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ANNOTATION

Background: Nowadays industry best practices demonstrate that routine evaluation
of pipeline risk enables more efficient resource allocation, particularly by focusing efforts on critical
areas. Consequently, process of analyzing the risks associated with operating different facilities
in petroleum industry should be considered a fundamental prerequisite for decision-making,
especially while managing pipeline network’s integrity. In the Republic of Kazakhstan, the current
decision-making framework is founded upon the "technical condition" management model, which
differs significantly from the risk-based approach prevalent in the international oil and gas industry.
Moreover, as a result of the absence of the comprehensive failure statistics in the petroleum industry
of the Republic of Kazakhstan, it makes it even more complicated to implement proper quantitative
risk assessment.

Aim: This article aims to demonstrate how customized risk model can be developed to reflect
specific conditions and challenges related with the working environment, dangers and threats,
as well as data’s quality and availability in Kazakhstan.

Materials and methods: QPRAM (quantitative pipeline risk assessment model), industrial data
for the given pipeline X.

Results: The model illustrates fundamental and most important risk factors at high-resolution
intervals along the pipeline’s network and was calibrated using real data from the industry to ensure
that the resulting risk profiles are reflective of the possible threats and existing operating experience
in the given region.

Conclusion: Through the adoption of QPRAM's guiding concepts and methods, all parties
in industry may strengthen operational resilience and safety standards against potential threats,
protecting the long-term stability and dependability of critical infrastructure networks.

Keywords: risk assessment; Quantitative Pipeline Risk Assessment Model; pipelines; hazards;
threats; probabilities of failure; consequences of failure.
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Opu rmHanbHoe uccriegoBaHue

OnTMM3auus ynpaBneHusi LenocTHOCTbLIO Tpy6onpoBoaoB
C NOMOLLbI UHAUBUAYANLHOIO MOAENMPOBAHUS PUCKOB:
TeMaTuyeckoe uccnegosaHue B KasaxcraHe

0. Agnnoea', A. Mupsoes?
'KazaxcmaHcko-bpumaHckul TexHudeckuli YHueepcumem, Animamsl, KazaxcmaH
2ROSEN Europe B.V., Anmamei, KasaxcmaH

AHHOTALUA

O6ocHoBaHMe. B HacTosillee Bpemsi nyyline MUPOBbIE MPaKTUKM OEMOHCTPUPYIOT, YTO OLEeHKa
puckoB TpybonpoBoaHOM cucTeMbl Mo3BonsieT Gonee adeKkTUBHO pacnpenensts pecypchbl,
0coBeHHO 3a CYeT COCPefoTOMEHUst YCUNUIA Ha KpuTudeckux obnactsx. B pesynbrate aHanus
TEXHOTEHHbIX PUCKOB, CBHA3aHHbIX C dKChnyaTtaumel 06beKTOB HedpTerasoBOM MPOMBILNIEHHOCTMH,
crnefyeTr paccMaTpuBaTtb Kak (pyHOAMEHTanbHy MPeAnocbiiky Ans  MNPUHATUS  peLueHui
Mo ynpaBneHuto LenocTHOCTLI0 TpybonpoBoaHol cuctemsl. B Pecnybnuke KasaxcraH gevictayroLlas
cucTeMa MNPUHATUSE pPEeLUeHUIn OCHOBaHa Ha MOAENMW YMpaBfeHWsl TEXHUYECKUM COCTOSIHMEM,
KOTOopas  CyLWeCTBEHHO OTNMYaeTcss OT NOAXO4a, OCHOBAHHOIO Ha  OLEHKE  PUCKOB,
pacnpoCTpaHEHHOTO B MexayHapoaHou npaktuke. OTCYTCTBUME BCEOOBLEMIMIOLEN CTATUCTUKU
aBapui Ha obbekTax HedpTAHOM NpombINeHHOCTM Pecnybnukn KazaxctaH 3aTpygHsieT npoBeaeHne
Hagnexallen KonM4eCTBEHHOM OLEHKM PUCKOB.

Uenb. Lenb cratbM — nNpogeMOHCTPUpPOBaTb CyLLECTBEHHble MpenMyLlecTBa WHTerpauum
KONMNYECTBEHHON OLEHKM PUCKOB [AON1S MNOBbIWEHUS 3MEKTUBHOCTN CTpaTerun, WUCnonb3yemblX
uHxeHepamu B cchepe TpybonpoBogHOro TpaHcnopTa Ans NpefoTBpaLLeHusl aBapuiiHbiX BbiGpocoB
N CHWXXEHNS CBSA3AHHbIX C HAMU PAcXO4O0B Ha PEMOHT.

Matepuanbl u metoabl. QPRAM (konuyecTBeHHass mogenb OLUEeHKM pucka Tpybonposoaa),
NPOMbILLNEHHbIE AaHHbIE ANst AaHHOro Tpy6onposoaa X.

Pesynbratbl. Mogenb AeMOHCTpupyeT yHOaMmeHTanbHble W Haubonee BaxHble dakTopbl
puycka B ONpedenéHHbIX WHTepBanax BAOMb CeTu TpybonpoBodoB, OHa Obina oTkanubpoBaHa
C ncnonb3oBaHMeM pearibHbIX OTpacneBblX AaHHbIX ONA obecneyeHns afleKBaTHOCTWU NOJTy4YeHHbIX
npocunen puckos, GepyLimMx B pacyéT BO3MOXHbIE Yrpo3bl U CyLLECTBYHOLIMIA OMNbIT 3KCNnyaTauum
B J@AHHOM pErnoHe.

3akntoyeHune. ytem npuHATUA KoHuenuun n metogoB QPRAM, BoBneyYéHHble B OTpacib nuvua
MOFYT YKPenuWTb OnepaLMoOHHY0 YCTOMYMBOCTb W CTaHAapTbl 6e30MacHOCTU  OTHOCUTENbHO
noTeHumanbHbIX Yrpo3, obecneumBasi AONTOCPOYHYIO CTabWMBHOCTb U HAAEXHOCTb KPUTUYECKU
BaXHbIX MHPPACTPYKTYPHbLIX CETEN.

Knroyeenle crioga: oyeHKa puCKos, KonuyecmeeHHasi Modeflb OUeHKU puckos mpybornposoda,
mpy60rpogodki, oracHocmu, y2po3bl, 8ePOSIMHOCMU OMKasa, nociedcmeusi omka3sa.
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TynHycka 3epTTey

Toyekenpepai xxeke moaenbaey KemerimeH KyobipnapabiH
TyTacTbIfbIH 6ackapyabl oHTannaHablpy: KasakctaHaarbl
TaKbIpbINTbIK 3epTTEY

0. Agnnosa‘', A. Mup3soes?
'KasakcmaH-bpumaH TexHukanbiK YHueepcumemi, AiMamsi Kanacskl, KasakcmaH
2ROSEN Europe B.V., Anmamsl Kanacsl, KazakcmaH

AHHOTALUA

Herizpey. Kasipri yakbiTTa angblHfbl KaTapnbl cananblk Toxipubenep KyOblp XongapbiHbiH,
KaTeprepiH TypakTbl Gafanay aca MaHpl3gbl ydackenepre Has3ap aydapa OTbipbin, pecypcrapibl
HefyprbIM TuiMai Genyre biknan eTeTiHiH anFakTaigbl. Ocbinanwa, MyHan canacbiHAarbl apTypni
obbekTinepai nampanaHyra OannaHbICTbl Toyekengepai Tangay, acipece KyOblp KeniCiHiH
TyTacTbifblH Gackapyada welliM kabblngay yLWiH Herisri wapTt peTiHae kapanyfa Tuic. KasakctaHaa
Wwewimaepai kabblngayabiH KONMAaHbICTaFbl XYMECi «TexHWKanblK Xafganabl» 6ackapy MogeniHe
HerisgenreH, Oyn xanblkapanbelk MyHal-ra3 canacblHga kabblnganraH Tayekenre OargapnadfFad
TocingeH awTapnblkTam epekweneHeni. bygaH 6acka, KasakcTaHHbIH MyHan-ra3 canacblHAafbl
akaynblKTapablH, KelleHAi CTaTUCTMKacbiHbIH Oonmaybl Toyekengepai TWICTi caHablk Garanaygbl
XYpri3ygi ogaH api KnblHoaTaabl

Makcatbl. 3epTTeyaiH MakcaTbl — >XYMbIC oOpTacbiHa, KayinTep MeH KayinTepre, coHgaun-ak
KasakcTaHgarbl AepekTepaiH canacbl MeH KorkeTimainirive 6annaHbICThl epeklle xafgannap MeH
npobnemanapabl KOPCETETIH TOyEKENiH, )Keke MOAENiH a3ipneyaiH bIKTuman XongapbiH KepceTy
Matepuangap mMeH agictep. QPRAM (kybbip kaTepiH 6aranaygbiH caHAblK mMogeni), ocbl Kybbip
YLWWIiH eHepkacinTik gepektep X.

Hatumxenepi. Mogenb Kybblp Xenici GonbliHOaFbl pyKcaTbl XOfFapbl yvackenepge Heriari xeHe
HeFypnbiM MaHbI3abl ToyeKken dakToprapbliH KepceTedi xaHe anbliHFaH Tayeken 6eniHgepi biIkTuman
KaTeprepai xeHe OCbl 6HipAe nanganaHygblH arbiMaarbl ToXipnbeciH kepceTeTiHIHE Ke3 XKEeTkidy
YLWiH canagaH HaKTbl AepeKTep HerisiHae KannopneHreH.

KopbiTbiHAbl. QPRAM Herisri TyxbipbiMaamanapbl MeH 9AicTepiH KabbingayablH apkacbiHAa
canaHblH, 6apnblk KaTbiCyllbiNapbl OaFgapbiCTel MHAPaKYpbIbIM KeninepiHii  y3akK Mep3simai
TYPaKTbIbIFbl MEH CeHIMAIMIriH KopFanm OTbIpbIN, SMeyeTTi KayinTepre KaTbiCTbl Onepauusnbik
TYPaKThINbIK NEeH Kayinciaaik ctaHgapTTapblH apTTelipa anagp.

Hezizai ce3dep: mayekendepdi baranay, Kybbip xondapbiHbiH mayekenoepiH baranaydbiH CaHObIK
modeni, Kybbipnap, Kayinminik, kayin-kamep, 6ac mapmy bikmumarnoblfbl, 6ac mapmydbiH candapsl.
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Introduction

Pipelines play a crucial role in the petroleum
industry, serving as the main tools for efficient
transportation of crude oil, gas, and other refined
products. Pipelines’ extensive network facilitates
are ensuring a reliable supply chain that is essential
for sustaining the global energy demands all over
the world. The pipeline network in Kazakhstan
comprises both oil and gas pipelines, stretching
across the country's vast territory with total
length more than 35,000 km. These pipelines are
essential for transporting crude oil, natural gas,
and refined products from major production fields,
such as the Tengiz, Karachaganak, and Kashagan
fields, to refineries, ports, and neighbouring
countries.

Evaluating the risks related with pipelines
is a crucial step in ensuring the safe and reliable
transportation. As the demand for energy continues
to rise, so does the need for a comprehensive
risk assessment framework. In this article,
the importance of pipeline risk assessment will be
discussed, as well as the likelihood and probability
of events that will lead to a loss of integrity will
be analysed together with the nature and se-
verity of the consequences that might occur
following a failure. Main goal of this article
is to raise awareness about the importance of risk
assessment of the pipeline’s integrity, review
the influencing factors and the proactive steps
that can be taken in order to reduce the possibility
of failure, preserve the environment, and ensure
public safety.

