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Membrane method in assessment
of organizational and technical reliability
of NPP construction projects

The materials of the presented research paper are based on the analysis of recommendations for improving
the organizational and technical reliability of planned solutions in the conditions of system risk at the stage of prep-
aration and the main phase of construction of large industrial complexes, such as a nuclear power plant (NPP).
The system analysis carried out by the author forms the basis for methodology recommendations on the selec-
tion of a rational option of work plan for the construction of a technically complex industrial facility. The conclu-
sions are made on the basis of the development by the author of his own simulation model of risk analysis using
a modern approach to the application of automated systems for scheduling production processes of NPP project
implementation, including at the international intergovernmental level.

The research paper characterizes theoretical methods and practical recommendations for the development and
selection of a rational variant of work organization at the NPP construction site at all stages of the project life cy-
cle. As a basis for selecting the most rational work organization plan, the author proposes to develop and imple-
ment a simulation model on the basis of the Membrane Method, which accumulates data for comparative analy-
sis of the results of all project systems. The essence of this Membrane model is described below.

The paper presents the main requirements to the technical specification for the domestic development of soft-
ware for processing the data of risk analysis for the NPP construction project realization at each stage of the pro-
ject life cycle.

Keywords: nuclear power plant (NPP), NPP construction, NPP reliability management, NPP construction risk
management, construction economics, industrial construction, multi-criteria reliability assessment, enterprise eco-
nomics, mathematical modelling, machine risk modelling, automatic control system

INTRODUCTION and risk assessment, namely the Membrane Meth-
od of NPP risk estimation by Sezemin D.E. This
method views each stage of the project life cycle as
a layer of membrane, where first one or another risk
emerges and then passes, or rather, “germinates”
or evolves into the next layer (the next stage of
the project life cycle), having the opportunity to
pass through all layers of the membrane or, con-
versely, end on a certain layer, having had its im-
pact. Risks can grow, appear or disappear at any
stage, starting from the first and ending at the top of
the layers. The development of the software, neces-
sary and recommended by the author of this paper,
based on the membrane method will allow visualiz-
ing (by adding a contrasting colour) how much
the risk affects the final target parameters of
the whole system. Introducing the concept of “tar-
get parameters of the NPP construction system”,
the author adopts the following four parameters of
the system: timing, economic efficiency, quality,
and safety, associating them with the four corners of
a square. The presented description of the mem-
brane model in the form of a three-dimensional fig-
ure allows visualizing in the form of an image, as
well as in the form of a risk dynamics graph,
the main aspects of the investigated problem:

tifies the challenges of the modern international

market of nuclear energy, analyses domestic and
international experience in the construction of tech-
nically complex megaprojects, studies and system-
atizes organizational and technical aspects of
the concept of reliability and risks of technically
complex industrial facilities, based on the example
of an international project for the construction of
a nuclear power plant (NPP).

The author seeks to solve one of the most im-
portant problems — to define risk and its assess-
ment in an inextricable connection with the life cycle
stages of projects in the field of peaceful atom ap-
plications.

Both the principles of assessment of organiza-
tional and technical reliability of the system under
study and the methods of reliability and risk assess-
ment have been systematized. The author devel-
oped his own multi-criteria approach to the concept
of reliability using modern theoretical methods in
the context of the development of NPP construction
projects abroad, taking into account global and in-
tergovernmental risks.

Analysing the methodological recommenda-
tions for improving the system of preparation and
execution of construction works of large and techni-
cally complex industrial complexes, the author pro-
poses ways to improve the organizational and tech-
nical reliability of design solutions under risk
conditions. Thus, the author develops and imple-
ments his own concepts and methods of reliability

I n the presented research paper, the author iden-

e the fact of risk existence;
e the stage of risk occurrence;
¢ the stage of risk impact termination;

e at all stages of the life cycle, the impact of
each of the risks separately on the system of
the organizational and technical reliability of
the project;
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¢ the impact of all risks on the system, assessed by four angular
parameters;

e the assessment of the risk impact can be done before and
after taking compensating measures.

THE MEMBRANE METHOD

Having analysed current theoretical and practical problems
faced by the executor and the customer of EPC-contracts' used as
a modern risk management tool?, the author sees the need for
a comprehensive study of the issues related to non-performance,
improper performance, liability, and risks of failure to achieve or ob-
tain the full economic effect from the realization of megaprojects that
are implemented on the basis of international contracts and intergov-
ernmental agreements. These issues are becoming increasingly rel-
evant in the field of nuclear energy and peaceful atom applications.

