UDC 621.039:001.8 Doi: https://doi.org/10.32918/nrs.2022.1(93).03

Application of Risk-Informed
Approaches in Significance
Determination of Armenian NPP
Inspection Findings

Bm  Aram Khachatryan
“Nuclear and Radiation Safety Center” CJSC, Yerevan, Armenia
National Polytechnic University of Armenia, Yerevan, Armenia
ORCID: https://orcid.org/0000-0001-7612-8797

B Gurgen Kanetsyan, PhD
“Nuclear and Radiation Safety Center” CJSC, Yerevan, Armenia
ORCID: https://orcid.org/0000-0001-9323-2756

B Armen Amirjanyan
“Nuclear and Radiation Safety Center” CJSC, Yerevan, Armenia
ORCID: https://orcid.org/0000-0002-5689-1717

B Peter Kohut, PhD
Brookhaven National Laboratory, Upton, United States
ORCID: https://orcid.org/0000-0002-6893-143X

B Vahe Grigoryan, PhD
Armenian Nuclear Regulatory Authority, Yerevan, Armenia
ORCID: https://orcid.org/0000-0002-9946-8011

B Aram Gevorgyan, Ph.D,, assistant professor
National Polytechnic University of Armenia, Yerevan, Armenia
ORCID: https://orcid.org/0000-0003-4473-1000

Risk-informed decision-making approaches in the field of regulatory inspections performed at the NPPs
aim at supporting the regulatory body in better organization of inspections. The paper describes the Armenian
national experience of inspection activities by focusing on the process of significance assessment of inspection
findings and demonstrates its applicability on practical examples. To demonstrate the applicability of the
proposed process, various hypothetic inspection findings are defined for further assessment. Approaches are
proposed for the significance determination of single and multiple findings. Several cases of single hypothetic
findings and their combinations are considered. The paper summarizes the results for the considered cases,
which reveal the applicability of the process by demonstrating the significance of hypothetic findings and the
cumulative effects of multiple simultaneous hypothetic findings on plant safety.
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inspections, which are based on the results of the

Introduction safety assessments [1]. Traditionally deterministic
approach has been used, but if the probabilistic
One of the main functions of the regulatory body safety assessment (PSA) is mature enough to be
is to ensure safe operation of nuclear power plants. used along with the deterministic approach, it might
That is partially performed through regular be beneficial [2].
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The risk-based approaches are solely based on risk
metrics. Over time, these approaches have evolved
to risk-informed ones. Risk-informed approaches are
not solely based on the results of risk analysis, since
they may not model everything that is of importance.
They take into consideration both deterministic (safety
margins, redundancy, diversity) and probabilistic
insights (likelihood of accident scenarios and the
risk-significant components). The PSA to be used in
the risk-informed approaches should be of sufficient
scope, level of detail, and technical acceptability for the
intended application [3].

The new concept [1] of the International Atomic
Energy Agency (IAEA) is to combine probabilistic and
deterministic insights in making decisions at the NPP,
which requires a structured process to make important
decisions that may affect safety of plant personnel, the
environment, and the public.

There is no guidance on how to balance the utiliza-
tion of deterministic and probabilistic insights, there-
fore in the risk-informed approaches, deterministic and
probabilistic insights should be weighted for the issue
considered via engineering judgments [4].

Even though there are guides on how to perform
risk-informed regulation and decision making [5]-
[7], in reality, its practical application may be quite
challenging since risk-informed decision-making
(RIDM) needs to use the benefits of differentapproaches
in an integrated and well-balanced manner. Examples
of how to apply a truly integrated RIDM process are
presented in a recent study [8].

An example with an explanation of using an inte-
grated risk-informed decision-making approach in
equipment qualifications [9] is one of the good exam-
ples of PSA and deterministic safety assessment (DSA)
symbiosis. The PSA may identify risk contributions that
otherwise could have been omitted [9]. Integrated
risk-informed decision-making can be used both to
make the right decisions (e.g. in the assessment of
inspection findings [10]) and to make the right prior-
itization (e.g. targeting of system components to be
inspected) [9]. PSA provides both qualitative and quan-
titative insights for the decision-making process. The
quantitative outcome is the core damage frequency
(CDF) and large early release frequency (LERF) that can
be considered as risk-significance measures. The quali-
tative outcome is of interest due to the same approach
to all the nuclear power plant (NPP) systems, which
allows assessing the overall consequences of several
simultaneous failures of components by making some
changes to the PSA model.

The integrated process including the PSA and DSA
insights has to be coherent, logical, and well-structured
[9]. However, the uncertainties and limitations of PSA
have to be addressed. Concerning this, some studies
were performed, particularly improving PSA efficien-
cy through applying a genetic algorithm (GA) in the
dynamic probabilistic safety assessment (DPSA) is dis-
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cussed in [11]. Dealing with the residual risks by the
means of relocating the classical event trees/fault trees
(ETs/FTs), entailing large-scale computation associated
with physical models are proposed in [12], which is an
attempt to integrate big data, PSA, and DSA.

New measures developed based on the postulated
behaviors of the regulated parties and the diversity of
interests of the regulators are suggested, and new ap-
proaches to setting defaults in requlatory measures are
proposed in [13]. The study was performed to stream-
line the decision-making process on the part of the
evaluation of the safety levels likely to result from the
regulatory policies or their amendments.

The interest in the use of RIDM approaches is rapid-
ly growing. It is currently used in many countries such
as the United States, Finland, France, Spain, Taiwan.
Other countries are showing high interest to use RIDM
or other Rl processes [14].

To streamline RIDM in the frames of regulatory
activities, a list of activities where RIDM can be imple-
mented was developed and in terms of periodic in-
spections, the issues that can be addressed using prob-
abilistic insights are as follows [15]:

Prioritization according to risk-significance,

Determination of significance of inspection
findings.

Prioritization according to risk-significance: In
the frames of assessment of the feasibility to include
the graded approach in the inspection procedure, the
corresponding IAEA requirements were outlined in
[16], [17], the experience of the United States (the US)
was analyzed in a study for Korea [18].

Over one hundred NPPs in the world (among them
30 in Europe) have implemented varieties of risk-
informed methods.While several countries like Sweden,
the USA, Spain, Finland, Mexico widely utilize PSA
information to plan NPP ISI programs, other countries
either prefer using the traditional deterministic
method or consider making the use of PSA information
possible in the future. The analysis of the international
experience of risk-informed inspections [19] has
revealed that the allocation of resources is mainly more
efficient compared to the deterministic inspections.
Pilot risk-informed inservice inspections (RI-ISIs) were
carried out in several European countries including
Bulgaria, the Czech Republic, Lithuania, Sweden,
Switzerland, and Ukraine. These pilot studies have
several objectives which include making comparisons
of the effectiveness of different RI-ISI methodologies,
choosing the most applicable RI-ISI method for
the plant, and checking whether shifting from
deterministic ISI to RI-ISI is worthwhile. Even though
RI-ISI improves plant safety, as it turns out from the
experience gained, it does not always have the desired
results in terms of reductions of personnel radiation
exposure and the number of the items to be inspected.
Further improvements are necessary to solve these
problems and make the implementation of RI-ISI more
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beneficial [16], [17], [19]-[28]. The inspections that are
based on deterministic techniques require a large
amount of time and manpower [18]. Some countries
have requirements for pre-service inspections. The
introduction of such inspections globally can prevent
the construction delays of new NPP Units. To address
that issue, the study [29] suggests creating authorized
inspection agencies with a highly competent staff.
Human resources can be used efficiently provided a
thorough and well-structured inspection process.