Risk Model and NIMA software platform

Risk assessment is an analytical process,
which involves the integration of design,
construction, operating, maintenance, testing,
inspection, and other information about a pipeline
system. These data sets build the basis
to measure the pipeline risk, which considers

Data

Gathering Baseline PoF

number of different aspects such as potential
threats to that pipeline, possible failure scenarios
and resulting consequences.

Early risk models were mostly based on
simple scoring systems, that is why their nature
was considered as semi-quantitative. However,
since technical progress made it possible
to have access to quantitative data sets from in-
line inspection (ILI) and geographic information
systems (GIS), as a result the risk models became
more quantitative as well. One of such models
is a Quantitative Pipeline Risk Assessment Model
(QPRAM) that has been created to address
potential risks using the systematic and analytical
approach to evaluate and quantify possible threats
within the pipeline networks. While including
quantifiable data, this approach provides a more
accurate picture of the consequences or likelihood
of different pipeline-related events, going beyond
qualitative judgments.

Implementation of QPRAM allows to gene-
rate a risk matrix for each individual threat
at 1 metre intervals along a pipeline, while
detailed analysis of the provided matrix is able
to show managers and engineers how to maintain
the integrity of the network. There is a specific flow
chart, describing the risk assessment processes
in QPRAM (Figure 1) [1].

At the first stage of QPRAM workflow,
the identification of credible threats and failure
scenarios is carried out, which consists inidentifying
and clearly describing all sources of hazards
on sites where dangerous substances are handled
and scenarios for their implementation.

In accordance with internationally recognised
codes and industry practice, such as API RP 1160,
following nine integrity threats are considered
within the QPRAM:

- external corrosion (EC);

- internal corrosion (IC);

- manufacturing (M);

Validation by ILI

o0 <
Probability of Consequence of
Failure Failure
-
Risk
L -

Review

Figure 1. QPRAM Workflow — Schematic
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- welding fabrication (WAC);

- third party damage (TPD);

- stress corrosion cracking (SCC);

- equipment (E);

- incorrect operations (IOF);

weather/external forces (WEF) [2].

AIthough anoil pipeline may be highly exposed
to one or more threats, this fact is not necessarily
meaning that any particular threat or combination
of threats will lead to serious consequences.
There are numerous potential scenarios
for pipeline failures, many of which involve leaks
of oil or petroleum products and the risk of ignition.
In other words, one cannot be sure that if an oil
pipeline fails, it will fail in a certain way, therefore
it is crucial to consider possible failure scenarios
and determine the probability of each scenario
to be realized.

The approach adopted in the QPRAM model
is limited to the establishment of 4 possible failure
scenarios for the development of an accident
for the above threats, depending on the possibility
of manifestations of damaging factors:

- leak with no ignition;

- leak with ignition;

- rupture with no ignition;

- rupture with ignition.

At the second stage of the risk analysis,
an assessment is made of the baseline proba-
bility (frequency) of the failure (BPoF) due
to the influence of previously established
integrity threats based on the statistical data
of the network. At the third stage, segmentation
(division) of the analyzed pipeline into conditionally
homogeneous components (dynamic segments)
is performed using various external and internal
factors (initial data) that affect the basic probability
of failure for a specific threat and change along
the route. At the fourth stage, the probability of PoF
failure is calculated for each individual pipeline
segment. The calculation uses the principle
of adjusting the average (basic) probability
of failure on the pipeline using a specially
built system of groups of influence factors
with expert-determined weighting coefficients
and scales of factor scores. This approach
considers the unequal influence of natural
and climatic conditions, technical and technological,
operational, service life, anthropogenic and other
factors on the possibility of depressurization.

The next, fifth stage of the risk analysis
is the assessment of possible consequences
for the considered accident scenarios,
which can be conditionally grouped by the time
of their occurrence in relation to the accident:

1. in case of an accident;

2. after the accident (time: a short period);

3. after the accident (time: an extended
period).