At the same time, the very application of the EPC-contract in
NPP project realization, on the one hand, allows the transfer and
delegation of risks, and on the other hand, the system of risk man-
agement itself, mitigation and compensation of their consequences
is transferred to the contractor’s area of responsibility, while the pro-
ject risks themselves are retained and even increased, or new types
of risks are added. In this publication, therefore, the idea of risk
mitigation and management through the EPC-contract is seen as
not dominant, and risks are treated in their pure form impersonally
and independent of economic agents, Customer or Contractor.

The basis for the preparation of this paper is a thorough long-
term analysis of scientific and methodological recommendations for
improving organizational and technical reliability of design solutions
under risk conditions at various stages of the NPP project life cycle.
This work allows the author to develop his own recommendations on
selecting a sound risk management option and to develop the terms
of reference for a new national automated process control system. As
a basis for the terms of reference, it is proposed to apply the newly
developed membrane method of risk assessment and management.

When developing the concept of our own methodology of reli-
ability assessment and risk management, it should be noted that
one of the fundamentals of such management is the development
of a certain management strategy, when an individual reliability and
risk management strategy is implemented at the enterprise.
The methodology determined by the modern development of
the scientific and technical sphere recommends applying long-
term, medium-term and short-term strategic planning, which is also
acceptable for reliability and risk management of the main phases
of the life cycle of the NPP construction project.

Management of both internal and external risks can be carried
out on the basis of a specially created ACS TP (automated control
system of technical processes) at the enterprise, which is a set of
hardware and software that monitors and controls production and
technological processes, maintains continuous feedback and ac-
tively influences the process in case of deviation from the specified
parameters, as well as provides regulation and optimization of
the controlled process. On the basis of his own developments and
methods described in this publication, the author proposes to take
the following requirements for the ACS development as a basis for
the technical specification:

e the product should be designed to automate a specific facility;

e the product stabilizes the specified modes of the technological

process by measuring and processing the values of techno-
logical parameters, visualizing and issuing control actions (in
real time) on the working mechanisms in automatic and semi-
automatic mode (if applicable to a particular production pro-
cess, taking into account the technologist-operator’s actions);

e the product analyses the current state of the technological
process, allows to identify pre-emergency situations and pre-
vent accidents by transferring technological units to a safe
state, both automatically and under the control of operating
personnel;

e the product provides the engineering and technical person-
nel of the enterprise with the necessary information about
the technological process for solving the problems of control,
accounting, analysis, planning and management of the pro-
duction process.

In a broad sense, the engineered ACS, in our opinion, should
be based on a feasibility study of the NPP project, which specifies
the capacity of the NPP, the number of power units, the number of
reactors within a reasonable feasibility study, specifies the region of
construction, estimates the investment volume of investment, and
includes calculation of the project payback, project profitability and
return on investment.

Further, the author proposes to divide the ACS into levels and
suggests the following division acceptable for NPPs:

1. The level of technological process (field level).

2. The level of control and management of the technological

process (controller level).

3. Baseline network level (network).

4. The level of man-machine equipment (top level).

As a result of the conducted research, the basic principles of
the cybernetic model of a modern Russian-made ACS for NPP pro-
jects have been determined. The development stages include
the following steps (Note: the presented plan is equally applicable
to the development of the proposed risk assessment and manage-
ment method):

1. Definition of technical requirements to the control and man-

agement system.

. Development of design and cost estimate documentation.

. Collection and analysis of initial data.

. Compilation of a complete list of variables.

. Completion of the ACS system (risk assessment).

. Division of the control facility into technological sections and
subsequent allocation of variables to sections and groups.

7. Creation of in-house databases (libraries).

. Creation of a graphical interface of the screens of operators
and control personnel (links) alternately in dynamics and
statics.

9. Creation of transition schemes from static to dynamic images
on screens.

10. Development of control algorithms (for all possible modes of
operation of the facility, including emergency and post-emer-
gency).

11. Creating the possibility of generating printed documents by
sending to printers in subdivisions (in order to save time).

