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Abstract. In coming decade the practical implementation of work on the 

decommissioning of nuclear power plants will begin. Failure to take into 

account the decommissioning stage for NPPs of the first generations, the 

presence of a radiation component in the building structures of NPP 

buildings and structures, the need to destroy protective barriers are the 

main problems in the issue of dismantling works. The destruction of 

barriers and the specifics of dismantling technological processes can lead 

to the release of radioactivity into the environment, which will lead to an 

increase in the radiation load on personnel and the population. 

Radioactive contamination of structures leads to the formation of a 

large volume of radioactive waste, the amount of which can be 

significantly reduced due to the competent separation of waste into classes, 

taking into account the holding time. 

In this study the design of the reactor building for unit 1 of the 

Novovoronezh NPP was considered. Based on the analysis of the data of 

the comprehensive engineering and radiation surveys (CERS), which was 

completed in 2004, a classification of buildings into three groups was 

proposed.  

Based on the results of CERS, the dependences of the total activity of 

the main radionuclides and the cost of maintaining the block under 

observation from time are presented. 

As a result of the performed studies, an algorithm for constructing an 

organizational and technological model for dismantling buildings and 

structures of NPP that are being decommissioned is proposed. 
 

1 Introduction 
Currently the number of NPP power units stopped and finalizing their design service life is 

growing and the search for possible options for increasing the economic, efficient and safe 

component of the NPP decommissioning process is an urgent problem around the world [1-

6]. 

In Russia, at the moment, 7 power units have been stopped and are being prepared for 

decommissioning. In the period up to 2030 their number will increase to 19 [7]. 

For the decommissioning of NPP the option of immediate liquidation is increasingly 

used. Based on the results of the feasibility study for Units 1 and 2 of the Novovoronezh 

NPP in 2017, a decision was made to switch from the "deferred dismantling" option with 

completion of work in 2074 to the "immediate dismantlement" strategy with completion of 

work in 2035. Which will save up to 20% of financial costs [7].  
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The implementation of a set of decommissioning works at these units will make it 

possible to form organizational and technological solutions that will form the basis for the 

creation of a domestic base for the decommissioning of NPP [8].

The main problems today when performing dismantling works are:

- lack of design solutions for decommissioning for first-generation NPPs;

- partial or complete destruction of protective barriers during dismantling, which 

prevent the release of radioactivity into the environment;

- the presence of radionuclides in building structures accumulated during the operation 

period, which, as a result of dismantling, lead to the formation of a large amount of 

radioactive waste and pose a potential danger to personnel, the public and the environment 

[9-14].

2 Main part
To solve the indicated problems, taking into account the safe implementation of 

dismantling works and minimizing damage for all participants in the decommissioning 

process, it is necessary to build an algorithm for the organizational and technological 

sequence of dismantling works.

After completing all the necessary steps, an organizational and technological model of 

dismantling the structures of buildings and structures of decommissioned nuclear power 

plants will be obtained. This model will take into account the reduction of radiation waste, 

reuse of the bulk of the dismantled material, a decrease in the financial component and, 

most importantly, minimizing the excess of dose loads on personnel, population and the 

environment [1, 9].

In this study the basic principles of building a model were highlighted using the 

example of the reactor compartment of unit 1 of the decommissioned Novoronezh NPP 

with a reactor PWR-210.

The reactor building 1 of the NVNPP unit is a single-span frame building made of 

prefabricated elements, which are supported by a rigid box-shaped structure of monolithic 

reinforced concrete walls and ceilings. The dimensions of the building are 39 m by 72 m in 

plan, 38 m high [8].

To assess the radiation state of buildings and structures of Unit 1 of NVNPP in 2004 a 

comprehensive engineering and radiation survey (CERS) was carried out. Based on the 

results of this study, all premises of the NPP can be divided into three groups according to 

the dose rate of gamma radiation. The first group includes premises where the dose rate is 

above 100 μR/sec, the second - more than 10 μR/sec, and the third group includes premises 

with a dose rate of less than 10 μR/sec.

In table 1, as an example, data are presented for some rooms of the reactor building after 

the CERS 1 of the NVNPP unit [8, 16].

Table 1. An example of a cartogram of the dose rate of g-radiation in the premises of the 

reactor building of the NVNPP unit 1.

№ Room

number
The name of a room

Rom

category

Dose rate

g-radiation 

medium,

μR/sec

g-radiation 

max,

μR/sec

1 2 3 4 5 6

1 А222/1 Box MCP-1 1 6,0 250,0

2 А222/2 Box MCP -2 1 5,0 100,0

3 А222/3 Box MCP -3 1 3,5 100,0

4 А222/4 Box MCP -4 1 10,0 120,0
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5 А222/5 Box MCP -5 1 9,0 150,0

6 А222/6 Box MCP -6 1 11,0 250,0

7 А223 Transport (rail) corridor 3 0,3 0,6

8 А026
Room for the tank No.1 

of the "dirty" condensate 

from the pools

1 10,0 220,0

9 А225/4 Reactor loop connection 

chambers
1 15,0 100,0

10 А225/5 Reactor loop connection 

chambers
1 15,0 100,0

11 А225/6 Reactor loop connection 

chambers
1 12,0 120,0

12 А301
Room of storage tanks 

for gas from the volume 

compensator

2 1,5 10,0

13 А303 Room for the volume 

compensator
2 2,0 30,0

Analyzing the information in Table 1 and taking into account the accepted 

classification, the selected premises were divided into three groups (Table 2).

Table 2. Classification of the considered premises of the reactor building 1 of the NVNPP unit.