The final stage of the work is the calcu-
lation of man-made risk R, which is a measure
of danger characterizing the possibility of an
accident and the severity of its consequences,
and is calculated using the following formula (1):

R = PoF-CoF (1)
where

PoF is the probability of failure (frequency);

CoF is damage from an accident, in US
dollars;

R is a risk value (expected annual damage,
considering the frequency of accidents on pipe-
lines), US dollars.

ROSEN’s Asset Integrity Management
Software suite (NIMA) is used to manage
the process of pipeline’s data integration
and the implementation of QPRAM. Using this
approach enables the main operator to identify
and compare the risks existing on their pipeline’s
segments. As well as that, QPRAM'’s results
make it possible to focus on the elevated risk
areas, assessing the benefits of implementation
of preventive measures. Correctly managed data
and attentively evaluated risks provide additional
benefits such as consistency and traceability.

CASE STUDY

Pipeline and pipeline data sets overview

The Quantitative Pipeline Risk Assessment
Methodology was used to calculate and analyse
existing risks for the case of an oil pipeline
X, located in Kazakhstan; the characteristics
for chosen pipeline are shown in Table 1 [3].

One of the most crucial and fundamental
inputs for this model is historic failure frequency,
that is why it should ideally reflect pipeline
network’s local conditions and expected
consequences. But, if this data is not available
due to any circumstances, regional statistics
with  similar environmental conditions could
be used. Considering the short service life
of the pipeline X, and, as a result, a small number
of failures, it was proposed to apply publicly
available regional failure statistics [4].

Table 1. Pipeline X characteristics

Con- Dia- Wall Pibe Design
Sec- | Length | struction ! Thick- |, P pres-
R meter Mate-
tion | (km) date (inch) ness |° . sure
(year) (mm) (MPa)
1 225 2008 32 8 X60 6.3

Threat Analysis (PoF)

In the following case of pipeline X essential
calculations of external corrosion and TPD
are showed as an example.
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1. External corrosion (EC)

During the assessment of the external
corrosion, the main route conditions such
as existing of rivers and crossings, the effective-
ness of passive and active protection and other soil
corrosion intensifying factors (soil corrosion acti-
vity, waterlogging, the presence of other under-
ground metal structures) must be considered.

In the given case, for the pipeline X
73 segments were obtained based on the results
of dynamic segmentation according to parameters
characterizing the effect of external corrosion on
the probability of failure. The average probability
of failure for this threat is 7.41x10°.

Based on the PoF values 8 most susceptible
to external corrosion threat pipeline segments
have been identified (Table 2). The main
parameters  contributing to the increase
in the probability of failure in individual segments

are the lack of corrosion inspection results,
the intersection of pipelines with railway lines
and power lines (Figure 2). The qualitative
assessment of the degree of danger of this threat
to the integrity of the pipeline in % of the total
probability of failure is 1.09%.

2. Third Party Damage (TPD)

This group examines external factors
that may impact the PoF caused by third parties
to the pipeline under consideration. Factors
such as high population density in adjacent
areas, levels of industrial and economic activity,
and intersections with various infrastructure pose
threats to the integrity of the system [5].

A total of 97 segments were identified along
Pipeline X, spanning 225 kilometres, through
dynamic segmentation based on parameters
indicating the third-party damage (TPD) risk

Table 2. Pipeline X characteristics

# | Segment | Distance, km PoF Key Factors
The pipeline is crossed by a power line, measures
1 H 69 4.19E-08 to reduce the effects of alternating current have
not been implemented
2 | 76 2.25E-08 Rail )
ailway crossin
3 J 76.1 2.25E-08 v 9
No . -
corrosion The pipeline is crossed by a power line, measures
4 K 79 4.19E-08 . to reduce the effects of alternating current have
Inspection .
not been implemented
data
5 L 93 2.25E-08 Railway crossin
6 M 935 2.25E-08 v 9
7 N 200 4.19E-08 The pipeline is crossed by a power line, measures
to reduce the effects of alternating current have
8 0 214 4.19E-08 not been implemented
Pipeline is crossed by a power line,measures to No corrosion inzpecitons were
mitigate the effects of alternating current have not carried ont
e, been implemented
Cma§ing_of . .
N gl s _# Crossiug of the pipelins by 3 g et
fins railway line
L average probability