12. Verification of databases.

13. Preparation of operational documentation.

14. Testing of the system in stand-alone mode.

[ NN G) RNV V)
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1 Engineering, procurement, and construction. URL: https:/ru.wikipedia.org/wiki/EPC_(koHTpaKT)
2 EPC contract. Neftegaz.RU. URL: https://neftegaz.ru/tech-library/menedzhment/141747-epc-podryad-kontrakt/#:~:text=EPC%20-%20koHTpakT%20(Engineering%2C%20

Procurement%2C,h1KcnpoBaHHon%20ueHe %20k %20drKcmpoBaHHo%200aTte
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15. Testing of the system in operational mode.
16. Formal implementation, commissioning, personnel training,
issuance of relevant orders and instructions.

In the proposed risk management model, the development of
the ACS TP model at the feasibility study is a strategically planned
step. In parallel with the risk management model, a system of con-
tinuous risk assessment and control is being implemented, leading
to the achievement of the main four project objectives, such as:

1) project timeline;

2) costs;

3) project quality;

4) project safety and security.

The membrane method of risk assessment is based on the al-
gorithm for calculating the full economic result of the risk manage-
ment strategy for each stage of the NPP project life cycle. For
the purposes of this study, the following steps or layers of a mem-
brane-based risk management approach are identified, followed by
software development based on the membrane method of risk

management:
1. Initiation.
2. Planning.

3. Development of criteria and strategy for NPP location (inter-

related with items 3-6, 9).
4. Design (interrelated with 1, 3-9).

5. Construction (interrelated with 1).

6. Commissioning.

7. Operation.

8. Extension of operation (modernization).

9. Termination of operation.

10. Shutdown of processes.
11. Decommissioning [1].

Each of the eleven project phases represents a layer of the risk
assessment membrane system (Fig. 1, Table 1, 2).

Risk accounting and analysis by membrane method will allow
to present calculation of the full economic result of the risk manage-
ment strategy for each period of project development (Fig. 2).

The 3D representation of the membrane method (membrane
model) is as follows: risks by groups form the membrane layers,
which, in turn, form the so-called “membrane pie” by stacking lay-
ers on top of each other The layers are arranged horizontally in
the order of the life cycle stages of the project of a technically com-
plex facility — a NPP. The lattice of stacked membranes has sev-
eral effects: “spring effect,” “impermeability effect” (hereinafter im-
permeability is understood as the optimal degree of overall project
reliability), and “layer — problem — balance” effect. It should be
noted that the description of the membrane method with the help of
a 3D picture gives an idea of the significance and relevance of
the task of systematization and digitalization of big data in the field
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Fig. 1. Example of a risk summary table

Table 1. Example of a summary table of risk factor impact assessment

Impact on volume Impact on safety Impact on the public Impafr::nstsess—
Changes in volumes can be covered by current The level of decrease in public trust at the local level is in-
contractual obligations The assessment of the impact of | ggnificant !
risks on safety is carried out in ac-
Additi(.)ngl agreements are required within | . ouo0 oo the requirements of Decrease in the Ievt?l of public confidence at the local level. 9
the existing contractual framework current legislation and local regula- Short recovery period
Additional agreements with Contractors re- | tions. Methods of risk prioritization, | Decline in public confidence at the regional level. 3
quired scoring scales and significance cri- | Short/moderate recovery period
teria for environmental safety, in- | poiine in public confidence at the international/regional
Additional agreements with the Client required | dUStrial safety, occupational safety, | oo o at the level of important partners. 4
information security and other relat- Moderate/long recovery period
ed risks are set out in special docu-
Revision of substantial terms of EPC contract/ ments issued under the Project Damage to public trust at international or key partner level. 5
contract with Tier 1 Contractor required Long recovery period
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Table 2. Assessment of the impact of risks with background col- 7. Main risks — the most significant risks in terms of their mag-

ouring nitude.
8. Risk — a possible danger, threat of an adverse event, as well
Probability Impact assessment as an unexpected (including favourable) result of actions or
1Verylow | 2Low | 3 Medium 5 Very high event development, measured through the probability of
5 Very high 5 10 15 event occurrence gnd the amount of damage (result adjust-
ment) from a certain action [2].
4 High 4 8 12 9. Risk owner — a person responsible for a certain risk or group
3 Medium 3 6 9 12 15 of risks within the project at all stages of the project life cycle.
2 Low 9 4 6 8 10 10. Risk resporlwse strateg}/ —a de.cisionlbased on the outcome
of risk and its economic effect, including such types as (from
1 Very low 1 2 3 4 9 smaller to larger) reduction, acceptance, increase to an ac-
ceptable value, elimination, postponement of the stage®.
of assessment and reduction of the maximum possible number of 11. Risk management — a system adopted at the enterprise,
risks in the work of technically and organizationally complex con- aimed at influencing the risks identified or predicted and
struction projects. modelled in the course of analysis.

