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Abstract. The construction of Power Unit No. 4 with the BN-800 reactor plant at the Beloyarsk NPP is the 
crucial stage in the industrial-scale development of the sodium-cooled fast neutron reactors (SFR). 
Milestones included: 
- the beginning of works and development of technical solutions; 
- experimental validation; 
- equipment fabrication; 
- sodium technology instrumentation; 
- installation of the BN-800 reactor plant equipment; 
- reactor plant equipment adjustment. 
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1. Introduction 

The construction of Power Unit No. 4 with the BN-800 reactor plant at the Beloyarsk NPP is 
the crucial stage in the industrial-scale development of the sodium-cooled fast neutron 
reactors (SFR). 
The activities on the development of the BN-800 reactor plant commenced right after the 
power unit with the BN-600 reactor plant had been commissioned at Beloyarsk NPP in 1980. 
In connection with the Chernobyl accident, the construction activities on the BN-800 reactor 
plant were halted in 1986. 
In the 1990s, engineering solutions were adopted with account of the new regulatory 
requirements for NPP safety; additional safety systems were introduced: 

- An emergency heat removal system was introduced with an air-cooled heat exchanger 
connected to the secondary circuit. 
- A reactor core was developed with a sodium void effect close to zero. 
- Passive hydraulically suspended scram rods were provided for. 
- Under the pressure chamber, a core catcher was built in to hold the corium in the case 
of a severe accident. 
- A passive reactor overpressure protection system was introduced. 
- A passive system was introduced to terminate the “bellows” effect in the case of the 
external pipelines break. 

During the period from 1993 to 2005 and later on until the equipment deliveries started, the 
activities were being in progress to check the engineering solutions of the design in test 
facilities. 
In 2006, as part of the RF Federal Target Program “The Development of the Nuclear Power 
and Industry Complex of Russia for the Period of 2007–2010 and up to 2015”, the 
construction started of Power Unit 4 with the BN-800 reactor plant at Beloyarsk NPP. 
In order to organize the activities on the design, construction, deliveries and installation, the 
main participants of the work were identified (see Figure 1): 
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Figure 1. Work organization diagram 

2. Experimental Validation 

To substantiate the reactor plant safety, more than 150 unique R&D activities were 
accomplished mainly in full-size test facilities. 
For each type of equipment, depending on its function, testing of the following types was 
conducted: 
- mechanical; 
- strain-gauge; 
- thermal; 
- hydraulic; 
- vibration; 
- electromechanical; 
- corrosion. 
Also, individual assemblies and elements of equipment were tested on mockups. 
The processes were being developed to fabricate individual assemblies of equipment, 
assemble and install articles, ensure interactions of a set of devices and mechanisms. 
In modeling test facilities, fluid dynamics studies were completed on individual equipment 
and reactor model. 
There was a considerable scope of studies on the reactor core elements. 

3. Equipment Fabrication 

JSC “Afrikantov OKBM”, Nizhny Novgorod is the Chief Designer and the Complete 
Supplier of the BN-800 reactor plant equipment. Additionally, the Company takes part in the 
development of the detailed design of the reactor core, development and delivery of the 
subsystems for the Automated Process Control System (APCS), individual plant-shared 
equipment and systems. 
The basic principles to organize a complete delivery are the following: 
♦ Project management 
♦ Placement of orders to the manufacturing plants 
♦ Technical supervision of equipment fabrication 
♦ Delivery of equipment 
♦ Installation supervision activities 
♦ Equipment adjustment supervision activities 
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Contracts between Rosenergoatom Concern and JSC “Afrikantov OKBM” provided for 
fabrication and delivery of more than 200 items of equipment, instrumentation and systems 
(see Figure 2): 

- reactor vessel; 
- heat exchange equipment (IHX, SG, air HX); 
- CRDMs; 
- fuel handling equipment; 
- purification system equipment; 
- primary and secondary sodium pumps with their control systems; 
- electromagnetic pumps with their control systems; 
- secondary pipelines and ECDS; 
- 10–150 m3 sodium tanks; 
- sodium valves; 
- metal structures of the reactor building; 
- non-standard equipment of the reactor plant (penetrations, protective plugs, etc.); 
- dummy fuel subassemblies (FSA); 
- sodium technology instrumentation; 
- ionization chambers with suspensions; 
- fuel handling instrumentation and control systems. 
 