[

zooEas

]

segments

LogE a8 1

500848 l

D:M0ED0

Length of the pipeline, km

Figure 2. Probability distribution of failure due to external corrosion (EC)
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350607

an area with a high population density is
adjacent to the pipeline network

3.00E07

250607

Possible cases of illegal actions

2me07

PoF

150807

Tlegal actions on the pipeline were
registered earlier

——possbility of the failure
dueto TPD

—dangerous segments

1m0ED7

average probability

5.00E08

. J'VH'\—H—’HV L\
VYV | U\_V_/V L_/ V\_/ 3
0005400 ,
M M e o mom o oW W W W W e m W W W MW owowm oo T & E o mm oS = g
S NERERRIIRARRSIGdRIAFRE A9 0GR 35/ 5R
Length of the pipeline X, lkim

Figure 3. Probability distribution of failure due to third party damage (TPD)

and potential of its impact on the probability
of failure. The graph depicting the probability
distribution of failure due to third-party damage
(TPD) along Pipeline X is illustrated in Figure 3.
On average, the probability of failure attributed
to this threat is 2.4x10-8.

Based on the PoF values 3 most susceptible
to TPD threat pipeline segments have been
identified. The main parameter contributing
to the increase in the probability of failure
in certain segments is a violation of the pipeline’s
security zone — unauthorized crossings through
the pipeline (Figure 3).

The qualitative assessment of the degree
of danger of this threat to the integrity of the pipeline
X showed that the total probability of failure
is 3.5%.

Consequences Analysis (CoF)

In order to understand main consequences
of the failure, two crucial aspects such as economic
impact and impact on surrounding population
were taken as basis for the following calculations.

1. Economic impact (ECON)

The assessment of direct damage
to production considers the complete or partial
destruction of a property object. This assessment
encompasses the full cost of restoring the object,
including various components such as:

The cost of product losses incurred due
to the accident.

Lost revenue during emergency downtime.

The expenses associated with repairing
the damaged object.

The cost of re-commissioning the object
to resume operations.

These factors  collectively  contribute
to the overall evaluation of direct damage
to production resulting from a failure (Table 3—4).

Table 3. List of parameters used in the ROAIMS
risk model to calculate direct damage
to production

Parameter Value
The cost of transporting a unit of production 162
(USD/barrel)
Volume flow rate (bbl/h) 9353
Oil pipeline workload (h/day) 24
Estimated income (USD per week) 2553177

Table 4. The results of the calculation of direct
damage to production for the pipeline’s site

ol s1 s2 s3 s4
(scenarios)
Bisr%"t damage, | 58066 |350160 | 669364 | 851733

2. Impact on the surrounding

population (PPLE)

The socio-economic damage resulting from
an accident at Pipeline X includes the following
factors: loss of life, injuries to personnel
at the network’s facilities, and the possible damage
towards the individuals living in areas surrounding
the site.

To quantify the socio-economic damage
for a specific segment of the pipeline network,
the expected number of accident victims is multi-
plied by costs associated with each individual

83
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(Figure 4). These costs incorporate compensation
payments and benefits provided to victims
and/or their relatives. The estimate of these costs,
as utilized in the ROAIMS risk model, varies
depending on the severity of injuries sustained
by individuals involved in the accident [6].

Risk Analysis (R)

In order to be able to construct
a comprehensive and well-structured plan
for the preventing actions, addressing mostly zones
with an increased risk, the sensitivity analysis must

40

be performed based on the identified primary risks.
It also must be noticed, that the input data used
in the model must undergo the quality control
before being implemented. Additional data
collection and verifications of the existing inputs
must be used to ensure reduction of the uncer-
tainty of the analysis.

