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1 Introduction 

Optimization of technical and economic indicators of 

operation of new NPP units during long-term operation 

can be achieved on the basis of methodological 

approaches to Life Time Management (LTM) [1], 

systematized based on the results of NPP operation 

feedback in the IAEA member countries [2-3]. 

The use of Digital twins – DT   for the NPP LTM 

unit is considered as a development of the approaches 

presented in [4] in relation to long-term operation 

conditions. 

The NPP LTM is inseparably linked to ensuring safe 

and cost-effective long-term operation for a period of 

more than 45-60 years for almost all NPP units of the 

Russian Federation [5]: for new units   in accordance 

with the design documentation, for existing units – in 

accordance with the procedures of service life extension. 

2 LTM and ageing aspects 

Correlation between LTM and ageing management is 

shown schematically on Fig. 1 taking into consideration 

the key role of systems, structures and components 

(SSC) integrity [6]. 

Lifetime management, Fig. 1, means the integration 

of ageing management and economic planning for NPP 

in order: 

- to optimise the operation, the maintenance and the 

lifetime of the plant, 

- maintain an accepted level of safety and 

performance, 

- maximise return on investment over the lifetime of 

the plant. 

 

 

 
Fig.1. The relationship between the processes of the LTM, 

ageing management and proof of integrity for SSC 

 

Ageing means the time-dependent gradual change of 

features and properties related to their function with 

regard to: 

- the conceptual aspects (modification of 

requirements, modification of safety philosophy), 

- the engineering aspects (mechanical SSC, 

buildings, electrical equipment), 

- the systems and control devices relevant to NPP 

operation (including obsolescence of NPP I&C systems 

electronic components), 

- the technical specifications and the documents,  

- requirements and training of NPP personnel. 

This also takes into consideration the development of 

the state-of-the-art of science and technology. It is 

possible that conceptual design and engineering methods 

as well as administration rules may become obsolete 

compared to the state-of-the-art. 

Ageing management, Fig. 1, covers all engineering 

and organisational actions for the utility to guarantee 

safe operation during the lifetime including control of 

possible ageing degradation. 

Recommendations on modern approaches to 

accounting for the effects of aging on SSC damage 

during operation (aging degradation) are contained in the 

IAEA documents [7-9]. 
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The issues of ensuring the structural integrity of 

passive elements – equipment and piping - are 

considered in the report [10]. 

3 Possible DT types 

Depending on the range of tasks to be solved within the 

framework of the NPP LTM, it is possible to create and 

apply DTs at different levels. 

One of the integrated DT options for NPPs is an 

automated enterprise management system of ERP class, 

the implementation of which is a complex one, taking 

into account the involvement of economic issues that are 

extremely sensitive for the NPP and utility management. 

Within the framework of the task [11], the technical 

requirements for the development of an automated 

control system for one of the new NPP unit is presented. 

The implementation of Rosatom state Corporation's 

work on an industry-specific project for managing the 

NPP construction cost   TCM NC (Total Cost 

Management Nuclear Construction)   has prospects of 

creating a DT of the NPP unit as stated in [12]. 

The NPP operation Template has the Central place in 

the General scheme of the DT integration   Figure 2 [12]. 

As can be seen from Fig. 2, the Maintenance 

automated control system (MACS) is a part of the NPP 

operation Template. 

The possibilities of creating an NPP engineering 

radiation model are described in [13] and schematically 

presented in Fig. 3. 

 
Fig.2. The functional composition of “NPP operation 

Template” (two areas highlighted in blue present finished 

product) 

The use of similar technologies (as laser scanning, 

spherical photography, etc.) for forming the "as built" 

NPP model during construction was proposed in 2014 

[14], but had no practical implementation during the 

construction and commissioning of VVER-1200 units of 

Novovoronezh NPP-2 and Leningrad NPP-2. 

4 Areas for current DT application 

Rosatom state Corporation has announced about the start 

of the design work for two sites: Leningrad-2 (units 3 

and 4 with VVER-1200) and Smolensk-2 with VVER-

TOI [15]. So it seems valuable to include in design 

documentation generic DT development for NPP units at 

sites mentioned above.  