Determination of significance of inspection
findings: Methods used to evaluate the importance of
the inspection findings vary from country to country.
Some countries either use deterministic information or
perform probabilistic recalculations, while others com-
bine these approaches [16], [17], [19]-[28].

The main objective of this paper is to substantiate
the practical applicability of the proposed process,
which is developed based on the best international
practices and IAEA requirements, integrates PSA and
DSA insights, and is designed for the right prioritiza-
tion of the inspection findings utilizing the assessment
of their risk-significance. To develop the inputs for the
analysis, the inspections performed at the ANPP by the
Armenian Nuclear Regulatory Authority (ANRA) during
the last decade were used.

1. International experience of PSA utilization
in the process of risk-significance assessment
of inspection findings

To develop an approach for the evaluation of the
significance of inspection findings in line with the
international best practice, international experience

IAEA recommendations and requirements, namely
the procedures for identification of findings were
studied. Practices in the field of evaluation of the
significance of inspection findings are summarized
below.

The U.S. Nuclear Regulatory Comission (US NRC)
has enormous experience in the field of inspection
activities and its Significance Determination Pro-
cess (SDP) has been in use for several decades now.
The process has undergone an audit and its short-
comings have been revealed. Some countries have
adjusted the SDP to their regulatory framework.

The significance of inspection findings is deter-
mined based on the qualitative or quantitative eval-
uation of their risk-significance [30]. According to the
report of the PSA working group of VVER regulators’
forum, this regulatory PSA application is [30]:

under consideration in Finland, Ukraine and India.

not used in Armenia, Bulgaria, Hungary, Czech Re-
public, Russia, and the Slovak Repubilic.

Methods used to evaluate the significance of the
inspection findings vary from country to country.
Some countries either use deterministic information
or perform probabilistic recalculations, while others
combine these approaches.

The list of countries that use PSA in the evaluation
of the risk significance of the inspection findings is
presented in Table 1 [30]-[42].

Some countries generally use deterministic
information while evaluating the significance
of inspection findings. There is no official rule
or system requiring probabilistic information
for the regulatory inspections in Korea [32].

Table 1 - List of countries that use PSA in the evaluation of risk significance of the inspection findings [30]-[42]

Country Description

Finland PSA and deterministic insights have been combined on a case-by-case basis in evaluating the
significance of inspection findings.

France In specific cases, CDF is evaluated.

Mexico Mexico has adopted the Significance Determination Process (SDP) methodology of the US NRC.
In the South African Republic, grading of non-compliances is performed in accordance with the

South African |impact they have on nuclear safety. The findings of inspections shall be graded and categorized in

Republic terms of a new process taking into consideration severity and impact on safety. The Inspector will
grade the non-compliance and the Chief Inspector will review the grading presented.

Spain The evaluation of the significance of inspection findings is deterministic except for the risk-
informed inspections performed by the Spanish regulatory body (CSN).

Switzerland |PSA information is used on a case-by-case basis to evaluate the significance of inspection findings.

. It is assumed that the evaluation of the importance of the inspection findings will include

Ukraine e - ;
qualitative and quantitative (PRA) evaluations.
Site-specific SDP notebooks that replicate a simplified version of the licensee’s PSA model are
used by inspectors as a fundamental tool to determine the risk significance of inspection issues.

USA The Senior reactor analysts (SRAs) in the regional offices are most directly involved with evaluating
the risk significance of inspection findings. The numerical results are used as an indicator, but not
as a sole determiner, of risk significance.
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Inthe Slovak Republic, analyses of inspection activities
contain the statistical evaluation of findings. The
purpose of the statistical evaluation is to determine
the distribution and frequency of findings from the
inspection activities [34]. In France, repetition of
findings can be a criterion for significance [32].

Many countries are willing to integrate risk insights
in the evaluation processes of inspection findings.
In the Czech Republic, development is underway
to make the use of the probabilistic approach in
evaluating the inspection results comparable to the
deterministic one [32]. Japan has intentions to study
concrete techniques for risk evaluation and types of
information to be collected to structure a system to
collect reliability information for every single reactor
facility and to evaluate the findings of inspections
based on the risk evaluation [32].

1.1. Overview of the IAEA corresponding
documents

To develop an approach that is in line with the
international requirements and recommendations,
the recommendations of the IAEA relevant
documents on how to identify findings, the
requirements for evaluation of inspection findings
were studied.

Requirement 27 of GSR Part 1 (Rev. 1) states that
the primary purpose of regulatory inspections [35] is:

“The regulatory body shall carry out inspections
of facilities and activities to verify that the authorized
party is in compliance with the regulatory
requirements and with the conditions specified in
the authorization [36]”

“When inspections find that the facility or activity
is notin compliance with regulations orauthorization
conditions, the inspector or regulatory body needs
to consider enforcement actions to ensure that
compliance is re-established [35]

“The regulatory body should establish periodical
evaluating the findings of inspections, identifying
generic safety issues and making arrangements to
enable inspectors from various locations or projects
to meet to exchange views and discuss the findings
and issues [36]”

Among other things related to inspection
activities, IAEA-TECDOC-1867 also addresses
concepts and methods on how to evaluate the safety
significance of inspection findings and document
the inspection results and findings.

An individual regulatory inspection can be viewed
as having four phases: planning, performance,
evaluation, and reporting. In the evaluation phase, the
inspector determines if the observations are violations
of regulatory requirements and if some immediate
action is required. In the reporting phase, the inspector
documents the results of the inspection including the
regulatory body’s assessment of the licensee’s activities
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concerning safety and any necessary follow-up actions,
including enforcement actions.

During an inspection or a walkthrough, the
inspector may identify one or more observations
(gaps/issues/concerns/problems) that should be
evaluated to determine if the issue is a potentially
safety-significant concern. For each observation,
the inspector needs to determine the presence or
absence of an immediate threat to public health
and safety, the need for regulatory actions or
enforcements, violations of laws, regulations, and
other requirements, etc.

