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In Operation
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Described in

Link to PRIS -

+ New Concept

Number of Units --

Year -

Reference Plant

Name of Site -
Link to PRIS -
Net Power Output (MWe) 325

Gross Power Output (MWe) -

1.1 Introduction

The VBER-300 is a multipurpose medium-sized power reactor with a rated electric power of 325 MW
intended for land-based nuclear power plants (NPPs), nuclear cogeneration plants, and transportable
floating nuclear power plants (FNPPs). The VBER-300 design is evolution of modular marine
propulsion reactors. An increase in thermal power causes an increase in mass and overall dimensions;
however, the reactor basic design is similar to that of marine propulsion reactors. The VBER-300
design was developed based on the lessons learned from the design, safety and operating experience
for WER reactors. VBER-300 adopts proven nuclear ship building technologies and operating
experience that in turn contribute to enhancement of operational safety and reduction in production
costs. VBER-300 can be configured as a multi-module plant on request of the customer. VBER-300
design features are availability for both land-based and transportable FNPPs, a variety of cogeneration
options, maximally compact design, improved plant efficiency, and protection against external impacts.
A reduction in construction time is achieved due to the compact design of the reactor system.

The VBER-300 nuclear plants are intended to supply thermal and electric power to remote areas
where centralized power is unavailable, and to substitute capacities of available cogeneration plants
on fossil fuels. The design is also proposed to be used as a power source for seawater desalination




complexes. The VBER-300 nuclear plant has two reactor units that operate in the steam-condensing
mode and can generate 600 MW(e) to satisfy power demands of a city with a population of 300 000.
According to the OKBM'’s data, when VBER-300 has cogeneration capabilities, the total electric output
will reduce to 200 MW(e) providing 460 Gcal/hr for process heat applications.

Figure 1. VBER-300 design concept

1.2 Development Milestones

Design activities to develop VBER reactors

2001 started
2022 Technical and commercial proposal for the two-
unit VBER NPP
Preliminary design 1 approved by the Scientific
2004 and Technical Board and State Nuclear
Supervision Body (GosAtomNadzor)
JSC “Kazakhstan-Russian company “Atomic
2006 stations” was established to promote the VBER-
300 design.
Technical Assignment for the NPP design and
final designs of the reactor plant, automated
2007-2009 procesg cor?tr.oll system, and hea’F-generatlng
plant; feasibility, economy, and investment
studies of the VBER-300 RP NPP for the
Mangistau Region, Kazakhstan
2007-2008 Development of the 100-600 MW VBER plant
2008-2011 R&D for the VBER-460/600 NPP design
Development of the VBER-600/4 NPP based on
2011-2012 the heat exchange loop of the increased
capacity
2012-2015 Technical and economic optimization of the

VBER-600/4 plant




1.3 Design organization or vendor company

1.4 Links to designer/vendor website

1.5 Design Description

VBER-300 design using ship-based modular configuration enhances the safety philosophy through proven
marine modular technologies. The reactor design has no pipelines in the primary circulation circuit. The
reactor unit incorporates the reactor and four steam generators — MCPs two-vessel units. The compact
reactor system comprises the steam generating system in a limited space of the reactor compartment, and
has enhanced reliability and long refuelling cycle. VBER-300 can also be configured as a transportable
FNPP and can be arranged to operate individually or as multi-module plant, increasing the power output by
means of scaling up the equipment and with the same reactor system configuration.

1.6 Licensing Application Support Documents

1.7 Reactor Unit in PRIS

2. Category Fields

Table 1: ARIS Category Fields

ARIS Category

Value

Units of Examples

Current/Intended Purpose

Commercial — Electric/Non-
Electric

e.g. Commercial —
Electric/Non-electric,
Prototype/FOAK,
Demonstration, Experimental

Main Intended Application
(once commercial)

Baseload, Non-electric (district
heating, sea water
desalination), