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Main technical characteristics of the & RO & sEioArcKas
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power unit
1 Power, MW
thermal 2100
electric 880
2 Fuel uranium, MOX

3 Coolant temperature, °C

at inlet of the core 354
at inlet of the intermediate heat exchangers on primary sodium 547
side
at outlet of the intermediate heat exchangers on secondary sodium 505
side
4 Superheated steam temperature, °C 490
5 Superheated steam pressure, MPa 13.7
6 Reactor vessel inner diameter, m 12.9
7 Vessel height, m 15
8 Specific metal content of the reactor, t/MWe) 9.7




Power unit performance indicators & AR & ENOAPCKAR
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Annual net electric generation, mn kKW-h 5522
2 | Net heat cogeneration, thou.Gcal 595
3 | Quantity of hours of installed power 7000
utilization, h/yr (capacity  factor:
85%0)
Net efficiency of the power unit, % 39.40
5 | Lifetime, yr 40
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BN800. Unit model EEnoRpCKAR
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Sodium-to-air heat exchanger
emergency shutdown cooling system
stacks
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BN800. Design solutions & N &33

pool configuration, three-circuit layout
with pressure directionality from water-
steam to primary circuit

compact core, negative reactivity
coefficients, small initial reactivity
margin

low pressure in the reactor vessel (close to
atmospheric one)
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high sodium heat capacity, absence of the
' phase transitions

large margin to sodium boiling (above
' 300 °C)

well-developed natural circulation
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BN80O. Solutions on the safety & G & sEioArcKas
Improvement
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v' The air emergency reactor heat removal system based on passive
operating principles (natural flow) is provided for. Two independent
reactor heat removal systems (steam generator and sodium-to-air heat
exchanger emergency shutdown cooling system) based on diverse
operating principles are arranged, each having got three trains.

v' The reactor emergency protection system is complemented by the
passive components (three independent reactor shutdown systems based
on diverse operating principles).

v' Corium trap for the beyond-the-design-basis accidents involving fuel
melting

The adopted engineering and design solutions make public evacuation
In case of the beyond-the-design-basis accidents unnecessary.



BN800. Utilization of the passive & & Fomrccan
shutdown systems

HELD BY THE SODIUM FLOW
DRIVE: ELECTROMECHANICAL, TRIGGERED BY THE LOSS OF THE In the BN80O
TRIGGERED BY SCRAM SIGNAL FORCED FLOW reactor core in

addition to the
e SIGNAL CO!’ltr0| rods,
e shim rods and
MAGNETIC STEM
scram rods three

COUPLING /
GRIPPER / passive scram

/ I rods are
ABSORBER l provided for.
(BORON CARBIDE)

w SCRAM ROD
o

O

(@)

Priavmecay g Pty
NORMAL EMERGENCY FORCED LOSS OF
OPERATION OPERATION FLOW FORCED FLOW



Tasks solved using BN80O [&; R [&; Sumaracs

Pilot- and demonstration-scale implementation of the closed fuel cycle

Thermal-neutron
reactor NPPs

Beloyarsk NPP

Reprocessing and

Fuel subassembly T

manufacturer

Spent fuel/waste

final disposal
Depleted uranium

Including research in support of the feasibility of high level waste
activity lowering in the long-term
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Beloyarsk NPP unit No. 4 S BENORPCKAR
commissioning sequence

Stage A
Precommissioning adjustment activities

A-1 A-2 ps i
F ; . Secondary circuit Reactor power buildup
Na reception into Reactor heating filling Wiill'I Na from 0.1% to 50% of Obtaining Integral trial
secondary circuit by gas. Filling it . : full power 100% of operation for
with Na Equipment Operation at 50% of full power 15 days
vessels inspection full power for 72 hours

Stage A4 “Precommissioning activities in the fi

Stage A5 “Precommissioning activities in the turl

Reactor heating and filling
with Na
20.12.13-28.12.13

Beloyarsk NPP power unit No. 4 commissioning

tt L — I —1 — 5

. } ) “The first “The first “The first “The first “Prototype
Auxiliary power Na reception Reactor assembled with b e ) ) ’
h criticality’ criticality’ connection to connection to operation
supplied started dummy core - . B
01.11.2012 15.01.2013 30.08.2013 stage stage ended grid” stage grid” stage ended stage” started
02.02.2014 30.07.2015 10.11.2015 09.02.2016 20.02.2016




Key events in 2015 and 2016 [&; RoR© [&; Eapeeeicsn

No. Key event Date
1 | Completion of the “First criticality stage” 30.07.2015
2 | Beginning of the “First connection to grid” stage 10.11.2015
3 10.12.2015
4 | Beginning of the “Prototype operation” stage 20.02.2016




Power unit No. 4 commissioning status & mon [&; SEROAPCKAR
as of March 31, 2016

Indicator Characteristic
1 | Commissioning stage Prototype operation
2 | Construction/installation readiness, % 95

3 | Obtained reactor power, % of full power 85

4 | Current reactor power, % of full power 85
5 | Current electric output, MW 735
6 | Electric generation, million kW-h 476.821




Design features

g?{gpro POC3HEPIOATOM
ATOM BE/IOAPCKASA
NEKTPOIHEPTETUECKUR A3C

Detailed design of the power
unit
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Due to the long duration of the construction project
over the period of 1994 to 2011 the reorientation of the
requirements for the NPP under construction towards the
improvement of their safety and operational reliability
happened; the range of the manufactured equipment
considerably changed; the regulatory framework was
updated. Therefore in 2011 the “Rosatom” State
Corporation made decision No. BELAES-2-81R(4,6)2011
about the design correction.