Regulatory inspection programs normally guide
the inspectors to evaluate observations and findings
in accordance with their regulatory framework,
and the initial screening tool of IAEA can be used
at the early stages. The table is merely an auxiliary
tool and cannot replace the local guidance of the
regulatory body [35]. Inspection findings should be
discussed at regular meetings attended by groups
of inspectors, which in many states includes the part
of the regulatory body staff involved in review and
assessment activities or authorization activities [36].

Inspection findings should be forwarded to
the authorized party so that it is informed on the
identified issues and will take corrective actions if
needed. Providing there is a necessity for corrective
actions to be taken, formal communication including
the findings from inspection reports is mandatory. In
some IAEA member states, the full inspection report
is forwarded to the authorized party [39].

There are two parts of the formal reporting phase
of an inspection. The first is the presentation of the
results at an exit meeting with the licensee. The
results may be subject to the inspector’s supervisor
review or final. The second partis the documentation
of the results in an official inspection report [35].

A program to organize the analysis and follow-up
actions oninspection findings should be established.
It should include provisions for periodic review and
surveillance of the follow-up actions to verify that the
authorized party is taking the necessary actions in
response to the findings. Following the satisfactory
completion of the actions, the inspection findings
should be formally documented and corresponding
records should be maintained [36].

1.2. Overview of the US NRC SDP and the
workflow

The US NRC SDP requires a response to violations
in a consistent manner, taking into account their
impact on safety. The performance is monitored
in three “Strategic performance” areas, which, in
their turn are divided into seven “cornerstones”.
Performance indicators (Pl) are used to compare
the performance to the safety-related thresholds.
The SDP provides a mechanism to determine the
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safety significance of inspection findings identified
within the seven “cornerstones” and correlates the
results to the performance indicators via color coding
(green, white, yellow, or red in ascending order of
significance) [37-40]. The SDP estimates the increase
in CDF (or LERF) as a result of conditions contributing
torisk increase due to deficient licensee performance.
This estimation considers all IE and the time during
which the equipment or the function was degraded
[37]. To determine whether the deficiency is minor
or more-than-minor in terms of significance, it
should pass a screening process. This is important
to eliminate the minor deficiencies from further
significance evaluation. The findings of more-than-
minor significance are formally documented [37], [40].
A meeting called SDP/enforcement panel (SERP) is
scheduled to discuss more-than-minor findings [37].

An audit of significance determination process
was carried out to assess the consistency of NRC to
evaluate the inspection findings using SDP [40]. The
audit identified the following:

Inspectors confront difficulties because of unclear
screening questions [40]. As a result, inspectors
might needlessly spend time or resources formally
documenting minor issues and miss opportunities
to document more significant ones [40];

Independent audits performed were not always
documented [40].

1.3. Comparison of inspection finding
identification approaches of the US NRC and
the IAEA

The IAEA suggests a table to help the inspectors
identify the observations needing an assessment
[35]. To identify inspection findings, the SDP provides
a list of questions. Answering the questions, the
inspector can identify the findings and screen out
the minor issues [41].

The two approaches have a lot in common.
Both questionnaires have questions regarding the
potential negative effects of the observation both
on public health, safety, and the environment.
They also require the inspector to answer whether
the observation is of media interest and to decide
whether left uncorrected it has the potential to lead
to a more significant safety concern. In addition to
that, the IAEA questionnaire also requires to decide
whether immediate corrective enforcement actions
are required and to mention if the licensee has
already taken any [35], [41], [42].

Despite the similarities of the two approaches,
they also have some differences. While the
US NRC SDP approach requires checking whether
performance deficiency adversely affects the
cornerstones, the IAEA recommends checking its
compliance with the regulations, license conditions,
and/or radiological or industrial issues [35], [41].
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2. Overview of the Armenian national
experience of inspection activities

Regulatory inspections is one of the main
functions of the Armenian Nuclear Regulatory
Authority (ANRA). Regulatory inspections aim
to ensure that safety regulations and rules, the
licenses provided by the ANRA, and the obligations
mentioned in the orders are properly addressed.
The ANRA under the government of the Republic of
Armenia plans and carries out inspections in the field
of atomic energy utilization in accordance with the
legislation of the Republic of Armenia. The legislation
of the field describes the rights and the obligations
of state inspectors. It allows the involvement of
representatives of public administration bodies, local
and international organizations [43].

The ANRA hasinternal documents for organization,
implementation, and quality assurance of inspections.
The documents are listed below [43]:

Temporary guidance on organizing and
performing inspections;

The directive of the quality assurance plan;

Periodic plan;

The list of the planned inspections through the
ongoing year [43].

According to the temporary guidance, ANRA
inspections regarding planning are classified as
planned and unplanned; concerning notifications:
declared and not declared; concerning the scope of
inspections: special or complex.

The directive of the quality assurance plan
is developed to make sure in the effective
implementation and continuous improvement of the
inspections.

The periodic plan of inspections includes
inspection topics and their periodicity.

The inspections are not limited to the ones
planned according to the periodic plan. Besides these
inspections, there are also daily inspections of the on-
site inspector.

Currently, the PSA information is not used in the
inspection planning and implementation process.

As a result of the inspections, inspection findings
are identified and corresponding orders are prepared
in which the time limits to address these issues are
established. Whether the issues have been addressed
is checked either during the next inspections or the
upcoming refueling outage [43].

Toidentify the shortcomings of the above-described
approach of inspections, the internal documents of
inspections, inspections carried out by the regulatory
body during the last decade, their periodicity, topics
considered, orders prepared in correspondence
with the identified inspection findings, and other
documents are checked. Based on checking, the
problems associated with the inspections and relevant
for the ANRA are identified [43].
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3. Proposed regulatory inspection framework

for ANRA

An improved procedure is developed to eliminate
the problems associated with the current inspection
procedure (Figure 1). Parts that are subject to change

are colored orange.

The Armenian legislation is in the heart of the
ANRA inspections. There are internal documents to
organize and carry out inspections. It is suggested to
make changes in the “Temporary guidance on how
to organize and carry out inspections” for including
the description of the suggested improvements. It is
also suggested to describe the possible utilization of
PSA information in different phases of the inspection
procedure. The periodic plan can also be changed
because of the possible utilization of PSA information.
If the risk-significance of the system components
is considered, the inspection routes will undertake

some changes [44].

Inspections are carried out according to the
internal documents. The ones carried out according
to the cyclic plan will be subjected to some changes
in case of implementing the suggested updates. Daily
inspections of the on-site assistant will be changed
in compliance with the suggested changes of routes
and checklists. In case of overlapping topics in
various types of regulatory inspections, it is proposed
to consider them as carried out periodic planned
inspections. Hence, in the suggested framework,
the number of inspections performed according to
the periodic plan will be reduced by considering the
overlaps in the inspection topics.

During the preparation of the inspection finding
order, it is suggested to use tables classifying
the system components according to their risk-

significance. The

importance and urgency to

implement the orders currently are determined based

on deterministic information and expert judgment, it
is proposed to supplement this process with the use
of PSA information if applicable. The implementation
of the orders is checked during the forthcoming
inspections.