The Figures 5 and 6 are displaying the Risk
calculation results for the case of pipeline X.

From the Figure 6 it can be seen
that the highest risk values is localized at ap-
proximately 75th km and 93rd km of the pipeline

30

20

Amount of segments

10

35
24
I 1Q

10
6
3 ._,

<10000 10000-100000 100000-300000

300000-500000 500000-1000000 >1000000
usb

Figure 4. Distribution of socio-economic impact by number of segments (PPLE)

Average CoF Values

635000

615000

595000

575000

555000

535000

515000 |

Damage cost in US dollars

495000 I

475000 ——

455000 | L
| A N

435000

b e Ao —amal N AN

0.21835 25.80467 54.50775 91.39772 93.36513

119.57089 168.7 193.60846

Coordinate, km

Figure 5. Average CoF values
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Figure 6. Distribution of the risk index R along the pipeline

and is equal to 0.9. The reason behind it is that ac-
cording to the calculations the mentioned section
is more likely to face harsh flooding events,
having a relatively high likelihood of failure
due to weather conditions. Other sections
with relatively high risk of failure are located close
enough to residential areas, and as a result they
are more likely to be damaged by third-party
and have higher risk of illegal taps occurrence.
Thus, it would be rational to prioritize resources
to mitigate this threat as soon as possible. The line
graph at the Figure 6 shows that corrosion
inspections were absent across the entire pipeline,
that is why it is essential to note that there
is a huge number of segments with a high likelihood
of failure due to the external corrosion [7].

Overall, any measures towards the risk
mitigation and reduction would have a significant
effect on the all pipeline network’s integrity [8].
As it was already stated previously, the main
goal of the pipeline’s operator is to focus on
reducing the frequency of failure by preventing
the development of the threats at the early stages.
Since it is more rational to reduce risks rather than
reducing consequences [9]. QPRAM therefore
helps to identify which hazards increase the risk
of failure, making it possible to define a strategy
to mitigate them beforehand.

Table 5 illustrates an overall view of the risk
profiles of the all threats: internal corrosion,
external corrosion, manufacturing, welding
fabrication, stress corrosion cracking, third party
damage, equipment, incorrect operations, weather/
external forces. According to the generalized
results of calculations, the pipeline X has almost
impossible risk of failure.

Table 5. Distribution of the risk index R along
the pipeline

PoF

almost
impossible
failure

CoF frequent | probable

failure failure

possible
failure

rare
failure

icatastrophic

lcritical

not critical Pipeline X

moderate

Conclusion

Tosummarize,implementingaquantitativerisk
assessment technique in industrial environments
has several benefits, such as extending the lifetime
of equipment and proactively identifying and
mitigating possible dangers. The implementation
of QPRAM addresses a critical achievement with
regards to the Kazakhstan pipeline industry. This
study project, which is a first for the pipeline sector
in Kazakhstan, is a big step improving the risk
management practices in the existing area.

The usage of profoundly adaptable
software for considering the qualities and details
of the pipeline framework highlights the obligation
to accuracy and adequacy in risk assessment.
Furthermore, this quantitative risk assessment
model's core flexibility makes it possible
to effortlessly integrate various data inputs, which
makes it easier to fully understand prospective
risk situations. Through the adoption of QPRAM's
guiding concepts and methods, all parties in
industry may strengthen operational resilience
and safety standards against potential threats,
protecting the long-term stability and dependability
of critical infrastructure networks.
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OOMONHUTENbHO
UcTtouHuk  cduHaHCupoBaHuA.  ABTO-
pbl  3asBnslOT 006 OTCYTCTBMM  BHELLHEro
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NapupyroT OTCYTCTBME SIBHBIX U MOTEHLMAmNbHbIX
KOH(PIUKTOB MHTEPECOB, CBSI3aHHbIX C My6nu-
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Bknap aBTopoB. Bce aBTOpbI NOATBEPXKAAT
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