More than 25 large Russian manufacturing plants were 
involved into fabrication of the equipment and 
instruments. The total number of manufacturing plants 
involved is around 60. 
In the course of the preproduction activities and during 
the equipment fabrication, unique product manufacturing 
processes were restored or newly developed (see Figure 
3): 
- hot stamping of reactor vessel mouths; 
- fabrication of tubes and formed large diameter (∅600–
900 mm) parts; 
- fabrication of bent finned tubes for the Emergency 
Cooldown System (ECDS); 
- spatial bending (in three planes) of tubes for heat 
exchange equipment; 
-  fabrication of 5 MW and 2.5 MW electric motors with 
the control system for the primary and secondary pumps; 
- fabrication of electromagnetic sodium pumps having the 
capacity of up to 430 m3/h with natural air cooling; 
- coating application by chromizing followed by 
nitridation; 
- fabrication of the CPS central rotating column and 
rotating plugs; 
- fabrication of sensors for sodium systems (level meters, 

flow meters, alarms); 
- fabrication of the core catcher; 
- fabrication of process and special equipment for studying spent FSAs in the hot cell. 

Figure 2. The BN-800 reactor 
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Reactor vessel cover     Pipelines 

         
Finning the air HX tubes           Primary and secondary heat exchangers 

       
FSA header               EM pump 

 
Central rotating column 
Figure 3. Equipment fabrication 
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The equipment fabrication and delivery schedule is shown in Figure 4. 

 
Figure 4. Fabrication and delivery schedule 
(CPS = Control and Protection System; EM = Electromagnetic; DD = Detailed Design; IHX = 
Intermediate Heat Exchanger; SG = Steam Generator; WDD = Working Design Documentation)  

4. Sodium Technology Instrumentation 

The measurement and monitoring instrumentation and the sodium technology equipment were 
developed in compliance with “The Program of Preparing and Delivering the Measurement 
and Monitoring Instrumentation for the Sodium Systems of the Power Unit with the BN-800 
Reactor Plant”. 
JSC “Afrikantov OKBM” supplied the instrumentation. 
The following was developed, tested and delivered: 
• high-temperature multiple-zone (up to 8 zones) thermal transducers with chromel-alumel 
thermocouples. The measured temperature range is from 0 to +650 °C; up to +1,000 °C in the 
short run. 
• induction level meters to monitor the sodium level in the reactor vessel, primary and 
secondary pumps, vessels, tanks, etc. The operating sodium temperature is up to 580 °C; the 
measurement range is from 0 to 5,300 mm. Individual level meters are flexible. 
• flow meters to measure the sodium flow rate through the primary pumps, FSAs, steam 
generator (SG) sections, in auxiliary systems and ECDS. The temperature of the measured 
sodium is up to 550 °C; the measured flow rates are up to 2,040 m3/h (in SG sections); 
• sodium presence alarms designed to continuously automatically and remotely monitor the 
integrity of the equipment and pipeline; 
• sodium pressure sensors in the pipelines, vessels and SG. The sensors monitor the pressure 
up to 1.6 MPa at the sodium temperatures of up to 560 °C. 
• various meters to monitor and detect hydrogen in sodium in the SG protection system. 
The total of around 1,500 various sensors were delivered to the Power Unit. 

5. Installation of the BN-800 Reactor Plant Equipment 

In compliance with the adopted equipment instillation process, the installation work was 
implemented by two methods. 

5.1. Installation Work Conjoined with the Erection of the Building 

The conjoined installation work is done simultaneously with the erection of the building (see 
Figure 5). 
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Figure 5. Conjoined installation of tanks 
 
The following equipment was installed by this method: 
- 10–150 m3 tanks; 
- purification system equipment; 
- steam generator modules; 
- air-cooled heat exchangers for the emergency cooldown system (ECDS); 
- other equipment. 

5.2. Modular Installation Work on Large-Size Equipment 

The modular installation work was basically done on the reactor vessel. 
In a specially erected Reactor Vessel Assembly Building (RVAB), more than 230 supplied 
units were pre-assembled into the 6 mounting modules (see Figure 6). 
Simultaneously with the activities in the RVAB, the reactor pit was being constructed. 
 