To make inspections more efficient it is suggested
to develop specific guidance for each topic. This is the
approach of the USA and Finland. The guidance will
contain the main points, inspection steps, regulatory
and technical documentation associated with the
topic, etc. [43].

The utilization of PSA information to consider the
importance of the system components has several
benefits, which include the improvement of overall
plant safety, efficient use of human resources, and
possible reduction of the number of inspections.

Pilot routes for regulatory inspections are
developed. In the report [45], the system components
are classified according to their importance based
on FC (fractional contribution) and RIF (risk increase
factor) factors. Then the components with a high or
medium level of importance are classified according
to their compartments. These importance measures of
components and the locations of the compartments
were used to develop pilot inspection routes. In
addition, existing inspection routes were studied,
which were developed based on expert judgment.

To sum up, in order to achieve higher efficiency
with the current human resources of the ANRA in [43]
it is proposed to:

revise the periodic plan to avoid excessive
inspections,

use risk-informed approaches in the inspection
procedure,

involve the technical support organization
personnel in the inspection activities. This approach
is applied in France and Belgium [30],

develop a guide for each inspection topic.

Legislation of the Republic of Armenia ‘

Laws
> = : , — TG —]
Temporary guidance on how to organize and carry out inspections SUDEO_ llrlg
materials
Cyclic || Thelistof planned || The directive of List of Checklists developed based BSA Information
Internal plan || nspections through the quality inspection on the Regulatoryand | |
d02uenr’|lams { the ongoing year j|_assurance plan || routes technical documents ) Deterministic
M information
of the ANRA - - : »
v ) Inspections carried | | i ‘ Inspections carried T
Inspections carried out in the f H aily inspections of || gt jn the frames of egulatory
[ [ OUERNHIO KEMER G the on-site international and technical
according to the cyclic plan various problems " internationa
Inspections P j0specion missicns documents

Checking
whether the ¢
requirements of
the orders are
addressed

32

Implementation of |
suggestions

Reports based on the
inspections carried out
in the scope of

Preparation of
orders

international missions

Figure 1 - The suggested inspection framework
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the inspector has to evaluate the significance or
submit the corresponding information to the expert
responsible for the evaluation. After the evaluation,
orders are prepared in which time limits to address
the issues are specified. The licensee can appeal

4. Development of a procedure for the ANRA
to estimate the risk-significance of the
inspection findings identified

The inspection findings are identified according the orders by presenting its solid justifications. The
to the non-compliance with the regulatory evaluation is reviewed and new orders are prepared.
documents. There is no procedure to differentiate The process is finalized by the ANRA which should
the findings from the observations. Moreover, there check the completion of the required corrective
is no system to determine the risk-significance of the actions and formally document the results. The
inspection findings. If the significance determination simplified workflow of the process is presented in
is a necessity, the findings are evaluated based Figure 2.
on expert judgment. However, the significance of Perform inspections (Task 1). One of the main
several findings could have been evaluated with responsibilities of the regulatory body is to perform
a uniform procedure that would have reduced the inspections. The outcomes of inspections are the

unnecessary burden on the experts. Furthermore,
the system would have eradicated all the possible
subjectivity.

To resolve the problems associated with
the absence of procedures to evaluate risk-
significances of the inspection findings, a new
approach is developed. The approach integrates
local and international experience and international
regulations.

The workflow of the evaluation process starts
with inspections. The outcomes of the inspections
are the observations and findings. The findings
should be distinguished from the observations.
An observation can be considered a finding if it

observations or/and findings.

Identification of inspection findings (Task 2).
To help the inspectors perform the identification
of findings, lists of questions should be developed
based on the national experience, best practices
(including finding identification processes), and the
recommended list of questions presented in the

IAEA-TECDOC-1867.

Evaluation of the significance of inspection
findings (Task 3). To evaluate the risk-significance
of the finding, suggested method distinguishes 3
possible paths: single finding reflected in the PSA
model, multiple findings reflected in the PSA model,

and findings not reflected in the PSA model.

has an essential effect on safety. If the impact of For the findings reflected in the PSA model, the
the observation on safety is of minor significance inspector uses the SSC risk-significance list, which
it should not be evaluated but the licensee should is developed based on the PSA indicators, and
be informed and is obliged to take the necessary proceeds with the evaluation (Task 3a) unless the
correctiveactions ontime.Foreachidentified finding, lists are not applicable for the evaluation process.

‘ Task 1: Perform inspections ‘
e S .
w{ Task 2: Identification of inspection findings ‘

findingl
Task 3: Evaluation of significance of inspection findings
Task 3a Task 3b Task 3c
Inspector evaluation Expert evaluation Expert judgement
| single finding i Multiple PSA evaluations

correlated findings are not applicable

‘Multiple independent |
findings [

|
v

| Task 4: Preparation of orders ‘

Notify the licensee and
document the observation

' N
| Task 5: Submission of the orders to the licensee | | Task 6: Process :
i— ———————————————————— | for the licensee =
|
Task 7: Ensuring that the issues are addressed and : to appeal !
documenting the results
Figure 2 - Workflow of the evaluation process of inspection findings
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If several findings are identified, the inspector needs
to check whether the findings affect each other. If
they are not linked to each other, they are treated
as separate single findings. If several findings are
linked to each other the cumulative impact on safety
should be addressed (Task 3b). If the findings are not
reflected in the PSA model, the inspector should
submit the information related to the finding to the
corresponding expert/s for analysis (Task 3c).

Inspector evaluation (Task 3a). The risk-signifi-
cance of a single finding or multiple unrelated find-
ings is determined according to the risk-significance
metrics presented in the risk-significance lists of sys-
tem components.

To determine the risk-significance of the systems,
components, and human errors, the risk achieve-
ment worth (RAW) and fractional contribution (FC)
values are used as follows [30]:

- High safety importance:

RAW(E)>2 and FC(E)>0.005
RAW(E)>100
FC(E)>0.1
- Medium safety importance:
2<RAW(E)<100 and FC(X)<0.005
RAW(E)<2, FC(E)>0.005;

- Low safety importance:
RAW(E)<2 and FC(E)<0.005.

An extract of risk-significance lists is presented as
an example in Table 2 [46].

If the component is of safety class 1 or 2, then the
priority to address the issue is increased despite the
associated risk metrics.

Expert evaluation (Task 3b). Risk-significances
of multiple correlated findings cannot be determined
based on the risk-significance lists of system
components. To address the cumulative impact on
the safety of the several findings, the expert evaluates
the risk-significances carrying out recalculations by
making corresponding changes to the PSA model.

Expert judgment (Task 3c). The risk-significance
of some findings can neither be determined using
risk-significance lists nor it can be evaluated by
making changes to the PSA models since they are not
reflected in them. Therefore, these findings require
expert judgment. Experts ascribe risk-significances
based on many different factors.