Room classification group Dose rate of g-radiation Premises of block No. 1

I group above 100 μR/sec А222/1-6, А026, А225/4-6

II group above 10 μR/sec А301, А303

Ш group less than 10 μR/sec А223

Spectrometric measurements showed that the main radionuclides that determine the 

radioactive contamination of building materials and structures and form radiation fields are 
137Cs, 60Co, 134Cs, 54Mn, and 90Sr+90Y (determining surface contamination with β-particles. 

The activity of surface contamination of building and protective concrete is mainly 

determined by the radionuclide 137Cs. Moreover, more than 80% of surface activity is 

concentrated in the first layers 5-10 mm thick of building and protective structures [8, 15, 

16].

The averaged data for 2004 make it possible to determine the ratio and contribution to 

the total specific activity for each nuclide 137Cs :60Co: 134Cs: 54Mn as 80%: 17%: 1%: 1%, 

respectively. Table 3 shows the calculated results of the dynamics of changes in specific 

activity for each radionuclide, taking into account radioactive decay. 2004 was taken as a 

starting point and the forecast was made for 2021 (17 years) and 2034 (30 years).

Table 3. Dynamics of changes in specific activity taking into account radioactive decay.

Activity ratio
137Cs:60Co:134Cs:54Mn

2004 137Cs -80%:60Co -18%: 60Cs -1%: 54Mn -1%

2021 -17 years
137Cs -54,45%:60Co -1,98%: (134Cs -: 54Mn – can be 

neglected)

2034-30 years
137Cs -40%:60Co -0,36%: (60Cs -: 54Mn – can be 

neglected)
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The data obtained allow us to conclude that already 17 years after the CERS in 2004 the 

contribution to the total activity 137Cs is slightly more than 50%, contribution 60Co near 2%, 

the contribution of 134Cs and 54Mn can be neglected. Similar data in terms of 2034 show 

that the contribution 137Cs is 40 %, and 60Co is less than 1%.

In 2018 at a meeting of the Scientific and Technical Council of Rosenergoatom JSC the 

amount of costs for decommissioning units 1, 2 of NVNPP under the option of “immediate 
liquidation” with completion of work in 2035 was presented. Costs amount to RUB 30.2 
billion assuming uniform spending over the period from 2004 to 2035. - or about 1 billion 

per year.

Figure 1 shows the graphs of changes in the radiation situation for this time interval 

(curve 1) and the increase in costs over time until the completion of the work (line 2). The 

results obtained make it possible to determine the optimal (in terms of costs and radiation 

factor) start date for practical decommissioning work. In this case, this period is 2021.

Fig. 1. Graphs of changes in the specific activity of rooms contaminated with radionuclides in the 

reactor building 1 of the NVNPP unit and changes in the amount of costs for decommissioning.

As a result of dismantling works of the reactor compartment of unit 1 of NVNPP, about 

15,000 m3 of concrete waste is generated. Using the data of surface radiation contamination 

and the volume of building structures, it is possible to approximately determine the amount 

of radioactive waste of various classes for the reactor building 1 of the NVNPP unit, 

generated as a result of dismantling work.

An important aspect in conducting CERS is to determine the minimum and sufficient 

list of research performance. For example, when performing, in addition to surface 

measurements, also deep measurements, data analysis will show that the thickness of the 

contaminated layer of concrete building and protective structures, in which the material 

should be considered radioactive waste, does not exceed 15-25 mm [9].

This information will entail the need to change the technological sequence of 

dismantling works, taking into account the work on separation and decontamination of 

waste, which will reduce the amount of radioactive waste, and return part of the material 

from dismantled structures to reuse. With proper separation high and intermediate level 

waste makes up only 20% of the total mass of dismantled structures. These measures will 
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significantly affect the total cost of work, taking into account the high cost of disposal of 

1m3 of radioactive waste (Table 4) [17-20].

Table 4. Tariffs for the disposal of radioactive waste in RUB/m3.

Radioactive 

class

waste

2018 2019 2020 2021 2022

1 1368421,94 1423535,61 1473359,35 1521980,21 1569161,6

2 635964,56 661578,26 684733,5 707329,7 729256,92

3 146569,87 152473,02 157809,58 163017,3 168070,83

In order to prevent the spread of ionizing radiation and radioactive substances into the 

atmosphere dismantling is carried out from top to bottom according to the principle from 

the least radiation hazardous objects to the most dangerous. It is advisable to dismantle the 

roof and external walls of buildings last. This solution makes it possible to carry out the 

dismantling of internal structures without fear of harmful emissions into the environment.

Thus, the algorithm for constructing an organizational and technological model for 

dismantling structures of buildings and structures during decommissioning of nuclear 

power plants is as follows:

1. Information about the decommissioning facility is collected and analyzed.

2. A comprehensive engineering and radiation survey of the NPP premises is carried out 

in order to divide the premises into sanitary zones according to the degree of contamination.

3. The volumes of the dismantled structures must be calculated.

4. The dismantled materials are sorted into radioactive waste and waste, which can be 

returned to production in order to reduce solid radioactive waste.

5. The optimal start time for decommissioning works is determined based on the graph 

of the dependences of the remaining radionuclide and the cost of keeping under observation 

from time.

6. Dismantling is carried out with the choice of the priority of the premises: from the 

least polluted premises to the more polluted.

As a result by combining the indicated steps into a technological sequence, we will 

obtain an organizational and technological model for dismantling the structures of buildings 

and structures decommissioned from nuclear power plants, taking into account the 

reduction of radiation waste, reuse of the bulk of the dismantled material, a decrease in the 

financial component and, most importantly, minimizing the excess of dose loads on 

personnel. , population and environment (Fig. 2).
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Fig. 2. Organizational and technological model of dismantling the structures of buildings and 

structures of nuclear power plants.
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