    
The vessel bottom being assembled    The vessel support belt being assembled 
in the RVAB       in the RVAB 
Figure 6. Preassembly of the reactor vessel 
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The pit being installed     The support belt being transported to the pit 

 

 
The vessel modules being installed in the pit 
Figure 7. The reactor vessel being installed into the reactor pit 
 
The modules were transported from the RVAB to the construction site by the 250-tf cargo 
carrier. 
The modules were installed in the reactor pit by the 600-t DEMAG crane (see Figure 7). 
The conjoined installation work made it possible to reduce the construction term of the Power 
Unit by about 1.5 years (see Figure 8). 
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Figure 8. Vessel construction schedule  
(CH = Central Hall, RVAB = Reactor Vessel Assembly Building) 

6. Reactor Plant Equipment Adjustment 

At the “idling” stage — before the in-house electricity is generated — the preoperational 
adjustment activities on the BN-800 reactor plant under construction at Beloyarsk NPP-4 
were performed according to an individual work schedule with the reactor plant equipment 
attributed to a startup complex. The startup complex ensured that the equipment and systems 
of the nuclear power station were ready for the gas heatup of the reactor, sodium filling of the 
reactor and FSA loading into the core with building up the minimum critical mass. 
In the course of preparing the Power Unit with the sodium-cooled fast reactor for the first 
criticality, the adjustment of the startup complex included the following basic stages (see 
Figure 9). 
Stage 0. Pre-installation adjustment of equipment after de-preservation at the operation site in 
the RVAB or central hall in specialized rigs 
Stage 1. Adjustment of the sodium intake complex, sodium purification and accumulation to 
fill the reactor 
Stage 2. Adjustment of the equipment and its control system at the fresh fuel storage to ensure 
the acceptance and storage of FSAs 
Stage 3. “Cold” adjustment — without sodium in the reactor — of CRDMs, in-vessel fuel 
handling mechanisms (rotating plugs, transfer mechanism, elevators), ionization chamber 
lifting mechanisms. At this stage, remote integrated adjustment was performed on the in-
vessel fuel handling system. 
Stage 4. Gas heatup of the reactor and sodium filling of the reactor. “Hot” adjustment of 
CRDMs, fuel transfer machine, elevators 
Stage 5. Integrated adjustment of the reactor guidance and fuel transfer system. Transporting 
the in-plant transportation package container holding FSAs from the fresh fuel storage, 
loading the FSAs to the fresh fuel drum, loading the FSAs into the reactor 
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Figure 9. Preoperational adjustment activities on the startup complex 
(FFS CS = Fresh Fuel Storage Control System; FHE = Fuel Handling Equipment; FSA = Fuel Sub-
Assembly; I&C = Instrumentation and Control) 

7. The completed equipment deliveries, installation and adjustment made it possible to 
accomplish the following in 2013–2016: 

- preoperational adjustment activities; 
- first criticality; 
- pilot industrial operation. 

Below are the main Power Unit commissioning stages: 
- 2013–2015, the installed equipment and systems of the BN-800 reactor plant 
were adjusted; 
- July 30, 2015, the first criticality activities were completed; 
- November 10, 2015 – February 09, 2016, activities were being performed at 
the first electricity generation stage; 
- August 17, 2016, the 15-day integrated testing of the Power Unit at 100% 
nominal power commenced. 

 
 

REFERENCES 
 
[1] Zverev, D.L., Vasiliev, B.A., Sedakov, V.Yu., Kuzavkov, N.G. Development of Sodium 

Reactor Technologies. Development of the BN-800 Reactor Plant. Seminar at the 
Beloyarsk NPP, July 2010  

[2] Zverev, D.L., Sedakov, V.Yu., Malyshev, E.A. Basic Principles of Complete Supplies 
of Equipment on the Example of the BN-800 Reactor Plant. Atomny Proekt magazine, 
No. 11, pp. 48–51, 2012 

[3] Sedakov, V.Yu., Tyagunin, V.A., Shkarin, V.I., Kokurin, V.V. Optimizing the 
Equipment Installation Work Processes Conjoined with the Construction of Beloyarsk-
4, report, March 2012 



  IAEA-CN245-425 
 
10

[4] Sedakov, V.Yu., Lyubimov, M.A., Shkarin, V.I. Special Features of Preoperational 
Adjustment Activities on the BN-800 Reactor Plant, 3rd International Scientific and 
Technical Conference “NPP Commissioning”, Moscow, April 2014  

[5] Deriy V.P., Shkurko V.I., Sedakov V.Yu. et al. Basic Preoperational Adjustment 
Activities Accomplished on the BN-800 Reactor Plant at Beloyarsk NPP-4, 4th MNTK, 
“NPP Commissioning”, April 2016, Moscow  