The evaluations should meet the timeliness re-
quirements. The evaluation time can be extended by
the permission of the regulatory body, if the recalcu-
lations require more time to finish.

Preparation of orders (Task 4). Orders are formal
documents that oblige the licensee to take corrective
actions during the specified time limits.

Submission of the orders to the licensee (Task 5).
Once the orders are prepared they are submitted to
the licensee.

Process for the licensee to appeal (Task 6).
Having received the orders from the ANRA, the
licensee has 5 working days to appeal by presenting
its justifications. Providing the arguments of the
licensee are pertinent and valuable, the inspector
or the expert has to review the identification and
evaluation of the finding. Then the experts or the
inspectors determine the final safety-significance of
the finding and final orders are prepared. The final
orders cannot be appealed. The licensee and the
regulator can request a meeting if needed.

Ensuring that the issues are addressed and
documenting the results (Task 7). When the time
limit is over, the ANRA should ensure that the licensee
has completed all the necessary corrective actions.
The completion of the corrective actions associated
with the finding should be formally documented.

Based on the proposed process, the importance
of inspection findings is evaluated to prioritize them
in terms of urgency. Some issues (finding) should be
resolved right away to keep the safety of the plant
at an appropriate level, meanwhile, the time limits

Table 2 - Risk-significances of the components of the emergency core cooling system

ID Description FC RAW
Risk-significances: High

EM-PC-2APN-1 ECCS pump 2APN-1 3.36E-02 5.90E+02
EM-PC-2APN-2 ECCS pump 2APN -2 3.36E-02 5.90E+02
EM-PC-2APN-3 ECCS pump 2APN -3 3.36E-02 5.90E+02
Risk-significances: Medium

EM-VI-2R-9-2 Valve 2P-9/2 1.23E-05 5.31E+00
EM-VI-2R-9-4 Valve 2P-9/4 1.23E-05 5.31E+00
EM-VI-2R-9-6 Valve 2P-9/6 1.23E-05 5.31E+00
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to address the other ones can be negotiated if they
have a minor impact on safety. The time limits to
address the issues should be commensurate with
their importance. It should be noted that in some
cases, the plant safety is degraded because of the
urgent measures taken to eliminate a finding that
was of low risk-significance. Meanwhile, the problem
associated with the finding could have been resolved
at a convenient time without negative effect on the
plant safety.

The resulting outcomes of all tasks should have
mandatory formal documentation. The inspectors
will benefit from using this approach since it is
a simple tool of evaluation and requires only to
act following the steps described in the process.
The process is free of subjectivity and is entirely
correspondent to the international requirements
and national regulations.

5. Practical application of the evaluation
process of inspection findings

To demonstrate the applicability of the proposed
process for the significance assessment of inspection
findings, the ones identified at the ANPP during
the last decade were analyzed. However, the actual
findings could not be used in the article, since it is
prohibited to reveal sensitive information regarding
plant safety. Moreover, the findings identified were
mainly common to the system components of minor
importance, which are not convenient to demonstrate
the applicability of the proposed process (no tangible
results during CDF calculation).

The inspection findings were categorized into
groups and based on the several types of findings,
hypothetic findings are introduced. To have
noticeable results, some of the hypothetic findings
are purposely developed for safety systems, shifted
from the minor ones, exaggerated, and made more
severe than they were.

In order to present separate and cumulative
impacts of multiple simultaneous findings onthe plant
safety and have more room for various assumptions
regarding their combinations, they were assumed to
be identified in the course of a single inspection.

In order not to go into details on what are
the functions of different components in the
considered systems, and to draw attention to the
implementation of the risk-significance assessment
of findings, the findings of several types were
assumed to be identified for the manually driven
valves mounted on the pressure head of the pumps
of different systems.

The first type of findings (hypothetic findings
No. 1, 2) contains findings resulting from type A
human errors.

Hypothetic finding No. 1. Throughout the
inspections, components of ECCS (emergency core
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cooling system) were checked. It was identified that
following testing or repair, the manually driven valve
on the pressure head of an ECCS (emergency core
cooling system) pump had been left closed as a
result of a human error.

Hypothetic finding No. 2. During the
inspections, components of the primary water
makeup system were checked. It was identified that
the manually driven valve on the pressure head
of a makeup pump had been left closed following
testing or repair.

The next type of inspection findings (hypothetic
findings No. 3) includes findings resulting from
wrong labels and inscriptions.

Hypothetic finding No. 3. During inspections, it
was identified that because of the wrong indication
of the direction in which the manually driven valve
on the pressure head of an emergency feedwater
pump closes, it had been left closed following
testing or repair.

Another type of findings includes inconsistencies
between documents or wrong instructions
(hypothetic findings No. 4).

Hypothetic finding No. 4. During document
inspections, inconsistencies were identified between
the description of the essential service water system
and job instructions of the operating personnel.
The requirement for changing the position of the
interlock switch of the pump of the essential service
water system into the right position following
the testing completion was omitted in the job
instruction of the main control room (MCR) operator.

According to the proposed process of
significance assessment of inspection findings, at
first, it was checked whether the findings could be
assessed by the inspectors based on risk-significance
lists of components. According to the proposed
significance assessment, the findings that were not
screened out are submitted to the PSA experts for
further significance assessment. If the quantity of
the findings identified that could be integrated
into the PSA model is insufficient to assess their
cumulative impact, they are addressed separately.
If several findings that could be integrated into the
models were identified, their cumulative impact on
the plant safety is assessed.

Several cases for various combinations of the
identified findings are analyzed. The cases are
presented below:

Case No. 1. This case includes three subcases.
While in the first two subcases (subcase No. 1a,
No. 1b), hypothetic findings No. 1 and No. 4 are
analyzed separately as single findings, in the third
one (subcase No. 2¢) the effects of their simultaneous
occurrence are demonstrated. In the last subcase
it is considered that the essential service water
system provides the ECCS with cooling water.
The ECCS consists of two trains with three pumps each.
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Normally, the manually driven valves on the pressure
head of the ECCS pumps are open so that they do not
prevent water to be pumped to the primary side in
case of a LOCA (loss of coolant accident). The valves
are closed during tests, so that water is recirculated
through the tank. The valves are also closed when
the pump is taken out for repair. During full power
operation, it is allowed to have an outage of no more
than one ECCS pump from the same group (train) for
an emergency repair or maintenance. At the same
time, no limitation is imposed on the power level of
the NPP unit. To sum up, in the first two subcases,
the effects of a single finding in ECCS and essential
service water systems are analyzed separately and
then compared to the results of the third subcase,
which considers their simultaneous effects, taking
into account the fact that essential service water
system serves as a providing system for ECCS. The
subcases are described below:
Subcase No. 1a. One of the ECCS pumps was left
inoperable following the completion of testing
or repair as a result of leaving the valve on the
pressure head closed.
Subcase No. 1b. Depending on the type of
inconsistencies identified between the system
description and job instructions, some operator
actions could have been overlooked or erroneous
actions might have been taken. In this case,
human error occurred following the completion
of tests in the essential service water system. The
interlock switch of one of the pumps was left in
a wrong position following a test, thus making it
inoperable.
Subcase No. 1c. In this subcase the effects
of simultaneous occurrence of inoperabilities
described in the previous two subcases are
analyzed. It was assumed that the inoperable
pump of the essential service water system
belongs to the train which supplies cooling
water to the ECCS train containing the pump left
inoperable.
Case No. 2. This case consists of two subcases.
In the first subcase (Subcase N23a) the effects of
concurrent Hypothetic findings N°2 and N3 are
analyzed and then the results are compared with
the results of the subcase (Subcase N23b) with
simultaneous Hypothetic findings N22-4.
Subcase No. 2a. In the subcase, the effects of
simultaneous hypothetic findings No. 2 and No.
3 are analyzed. Speaking of hypothetic finding
No. 2, the manually driven valves on the pressure
head of the make-up pumps are open so that
they do not prevent water to be pumped to the
primary circuit. The system has four pumps. The
valves on the pressure head are closed during
tests, so that water is recirculated in the system,
orwhen the pump is taken out for a repair. During
full power operation, it is allowed to have an
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outage of two pumps provided they are supplied
with power from two separate panels. Based on
water level decrease of in the pressurizer, 1, 2, or
4 pumps are automatically actuated. As a result
of leaving the valve on the pressure head closed,
in case of a LOCA, when pumps are automatically
actuated based on the setpoints of water level
decrease in the pressurizer, if the actuation of
that pump was required, it would not have been
able to pump water to the primary side and
replenish water losses. On the topic of hypothetic
finding No. 3, if in the course of inspections,
system components were identified with missing
labels or erased and unreadable inscriptions, it
would have been barely possible to differentiate
to which train of the system different fittings
of the same type belong. When operator
actions are required, the likelihood of human
errors increases because the operator will have
difficulties finding the right gauges or valves.
The same problem is with the wrong labels, for
example in the case of the wrong indication of
the direction in which a manually driven valve
closes. As a result, following a test or repair, it is
likely that the valve will be left closed. During the
inspections, components of the steam generator
emergency feedwater system were checked. The
system consists of two pumps. The system is in
standby mode during NPP normal operation
and is actuated by the system of step-start
automatics in case of a blackout. Normally, the
manually driven valves on the pressure head of
the pumps are open in order not to prevent water
to be pumped to the steam generators following
system actuation. During full power operation, it
is allowed to have an outage of no more than one
pump for an emergency repair or maintenance.
Resulting from the finding identified, in case of
a blackout, one of the pumps will not be able to
pump water to the steam generators.
Subcase No. 2b. The subcase is the same as
subcase No. 2a, but simultaneous hypothetic
finding No. 4 is added. When it comes to
hypothetic finding No. 4, it indicates that one
pump of the essential service water system is left
inoperable following testing or repair.

As a result of the significance assessment of the
inspection findings, the findings can be addressed
systematically in order of significance and in well-
substantiated time limits. The implementation
of this process will make the regulatory body
procedure to address the findings in line with IAEA
recommendations.

For the components that are of low
risk-significance, the improvement would be
setting longer time limits to address the issues. On
the contrary, for the components that are of high
risk-significance, setting shorter time limits would
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Table 3 - Summary of the calculation results showing the effects of hypothetic findings on the plant safety
(increase in CDF)

Case Hypothetic finding No. | Hypothetic finding No. | Hypothetic finding No. ACDF
1a 1 - - 2.93E-07
1b 4 - - 8.31E-07
1c 1 4 - 1.1E-06
2a 2 3 - 1.7E-06
2b 2 3 4 2.51E-06

be considered as an upswing. It should be noted,
that the time limits defined without the utilization
of PSA do not always reflect the urgency to perform
corrective actions in a well-substantiated way.

To perform the recalculations, the attributes
related to the applications of level 1 PSA mentioned
in IAEA Tecdoc 1804 [47] were taken into account.
Calculation results are compared to the ones for
the initial case (case 0) in which it is supposed that
there are no unresolved issues/findings in the NPP
unit. Two options to assess the ACDF increase in
core damage frequency were considered. The first
option was to make changes to the model, and the
second one was to use post-processing techniques.
For the latter option, the cutoff value should be
set low enough to include a sufficient quantity of
minimal cutsets to have reliable results following
post-processing. It will ensure that only a few cutsets
with the present basic event are left below the cutoff
value. For the considered cases, recalculations of the
plant PSA model were performed and the results are
summarized in Table 3.

The findings can be classified based on their risk-
significance, using an approach with a classification
scale similar to the one used by the US NRC SDP
(color-coding the inspection findings based on the
ACDF increase in core damage frequency) [37].

6. Discussion of the results

The ACDF increase in core damage frequency
was calculated for various cases. The findings
demonstrated impacts commensurate with theirrisk-
significance measures when considered separately.
The proposed process proved its applicability on
the examples of multiple simultaneous hypothetic
findings. Moreover, the process can be useful in the
cases with several low-significant findings, when
their risk-significance measures may undermine
possible negative effects they might have, provided
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they occur simultaneously. The process enables
the prioritization of several cases with multiple
concurrent findings. As a scale, it is proposed to use
the one used in the US NRC SDP process [37].

Conclusion

The practical applicability of the process
developed to support the regulatory body to assess
the significances of the inspection findings was
demonstrated. The recalculations present the results
that can be used to classify the cases with multiple
simultaneous findings according to their possible
impact on plant safety. To make the decision-making
process efficient, a scale to ascribe risk-significance
categories to the findings based on ACDF should be
developed.

References

1. Safety assessment for facilities and activities. Safety
Standards Series No. GSR Part 4, IAEA, Vienna 2009.

2. Risk informed regulation of nuclear facilities. Overview of
the current status. IAEA-TECDOC-1436. IAEA, Vienna 2005.

3. Risk-informed decision-making processes. An overview,
Enrico Zio and Nicola Pedroni, France, 2012. Retrieved
from: https://www.foncsi.org/en/publications/collections/
industrial-safety-cahiers/risk-informed-decision-making-
processes/CSI-RIDM.pdf.

4. Risk-informed regulation of nuclear facilities: overview of
the current status (IAEATECDOC-1436). Technical report, IAEA,
Vienna, 2005. Retrieved from: http://www-pub.iaea.org/MTCD/
Publications/ PDF/TE_1436_web.pdf.

5. An approach for using probabilistic risk assessment
in risk-informed decisions on plant specific changes to the
licensing basis. Regulatory Guide 1.174, rev. 3, US. Nuclear
Regulatory Commission (January 2018).