Development of engineering model “as built” at 

constructing stage could be based on technologies 

described in [13] with further upgrade to engineering 

radiation model during NPP unit operation. 

The technologies tested for decommissioning of the 

Kozloduy NPP power units [13] are considered relevant 

for use at unit 1 of the Leningrad NPP with the RBMK-

1000 reactor as part of decommissioning operations 

presented in [16]. 

According to the concept of decommissioning of 

units No. 1-4 of the Leningrad NPP [17] optimistic 

forecasts, the work (including site survey and drawing 

up a sanitary passport) can last almost until 2060. 

So DT development for the unit 1 of the Leningrad 

NPP decommissioning is an actual and urgent task for 

effective management of decommissioning process via 

nearest 40 years and recordkeeping. 

Proposed in [4] option for development of a DT for 

NPP unit based on MACS worth to be effective for 

application of DT-technology in parallel in both parties: 

Design company (Party #1) and the Rosenergoatom 

Utility filial   NPP unit (Party #2). Development of 

Digital passport (DP) as one of the DT basic parts could 

be started from early design stage with step-by-step 

adding information gathered via all pre-operation stages 

as shown on Fig. 4. 

 
Fig.3. Assembly diagram of an engineering radiation model 
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Fig.4. Processes of design, construction and operation of NPP unit related DT technology application 

 

Mutual information exchange between Parties 1 and 

2 provides both sides of the interaction with reliable and 

up-to-date information "as built" at all stages of the NPP 

life cycle (Fig. 5). 

General designer of NPP site is responsible for 

development of final safety analysis report for “as-built” 

NPP Unit condition before starting commercial 

operation. So this company worth to be nominated as 

Task Leader from Party #1. 

 
Fig.5. Preliminary scheme of information interaction in parallel 

application of DT technology by two parties (DP - digital 

passport; DS - digital shadow) 

DT Digital Shadow (DS) gains on-line input 

information from NPP unit Technologic Process 

automated control system (ACS-TP) and local 

monitoring/diagnostic systems as shown on Figure 4. 

DS role is to provide actual information for NPP 

operational personnel about deviations in SSC operation 

from design parameters and to supply DT prognostic 

module (implemented into DT shell) by on-line data. 

Finally DT prognostic module can be used for 

different kind of operation trend assessment and NPP 

staff medium-term predictions for example on remaining 

life assessment of critical SSC (Fig. 6). 

DT gives also possibility to predict obligatory 

(minimum required) scope of SSC maintenance during 

upcoming NPP outage within the NPP staff maintenance 

conception (as for example RCM (Reliability Centered 

Maintenance) according to [18-19]) taking into account 

level of specific SSC failure influence on NPP safety 

[20] and availability [21]. Optimization of periodicity of 

safety system testing based on procedure [22] could also 

be a benefit for NPP staff from DT application. 

The proposed approach based on DT application can 

be an effective means of authoring the designer support 

for NPP staff at all stages of the life cycle, for example, 

when developing periodic safety reports prescribed in 

national regulatory documents [23-24]. 

Early application of DT technology helps to collect 

to collect comprehensive data on SSC condition which is 

important for preparation of NPP unit decommissioning 

stage. Such approach helps to optimise time and labor 

costs for implementation of final comprehensive 

engineering and radiation survey (CE&RS) as shown on 

Fig. 4. 

 

 
Fig.6. Scheme of interaction between DS and the predictive 

module in DT-shell for actual SSC remaining life assessment) 

5 Conclusion 

Finally it could be stated that proposed DT technology is 

effective for NPP units at all stages of life cycle. 

Information exchange interfaces between the DT-

prototype (Party #1) and the real DT (Party #2) can 

provide the most adequate forecasts for the 

implementation of optimal maintenance strategies. 

DT is an effective tool for NPP comprehensive data 

collection, management and recordkeeping during long-

term operation. 
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DT application is of high importance at unit 1 of 

Leningrad NPP with RBMK-1000 at early stage of 

preparation to decommissioning in order exclude any 

loss of valuable information due to use of obsolete big 

data handling technology. 

 
The reported study was funded by RFBR according to the 

research project № 19-07-00455. 
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