|Last Inspection Date In’::rs:/';??:(i::rs] cﬁ';z?g;:g;:::fl F%Ezt:o[fw
24 1 2011 July 14, 2023 July 29, 2022 1,0 0,038 30000
19 2 1996 January 3, 2024 June 1, 2022 1,6 0,100 29226
16 3 2002 March 16, 2025 March 10, 2022 3,1 0,038 30000
13 4 1989 May 15, 2025 October 22, 2021 3,6 0,038 30000
15 5 2011 June 10, 2025 October 8, 2021 37 0,057 30000
22 6 2000 August 30, 2025 October 10, 2022 29 0,057 30000
21 7 1994 January 11, 2026 December 2, 2022 3,2 0,038 30000
8 8 2013 March 29, 2026 August 31, 2024 1,6 0,057 30000
25 9 2004 April 1, 2026 December 17, 2022 33 0,057 30000
17 10 2011 October 18, 2026 April 1, 2022 4,6 0,056 30000
12 1 2003 November 23, 2026 | November 17, 2023 3,1 0,087 30000
6 12 2013 January 7, 2027 | September 30, 2024 23 0,056 30000
5 13 2005 January 7, 2028 August 8, 2024 35 0,087 30000
26 14 2003 February 8, 2028 | December 28, 2024 3,2 0,081 30000
27 15 1996 March 12, 2028 January 8, 2024 4,2 0,038 30000
10 16 2013 June 10, 2028 June 22, 2024 4,0 0,057 30000
18 17 2000 August 4, 2028 March 18, 2022 6,5 0,087 30000
20 18 1983 April 24, 2029 May 2, 2022 71 0,056 30000
14 19 1991 October 29, 2029 November 4, 2021 8,1 0,038 30000
9 20 2013 January 8, 2030 October 25, 2024 53 0,057 30000
7 21 2013 March 27, 2030 December 10, 2024 54 0,057 30000
2 22 2004 June 3, 2030 October 15, 2024 57 0,087 30000
11 23 1990 September 29, 2030 August 9, 2024 6,2 0,038 30000
23 24 1990 August 17, 2032 March 23, 2022 10,6 0,087 30000
1 25 2004 July 8, 2035 August 4, 2024 11,1 0,100 26578
3 26 2005 November 9, 2035 July 4, 2024 11,5 0,087 30000
4 27 1990 August 22, 2036 July 15, 2024 12,3 0,087 30000
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require closer monitoring to reduce the likelihood
of failure. The financial risk of failure, measured
in dollars per year, ranges from $26,577 to $30,000,
emphasizing the economic impact of unplanned
failures and the importance of timely inspections.
By applying this structured RBI methodology,
Scenario 1 provides a data-driven framework
for optimizing inspection intervals, enhancing asset
reliability, and minimizing maintenance costs.

Conclusion

This study highlights the effectiveness of RBI com-
bined with advanced tank bottom scanning technol-
ogies in optimizing re-inspection intervals for ASTs
in Kazakhstan. Compared to traditional TBI, RBI of-
fers a more systematic and data-driven approach,
improving safety, reducing maintenance costs,
and allowing better resource allocation. The integra-
tion of NDT methods like TBIT enables early detec-
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