In 2012 to 2014 “Atomproekt” JSC, the General
Architect, corrected the BN80O detailed design.

The corrected BN800 detailed design underwent
verification in the “Glavgosexpertiza” Federal autonomous
institution and obtained State Expert Appraisal Board’s
positive opinion No. 97-15/GGE-8909/02 of June
26, 2015.




Design features
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Three-circuit heat removal
system

As compared with the PWR design the sodium-cooled fast-neutron
reactor facility incorporates an intermediate sodium circuit, which leads
to larger metal consumption and broader range of installation and
adjustment activities.

1. Circulation loop components
2. Primary sodium pump
3. Intermediate heat exchanger

4. Fuel subassemblies The eXiStence Of the
5. Steam generator . i .

6. Expansion tank and water-sodium intermediate sodium
reaction product dump tank . .

7. Secondary sodium pump CIrcu |t and emergency

8. Pump of the emergency shutdown H
cooling system shutdown cooling
9. Sodium-to-air heat exchanger of the SyStem a' IOWS
emergency shutdown cooling system . .

10. K-800-130/3000 turbine critical ity to be
11. Alternator . .

12. Transformer Obtalned WIthOUt
13. Electric power export to the consumer - HT

14. Low pressure feed heaters aval Iabl I Ity Of the
15 Deaerator water-steam circuit
16. Feedwater electric pumps

17. High pressure feed heaters SyStemS.

18. Cooling water pump

19. Water reservoir

20. Condenser

21. The first lift condensate pumps
22. The second lift condensate pumps
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Sodium coolant 1. Inview of the time duration of the sodium accumulation for the

Sodium reception facility reactor filling the sodium reception begins long before the end of
installation activities on the main equipment of the unit, that is the
initiated operation of some equipment of the unit combines with
ongoing installation and construction activities on the rest of the
equipment of the unit.

The need arises to segregate the start-up facility, which
necessitates the immediate issue of the required working
documentation, taking the organizational and technical actions to
combine operational activities with installation and construction
activities, urgent logistic support, operating personnel training and
SO on.

The designer of the sodium reception facility provided for the
following:
« the possibility to control the equipment from the local panels,
« the standalone ventilation systems,
« the standalone emergency exhaust ventilation systems.
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Sodium coolant 2. The following additional process systems are needed if sodium is
Additional process systems used as a coolant to take into account its peculiarities:
v" the sodium purification systems, the cleaning-of-sodium systems, the
trace heating systems and the gas (argon) systems,
v’ the gaseous heating system. It is used to heat the reactor vessel
before filling it with sodium. The presence of the provisional pipelines
of large diameters leads to the extension of the availability time of
separate process systems because they cannot be installed,
v’ the trace heating system. The large scope of the heated equipment
and pipelines assumes an abrupt increase in the scope of installation of
cabling and wiring products.

The ventilation systems grow in number, which is accounted for by
ensuring the normal temperature conditions in the sodium areas and by
the requirements of the fire safety arrangements. Besides some ventilation
systems are a part of the sodium reception facility while the civil
engineering part for them (upper elevations of the main building) is not
ready yet. Thus the need arises to break up large ventilation systems,
which necessitates larger scopes and a longer time of installation and
construction activities.




Process features
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Core refuelling system

1. The difficulties of the core refuelling system commissioning are
accounted for by the refuelling technology, that is under sodium, which
makes the visual monitoring of the operation of the refuelling
mechanisms impossible.

In order to adjust the refuelling system the preliminary total system
adjustment on the bench followed by the adjustment in the reactor vessel
before filling it with sodium on the dummy core and the skilled
specialists are needed.

There are 1233 core fuel locations (two empty locations are used to
reload guide tubes). The core components (fuel subassemblies, control
rods, guide tubes) total 1261.

2. Inview of the need to harmonize the operation of the in-vessel and
ex-vessel handling equipment the combining of the ‘clean’ activities in
the reactor with installation and construction activities in the reactor hall
IS inevitable.
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Natural flow

The well-developed natural flow in the primary and secondary circuits was confirmed
by the tests conducted at the “First connection to grid” stage.

AT, - - Natural flow development in the
wo| | 4 \\4 |  primary and secondary circuits
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10:00:00 12:00:00 14:00:00 16:00:00

09:18 — reactor scram with the emergency shutdown cooling system

10:15 — trip of the primary sodium pumps

11:00 — trip of the electromagnetic pumps of the emergency shutdown cooli
17:00 — restart of electromagnetic pumps of the
emergency shutdown cooling sys
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2015. Turbine hall
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2015. Reactor hall. Reactor

2015. Diesel generator set



624250, Zarechny, Sverdlovsk region, Russia
phone: +7 (34377) 38045, fax: +7 (34377) 36342,
email: info@belnpp.ru
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