ISSN 2073-6321. ApepHa Ta pagiauiiHa 6e3neka 1(93).2022 37


https://www.foncsi.org/en/publications/collections/industrialsafetycahiers/risk-informed-decision-making-processes/CSI-RIDM.pdf
https://www.foncsi.org/en/publications/collections/industrialsafetycahiers/risk-informed-decision-making-processes/CSI-RIDM.pdf
https://www.foncsi.org/en/publications/collections/industrialsafetycahiers/risk-informed-decision-making-processes/CSI-RIDM.pdf

38

Khachatryan, A, Kanetsyan. G., Amirjanyan, A., Kohut, P, Grigoryan, V., Gevorgyan, A.

6. A framework for an integrated risk-informed decision
making process. INSAG-25, International Atomic Energy
Agency (May 2011).

7. A framework for using risk insights in integrated risk-
informed decision-making. EPRI 3002014783, Electric Power
Research Institute (Feb. 2019).

8. Ferrante, F, Lewis, S, Parry, G., Dube, D., Chapman, J.
(2021). Use of risk insights in the practical implementation
of an integrated risk-informed decision-making framework.
Nuclear Technology, Selected papers from the 16th International
Topical Meeting on Probabilistic Safety Assessment and Analysis
(PSA 2019). 207 (3). 452-459.

9. Borysiewicz, M., Kowal, K., Prysinski, P, Dabrowski, M.
(2013). An integrated risk informed decision making in the
nuclear industry. Informatyka, Automatyka, Pomiary W Gospodarce
| Ochronie Srodowiska, 3(2), 22-34. doi: 10.35784/iapgos.1448.

10.Khachatryan, A., Kanetsyan, G., Gevorgyan, A. Developing
the process of risk-informed inspections at the ANPP. Proceedings
of the Republic of Armenia, National Academy of Sciences and
National Polytechnic University of Armenia. Series of Technical
Sciences, 74(2), 158-167.

11. Vorobyev, Yu., Kudinoy, P, Jeltsov, M., K&op, K., Nhat, T.
Application of information technologies (genetic algorithms,
neural networks, parallel calculations) in safety analysis of nuclear
power plants. Proceedings of the Institute for System Programming
of RAS. 26. 137-158. doi: 10.15514/ISPRAS-2014-26(2)-6.

12. Gyunyoung, H. Sejin, B, Dohun K., Hyeonmin, K,
Jinkyun, P.  (2021). Recent research towards integrated
deterministic-probabilistic safety assessment in Korea. Nuclear
Engineering and Technology, 53, 3465-3473.

13. Seung-Cheol Jang. (2018). How should the regulatory
defaults be set? Nuclear engineering and technology. 50(7).
1099-1105. doi: 10.1016/j.net.2018.07.006.

14. Yamamoto, M. (2018). Preparation status for the pilot
program of the new nuclear regulatory inspection. OECD/NEA
workshop for the introduction of ROP.

15. Dong, J., Hyung, J. (2020). Development of a regulatory
framework for risk-informed decision making. Nuclear
Engineering and Technology, 52, 69-77.

16. Risk-informed in-service inspection of piping systems of
nuclear power plants: process, status, issues and development.
Nuclear Energy Series No. NP-T-3.1. 1AEA, Vienna, 2010, 44 p.

17. International workshop on risk informed inspection,
inspection of performance of licensee organisation, and
inspection aspects of plant near or at end-of-life. Appendix -
Compilation of survey responses. OECD 2005. 92 p.

18. Chang-Keun Yang, Tae-Young Shin, Choong-Sub Byun.
Analysis of safety inspection method applying graded approach
to nuclear power plants in Korea and the U.S. Transactions of
the Korean Nuclear Society Autumn Meeting. Goyang, Korea,
24-25 October 2019.

19. Khachatryan, A. Analysis of the international experience
of risk-informed inspections at the ANPP.

20. Report on the regulatory experience of risk-informed
inservice inspection of nuclear power plant components and
common views. Prepared by the nuclear regulators working
group task force on risk-informed inservice inspection,
European Commission, 2004, 90 p.

ISSN 2073-6321. AgepHa Ta pagiauiiHa 6e3neka 1(93).2022

21. ENIQ technical report. Lessons learned from the
application of RI-ISI to European NPPs, Brussels, Belgium, 2017.

22. Gandossi, L., Walker, A. International activities of the
ENIQ task group on risk. 8th International Conference on NDE
in Relation to Structural Integrity for Nuclear and Pressurised
Components, 29 October — 1 November 2010, Berlin, Germany
(JRC-NDE 2010).

23. ENIQ TGR Discussion document updating of risk-
informed inspection programmes. ENIQ Report No. 37, Petten,
the Netherlands, 2009.

24. O'Regan, P, Lafreniere, P, Rezaie-Manesh, M,
Chesworth, S. CANDU owner’s group risk-informed inservice
inspection pilot study. 10th International Conference on NDE
in Relation to Structural Integrity for Nuclear and Pressurized
Components, Cannes, France, 2013.

25. Working group on the regulatory use of PSA
methodology final report of the 4th mandate. 2018, Budapest
Hungarian Atomic Energy Authority (HAEA).

26. Julin, A, Marttila, J, Niemeld, I, Rantala, R,
Valkeajarvi, O., Virolainen, R. Development of risk-informed
in-service inspection (RI-ISI) requirements at STUK. 20th
International Conference on Structural Mechanics in Reactor
Technology (SMIRT 20) Espoo, Finland, August 9-14, 2009
SMIRT 20-Division 8, Paper 1794.

27. Gandossi, L., Simola, K. Stevenson, P, O'Regan, P,
Lydell, B., Hultqvist, G., Leijon, A., Enger, K. Final results of the
RISMET project: benchmarking of RI-ISI methodologies. 8th
International Conference on NDE in Relation to Structural
Integrity for Nuclear and Pressurised Components, 29 October -
1 November 2010, Berlin, Germany (JRC-NDE 2010).

28.Gromov, G., Dybach, A,, Sevbo, A., Gashev, M., Boichuk, V.
(2010). Application of risk-informed approaches in inspection
activity. Nuclear and radiation safety, 3(47), 9-15. doi: 10.32918/
nrs.2010.3(47).02.

29. Seung-hee, L., Murray, R. (2019). Human resource
planning for authorized inspection activity. Nuclear Engineering
and Technology. 51, 618-625.

30. Working group on the regulatory use of PRA
methodology. Final report of the 4th mandate, Budapest, 2018.

31. Kanetsyan, G. (2019) Recommendation on inspections
planning and implementation of the ANRA carried out
inspections at the ANPP. Version 01: NRSC.

32. Kanetsyan, G., Khachatryan, A. (2019). Familiarization
with existing experience in the field of risk-informed regulatory
inspection. Version 01, NRSC.