The membrane method of reliability and risk assessment of 12. Risk factor — cause, event, action (inaction), activity, influ-

a technically complex production system is based on the following encing the occurrence and possibility of risk adjustment.
concepts: 13. Risk management measures — planned and emergency

1. Risk value — an indicator that determines the weight (signifi- measures taken to manage risks.
cance) of a particular type of risk in relation to other (accept- 14. Risk immanence — a state of the system, in which the risk, as
ed in the system) types of risk. well as its analysis and management are a permanent inter-

2. Risk register — types of risks defined as significant for a par- nal property of the system, inherent in the project at all stag-
ticular technically complex production system. es of its life cycle and requiring continuous ongoing monitor-

3. Risk probability degree — probable, unlikely or improbable ing, due to empirically achieved understanding of
possibility of occurrence of the given type of risk depending the possibility of new unplanned risks at any stage of imple-
on the possibility of occurrence. mentation of a technically complex project.

4. Risk expert panel — a collegial body (project team) specially 15. Risk reporting — the process of preparation and approval of
formed for the project realization, which includes experts for data on risk analysis, results of risk analysis, measures taken
each type of risk, as well as staff and engaged specialists for to manage risks and the economic effect of these measures,
the development and implementation of software represent- formalized (reported) in accordance with the internal regula-
ing the corresponding membrane-type simulation model. tions of the company, as well as the requirements of GOSTs

5. Acceptable risk — the amount of risk that is tolerated by for each risk or group of risks at each stage of the life cycle

of a technically complex project.

In order to form a risk analysis system based on membrane-
based reliability and risk management, we propose to divide
the process into the following steps:

1. Search and identification of risks.

2. Verification of risks with the help of system methods used in
the organization (checklist, decision tree, event tree, “what will
happen if” method, as well as the expert method described in
detail in Chapter 2 of the presented qualification work).

3. Entering risks into a unified system adopted at the enterprise
and using network schedules, test reports, surveys of spe-
cialists with data entry into questionnaires, which is de-
scribed in detail and systematized by the author in Chapter 2
of the presented qualification work.

4. ldentification of planned risk parameters, deviations from
which are planned to be controlled and, if necessary, cor-
rected subsequently at all stages of the system life cycle.

5. General description of risk is performed for all types of risk

the simulation membrane model.
6. Compensatory measures — a set of actions leading to re-
duction of the risk value to an acceptable one.

<= Membrane layers; ~ Project target parameters: and includes:
T Risk factors; 1—Term * description of risk;
(a different color is assigned at 2 — Expenses . il f risk b " )
each stage o the project) 3 — Quality possible consequences of risk by options;
4 — Security e the impact of risk on the timing of the project;

Fig. 2. lllustration of the Membrane Method for assessing the or- e the monetary value of risk, affecting the total cost of
ganizational and technical reliability of a project the project; in this case, compensation measures,
3 In the presented work the concept of risk transfer to an external counterparty is not considered due to the fact that, regardless of the risk owner, this risk is to be managed as

a contractual arrangement and on the basis of labour relations and internal regulations of the company; the risk owner does not change, and his competence is expanded, integrating the function
of “risk curator” that is, the person responsible for interaction with the counterparty who technically accepts the risk. >



#4 /2023

MexayHapoaHbI Hay4YHO-TEXHUHECKUI XYypHan

HeoBmX1UMOCTb: SKOHOMMUKA, ynpaeneHune

OTEYECTBEHHbI U 3APYBEXHbIi ONbIT

58
> the decision taken, as well as the result of such a decision risks added to the system and to create an interpenetrating
are formalized at a later stage of the membrane-based risk fine-mesh structure of all risks of the project.
management process. . After determining all risks of the system (with understanding
The general formulation of the risk should contain, in addi- of the immanence of risks of the project system), their clas-
tion to the name of the risk, its causes, consequences of its oc- sification is carried out, which can be based on the method
currence and the degree of impact on the project objectives, Of TECOP.S.H — technical, economic, commerma!, organiza-
according to the membrane method, and an assessment of tlona.lz pollltlcal, supplemented'k')y the author of th_ls research
) ) . qualification work by the classification oh the social-humani-
the impact on the overall economic performance of the project. . o ) ) )
) ) tarian principle, including such groups of risks as demo-
It should be noted that to assess the risks of technically ) . ) . . .
| ) N N graphic, the position of the company in society, its reputation,
complex production systems, the aut. O Proposes to. aban- etc., as the basic approach to the classification of risks*[3] .
don ”_]e often used S'o'ca”?d pyram|d§| SySt?m of risk ac- . Risk assessment — the result of the risk assessment process
counting, based on hierarchical structuring of risks, because is the determination of the impact of a certain risk on the pro-
newly emerging risks at any stage of the life cycle of the sys- ject parameters included in the feasibility study. Qualitative
tem can and will claim a more important place in the already risks are divided by the degree of influence on the project;
formed pyramid of risks. The membrane type of risk stacking quantitative risks differ on the basis of probabilistic assess-
allows to supplement the already existing risk structure with ment.
Table 3. Risk scale. Layer 1
Type of budget risk for project Budget growth Budget growth Budget growth Budget growth Budget growth Budget growth from
implementation in%upto1% from1t02 % from21t0 3 % from 3t0 4 % from41to5 % 510 6 % and so on
Design delay

Delay in construction works

Delay in equipment delivery

Level 1 human error resulting in ac-
cident and equipment failure (by
type of equipment)

Changes in average annual air tem-
perature by 1° C

Currency exchange rate fluctuations

Strike of transport workers
for 10 days or more

Table 4. Risk scale. Layer 2

Weight/qualitative indicator
Target indicator
[tem No. [tem No. Item No. Item No. Item No.
Operational costs
Budget Increase by 1 % | Increase by 2 % - - -
Capital expenditures
Delayed by
Schedule Delayed by 1-2 months Delayed by 3-4 months - -
0 month yea by yed by
Minor impact (on part of The project is better not
Quality No deterioration | project activities), possible | Requires Client approval | Unacceptable to be implemented in
adjustment this capacity
ecological ) ) _— . ) ) )
On the basis of a specially created expert panel, legislative requirements and internal regulations and rules, an appropriate
Safet industrial membrane layer of risk impact on project safety is described, taking into account the assessment of costs to ensure the re-
y information quired level of safety. It is included in the terms of reference for the development of software for the risk assessment sys-
tem using the membrane method
labour safety
4 According to the data collected by the authors of the paper “Development of risk classifier as a stage of successful risk management” published in the scientific and practical journal

“Problems of risk analysis”, Rosatom Corporation uses the TECOP classification as a basic approach to the classification of risks. This classification was the basis for the development of
the Electronic Risk Classifier as part of the Unified System of Classification and Coding of Nuclear Energy (USCC NE).
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For qualitative assessment of risks, the author proposes
to introduce weighting of each risk individually and in groups,
with a total weight of 100.

The author of the presented research and qualification
work proposes to identify four main target parameters, which
are affected by risks (groups of risks) and in general the risk
exposure of the enterprise, namely:
® project realization timeline;

e budget of the project realization;
e quality of the project and its products;
e project safety.

For the Project Implementation Budget indicator it pos-
sible to introduce the following system of data recording on
risk analysis types, expert assessment of their impact on
the target indicator of the project, and the weight of each risk
(Table 3, 4).

8. Risk ranking. The assessment is made by evaluating the im-
pact of the relevant risk on the project targets, having previ-
ously determined the magnitude of each risk by applying
the previously described scoring system — the probability of
risk occurrence and the risk exposure of the system. The for-
mula is straightforward:

R=P-V,

where R is scoring of the value of a particular risk; P is score risk
assessment; V is scoring of the system exposure to the risk.
Here a convenient method is to fill in the table with values
of negative consequences of risks or the matrix of possibili-
ties (positive consequences) in the form of a table of risks in
the form of a table (it is not the values themselves that matter,
but the location of their gradient in Table 5).
9. Identify recommended strategies for the effective impact of
risk management activities on project targets.
10. Present the data to the risk expert panel. The results are sum-
marized in a table using the following example (Table 6).