33. Vanessa, M. Performance of regulatory inspections
in radiation protection at the Koeberg Nuclear Power Station
(KNPS). National Nuclear Regulator (NNR), 17 Atlantic Avenue,
Duynefontein, 7441, South Africa.

34. National report of the Slovak Republic. Compiled In
terms of the convention on nuclear safety (June 2013). Retrieved
from: https://www.iaea.org/sites/default/files/slovakia_nr.pdf

35. IAEA-TECDOC-1867.  Handbook  for
inspectors of nuclear power plants.

regulatory

36. Functions and processes of the regulatory body for
safety. Safety Standart series No. GSG-13. IAEA, Vienna, 2018.
Retrieved from: https://www-pub.iaea.org/MTCD/Publications/
PDF/P1804_web.pdf.

° [NEPXABHE MIANPUEMCTBO
[AEPYKABHUM HAYKOBO-TEXHIYHUIA
N R s LEHTP 3 SAEPHOI TA PALIALIAHOI

BE3MEKN


https://doi.org/10.35784/iapgos.1448
https://www.ndt.net/search/docs.php3?MainSource=118&showForm=
https://www.ndt.net/search/docs.php3?MainSource=118&showForm=
https://www.ndt.net/search/docs.php3?MainSource=118&showForm=
https://www.ndt.net/search/docs.php3?MainSource=118&showForm=
https://www.ndt.net/search/docs.php3?MainSource=118&showForm=
https://www.ndt.net/search/docs.php3?MainSource=118&showForm=
https://www.ndt.net/search/docs.php3?MainSource=118&showForm=
https://www.ndt.net/search/docs.php3?MainSource=118&showForm=
https://doi.org/10.32918/nrs.2010.3(47).02
https://doi.org/10.32918/nrs.2010.3(47).02

Application of Risk-Informed Approaches in Significance Determination of Armenian NPP Inspection Findings I

37. Madison, A. Initial experience with the NRC significance
determination process. Inspection Program Branch, Office
of Nuclear Reactor Regulation, US. Nuclear Regulatory
Commission.

38. Guidance for  performance-based regulation.
NUREG/BR-0303. US NRC, 2002. Retirieved from:
https://www.nrc.gov/docs/ML0234/ML023470659.pdf.

39. NRC inspection manual. Inspection manual, chapter
0609. Significance determination process.

40. Zane, S. RA, Acting Assistant Inspector General for
audits: audit of NRC’s significance determination process for
reactor safety (OIG-16-A-21).

41. Additional issue screening guidance. NRC inspection
manual. Chapter 0612. Appendix B. (2019). Retrieved from:
https://www.nrc.gov/docs/ML1924/ML19247C384.pdf.

42.US. NRC. Full-Text Glossary. Retrieved from:
https://www.nrc.gov/reading-rm/basic-ref/glossary/full-text.html.

43. Kanetsyan, G. (2019) Recommendation on inspections
planning and implementation of the ANRA carried out
inspections at the ANPP. Version 01, NRSC.

44. Khachatryan, A. Kanetsyan, G. Gevorgyan, A.
Developing an approach to draw up risk-informed routes for
inspections at the NPP. National polytechnic university of
Armenia, Bulletin, Collection of scientific papers, Part II.

45. Kanetsyan, G. (2017). Recommendation for inspections
planning using risk-informed approaches. Version 01, NRSC.

46. Kanetsyan, G. (2018). Development of the first version
of the methodological document on risk-informed inspection
planning. Version 01, NRSC.

47. Attributes of Full Scope Level 1 Probabilistic Safety
Assessment (PSA) for Applications in Nuclear Power Plants.
|IAEA-TECDOC-1804. |AEA, Vienna, 2016. Retrieved from:
https://www-pub.iaea.org/MTCD/Publications/PDF/
TE1804web.pdf.

LIEHTP 3 YAEPHOI TA PALIALIMHOI

) [DEPXABHE MIANPUEMCTBO
[EPKABHUM HAYKOBO-TEXHIYHUI
s BE3MEKN

3acTocyBaHHA NiAX0AiB 3 ypaxyBaHHAM
pu3nKiB y BU3HaYe€HHi 3Ha4YyLWOCTi
pe3synbratiB iHcneKuii BipmeHcbkoi AEC

XauaTtpsaH A."?, KaneuyaH I.', AmipgaHaH A.',
KoxyT .3, TpuropsH B.%, TeBoprsH A.?

"3AT «LleHTp AapepHOi Ta pagiaLiiiHoi 6e3nexmn»,
M. EpeBaH, BipmeHia

*HauioHanbHWUI NONITEXHIYHNI yHIBEpCUTET
BipmeHii, m. EpeBaH, BipmeHia
*BpykxelBeHCbKa HallioHanbHa nabopaTtopis,
m. AntoH, CLLIA

4YnpaBniHHA AgepHOro perynioBaHHA BipmeHi,
M. EpeBaH, BipmeHia

Migxoan 0O MPUMHATTA pilleHb 3 ypaxyBaHHAM
pu3ukiB 'y chepi perynatopHUx MepeBipoK, Lo
3pincHioloTbcA Ha AEC, MaloTb Ha MeTi nigTpymatu
perynatopHuiA  opraH Yy  Kpawin  opraHisauii
nepeBipoK. Y CTaTTi OnNucaHoO HauiOHaNbHWA [OCBIA,
iHCneKuinHoi  gianbHOCTI  BipmeHii,  akueHTyoun
yBary Ha npoueci OUiHK/ 3HavywocTi pesynbraTtiB
iHCMeKLil Ta NPOAEMOHCTPOBAHO NOro 3aCTOCYBaHHA
Ha nNpakTMYHUX npuknagax. o6 npogemoHcTpyBaTK
3aCTOCOBHICTb 3aNPOMNOHOBAHOIO MPOLECY, BU3HaYeHO
Pi3Hi rinOTeTNYHI BUCHOBKW NepeBipKn A1 NOAANbLLOI
OLiHKK. 3anponoHOBaHO MNigXOAW ANA BU3HAYEHHSA
3HAYYLWOCTi OAVHUYHUX | MHOXWHHUX pe3ynbTarTis.
Po3rnanyTo gekinbka BUNagKis okpemMmx rinoTeTUYyHmX
3HaxiloK Ta ix KOMmOiHauiin. Y cTaTTi y3aranbHeHo
pesynbtatm  AnA  PO3MAHYTUX  BUMAAKIB,  AKi
PO3KpPKBaloTb 3aCTOCOBHICTb NPOLIECY, AEMOHCTPYHOUM
3HaYYLWLiCTb FiNOTETUYHNX BUCHOBKIB Ta KYMYNATUBHUN
BM/IMB KiJIbKOX OOHOYACHMX FNOTETUYHMX BUCHOBKIB
Ha 6e3neky cTaHLil.
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