Table 5. Gradient arrangement of risks

Impact assessment

Probability

Very low Low Medium High Very high

Very high

High

Medium

Low

Very low

Table 6. Development of strategies and interventions based on
the risk score determination

Risk score (deter-

trate Measures
mined by experts) Strategy u
1-4 Acceptance Control measures

. Compensatory ~ measures,
4-15 Control (reduction) .p y o
continuous monitoring

) - Compensatory ~ measures,

15-25 Reduction, rejection P y

continuous monitoring

11. Calculation of residual risk after application of compensating
measures is the next stage of the algorithm of work with
the risk management system. The calculation is recommend-
ed to be carried out in two directions: assessment of the pos-
sibility of influence on the probability of occurrence of a risk
event and assessment of risk on the possibility of application
of compensating measures. Here the derived function for-
mula is applied, similar to the risk analysis, when the value of
multipliers is reduced by the value of manageability for each
type of multiplier. Manageability can also be determined by
expert judgment, when each score (on a selected scale) is
assigned a degree from 0 to 100.

The final value of residual risk is calculated as arithmetic mean of
the normal Gaussian distribution, where the upper and lower values
of the studied parameter are not included into the area of analysis.

For quantitative assessment of risks, simulation models are used.
Each risk is assigned a rating in the form of a number, the impact of
risks on the project is assessed both for each risk separately and for all
of them together. After reducing the degree of risk, a second assess-
ment is done, based on the identified trends, and a decision is made
on the further implementation of compensatory measures. The Monte
Carlo method is used, based on the use of random number sampling.
A special algorithm assigns a random event, with the help of which
the probabilistic problem is solved. This method replaces complex al-
gebraic computations in the following three cases:

e when modelling complex operations with interaction of many

random factors;

e when verifying the applicability of analytical methods of re-
search and clarifying the conditions of their applicability; it
should be taken into account that the calculations are carried
out repeatedly (e.g., 100 times);

e when developing corrections to empirically derived analytical
formulas [4].

Speaking about the proposed method of risk assessment, it
should be noted that the author uses the parametric method as
a sub-method (for systems that do not have well-defined planned
costs and terms of implementation, in particular, for the assessment
of projects at the feasibility study stage). An example of a risk as-
sessed by such a sub-method is the probability of failure to build
a nuclear power facility in a given location, as in the case of the trans-
fer of the construction site of the Turkish NPP to Akkuyu from another
province. In 1980, the planned location for the NPP was Inceburun in
Sinop province, and later it was transferred to Akkuyu, the Gulnar
district of Mersin; “in 2017, the Turkish Atomic Energy Agency ap-
proved the design parameters of the Akkuyu NPP site” [5]. This case
is also suitable for risk assessment using the parametric method due
to the on-going situation with the postponement of the launch date
and, in general, the entire realization of the Turkish NPP project.

Based on the results of identifying all possible types of risks and
their assessment using the presented methodological approaches,
risk registers are developed, both integrated (for the entire project)
and localized (by project subdivisions), and experts on a particular
type of risk are involved in the finalization of each of the registers.

The author of the presented research proposes to organize
the activity within a single scale from risk acceptance to risk avoid-
ance (exclusion of action) and then divide the risks into groups de-
pending on the degree of riskiness of action:

1. Acceptable risks are those that can be accepted at a given

stage of the project life cycle; it should be noted that risks at
different stages of the project life cycle are also distinguished
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by the degree and the actions that need to be taken to bring
the risk to an acceptable level.

2. Risks that should be reduced are those whose management
reduces the likelihood of an event. Staff training is a prime
example.

3. Risks that should be increased are those leading to positive
effects for the project.

4. Planned risks are risks for which it is possible and accepta-
ble to develop and implement an action plan to reduce risk to
acceptable levels.

5. Transferable risks, for which the best solution is to transfer
them on a contractual basis under certain guarantees and
responsibility of the contractor.

6. Avoidable risks are those that result in the avoidance of a giv-
en action or such a significant change in the operation of
the system that eliminates the risk.

The author believes it is advisable to separately identify and
analyse the risks that may hinder the implementation of strategic
goals of the State Corporation through the implementation of a spe-
cific NPP construction project, namely:

e increasing the share in the international nuclear power markets;

e reduction of production costs;

¢ reduction of production process time;

e introduction of new products to the market;

¢ global leadership in the field of technology [3].

Risk analysis through the membrane of strategic goals of Ro-
satom State Corporation is the most important objective of
the methodology developed by the author of the research work.

The introduction of the membrane method of risk assessment
allows monitoring of all types of risks at all stages of the NPP con-
struction project life cycle due to the unified systematization of all
types of risks in one software program. This constant monitoring is
achieved by the idea of development and implementation of a sub-
function of regular system queries within a single software product.
This software should work similarly to the M2 DSS banking product,
which links the registration of a real estate transaction with the fact
of its payment by disclosure of a confirmed letter of credit, sending
electronic requests to the Russian State Register (operating on
an electronic online platform). There can be about twenty such re-
quests per day; after a positive response the funds are unblocked
and the transaction is completed. In the described risk assessment
system, it independently (without human participation) requests
codes (including readings from sensors of temperature, pressure,
altitude, chemical composition of the air in the system, and even
daily medical examination of employees), the frequency of such
readings is determined by expert judgment and passed to the de-
veloper for the creation of an algorithm in the form of a protocol of
the expert panel and the terms of reference for development.

It is worth mentioning that in the domestic economic science
an important place is given to the analysis of risks in the sphere of
development and real estate, and since no industrial project is cre-
ated in isolation from the facility, it is necessary to take into account
such risks analysed in the works of scientists as market risk, risk of
planning approval, risk of inexperience of the developer, financial
risk and risk of construction costs, as well as time risk [6].

CONCLUSIONS

In conclusion, the author would like to highlight the main nov-
elty ideas of the Membrane Method of risk analysis developed by
Denis Sezemin:

1. Distribution of risks by membrane layers. Each membrane
layer is a stage (and its internal sub-stages) of the life cycle
of the system; each risk presented in the membrane system
is taken into account and considered a “sprout” that starts its
way in the layer where it appears (or manifests itself) and can
grow through all membrane layers, affecting the target indi-
cators of the project.

2. The Membrane Method represents a unified system of risk
analysis regardless of risk category and degree, based on
three — quantitative, qualitative and parametric — methods.

3. By analogy with the medical method of contrast ultra-
sound (CT), the system allows using the colour contrast func-
tion to visually track certain types of risk, a more intense col-
our will indicate an area of increased risk.

4. It will allow visual and numerical data necessary for making
management strategic and operational decisions to be dis-
played on the monitors of project managers at corporate
headquarters.

5. Development of Membrane SDE software product on the ba-
sis of Sezyomin’'s Membrane Method of risk analysis will pro-
vide software independent from Microsoft and Apple sys-
tems, with the parallel task of creating software-specific
libraries.

6. The created libraries (of errors and risks) should be pub-
lished on a paid basis, including accessibility to foreign us-
ers under the condition of their multistage accreditation in
accordance with legally defined procedures.

7. Automatic generation of periodic reports (monthly, quarterly,
annually, at the end of a stage, as well as for the entire pro-
ject).

8. The ability to generate any report in one click, taking into ac-
count the principle of priorities of managers and technical
specialists in accordance with the specified scope of author-
ity in the field of risk management of the company.

9. The system is configured in such a way that the notification
about necessity of preparation by risk owners of the updated
information on groups of risks for the monthly (quarterly) re-
port is displayed automatically on a personal device of
the risk owner and also the head of the company. Such a set
of actions minimizes the risk of human factor influence on
the execution of simple instructions for preparation of report-
ing in time (there will be no delay in execution). This is espe-
cially important for situations of new risk occurrence at any
stage of the NPP project life cycle.

10. The software based on the Membrane Method of risk assess-
ment by Sezemin makes it possible to apply a new concept
of internal digital signature in the company, which will allow to
transfer materials for studying and collect data confirming
that the employee of the subdivision has read the document,
in electronic form?.

11. In the corners of the stacked layers of the membrane system
are four target parameters of the project: economic parame-
ters (costs, project budget, rate of return, net profit), time-re-
lated parameter — realization of the project within the terms

5 The costs of preparation, printing, collection of signature sheets and archiving in the physical sense of document flow should be estimated in monetary terms and compared with
the costs of implementing electronic document flow using internal digital signature in the Corporation.
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set by the feasibility study, qualitative parameters, and safety
parameters of the project.

Therefore, the purpose of the research presented in the paper
was achieved. The problem of risk identification and assessment at
various stages of the NPP project life cycle was solved by applying
the Membrane Method developed by the author.
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Mem6paHHbIN MeToA B OLlEHKEe
OopraHM3aLMOHHOW N TEXHNYECKOW
HafleXXHOCTU NpoeKTa ctpoutenoctesa ASC

Matepuvanbl npefcTaBneHHON Hay4YHO-UCCIIe[oBaTeNbCKON CTa-
TbW OCHOBaHbI Ha aHanNM3e MeTOAMYECKUX pekoMeHaaLUumi no no-
BbILUEHWIO OPraHN3aunOHHO-TEXHNYECKON HaAeXHOCTU Mpo-
EKTUpYyeMbIX peLueHvu7| B YCNOBUAX PUCKa CUCTEeMbl Ha 3aTane
NOArOTOBKM M OCHOBHOW hasde CTpOUTENbCTBA KPYMHbIX Npo-
MbILLUNEHHbBIX KOMMJIEKCOB, TAKMX KaK aTOMHaa 3N1eKTpoCTaHUuS.
CuCTeMHbI aHanus, NpoBedeHHbIi aBTOPOM NpPeAcTaBeHHOW
Hay4YHO-MUCCnefoBaTeNbCKON CTaTby, NMOJIOXEH B OCHOBY METO-
OVYeCcKNX pekoMeHAauni no BbI6GOPY paumoHanbHOro BapuaHTa
nnaHa opraHvsauuy paboT npy CO3AaHUN TEXHUHECKM CIIOXHOMO
NPOMBbILLIIEHHOro obbeKTa. BbIBO,I]bI, K KOTOPbLIM NMpUXoauT aBTop
Hay4YHO-UCCnefoBaTeNbCKON CTaTbW, CAenaHbl Ha OCHOBE pas-
pPaboTKM COBCTBEHHOM MMUTALMOHHOM MOLENM aHanm3a PUCKOB
C 1cnonb30BaHMEM COBPEMEHHOIO MOAXOAA K MPUMEHEHUIO aBTo-
MaTU3NPOBAHHBIX CUCTEM KaneHAapHOro MnaHnpoBaHUs Npous-
BOACTBEHHbIX MpOLeccoB peanusaumn npoektos ASC, B TOM Yu-
Cre Ha MeXAyHapOAHOM MeXNpaBUTENbCTBEHHOM YPOBHE.

MaTtepuansl npeacTaBneHHOW Hay4HO-MCCNEenoBaTeNnbCKON cTa-
TbW COAEPXAT CYyTb TEOPETUHECKUX METOAMK U MPaKTUYECKMX pe-
KOMeHpaumnn no pa3paboTke 1 BbIGOPY paLMoHaNbHOro BapuaH-
Ta opraHv3auum paboT Ha 06bEKTE CTPOUTENBLCTBA — aTOMHOW
3MEKTPOCTaHLUMN — Ha BCEX 3Tanax XWU3HEHHOrO LMKa npoek-
Ta. Mpouecc BbiGopa Havbonee pauMoHanbHOro niaHa opraHu-
3auumn paboT aBTOp CTaThy NpepnaraeT 6a3vpoBaTb HA CPaBHU-
TeNbHOM aHanu3e pe3ynbTaToB paboTbl BCEX CUCTEM NPOEKTA,
Nosy4eHHbIX HA OCHOBE pa3paboTaHHOW 1 BHEQPEHHOW UMUTaLM-
OHHOW MOfenu nof Ha3BaHveMm «MembpaHHas Mogesnb» (3Aecb
n panee — MMg) nnu «membpaHHbI MeTon» (30echb U fanee —
MMT), napagurma KoTopbIx (MOZenn 1 MeTOAA) U3NOXEHA HMXe.

B cTatbe npefcTaBneHbl OCHOBHbIE TPEGOBAHMSA K TEXHUHECKOMY
3afaHunio Ana pa3paboTKn POCCUNCKOM TEXHUYECKOW HayKom Mpo-
rpamMMHOro o6ecneYveHus ons npoLeccMHroBon o6paboTku gaH-
HbIX aHann3a PUCKOB peanunsaLumn NpoekTa CTPOMTENbCTBA NPO-
ekta ASC Ha Kax[JoM 3Tane XU3HEHHOrO LiMKa NpoeKTa.

KnroyeBbie cnoBa: aTtoMHas 371€KTPOCTaHUMS, CTPOUTESbCT-
Bo ASC, ynpasneHne HagexHocTeto ASC, ynpaBrieHne cTpou-
TesbHbIMU pyuckamu ASC, SKOHOMUKA CTPOUTELCTBA, MPOMBbILLI-
JIEHHOE CTPOUTENILCTBO, MHOIOKPUTEPHASIbHAS OLEHKA PUCKOB,
SKOHOMMKA MPEeANnPUATUS, MaTeMaTM4ecKkoe MogesmpoBaHme,
KOMIbIOTEPHOE MOJENNPOBaHNe PUCKOB, aBToMaTndeckas cuc-
Tema yrnpassieHvs
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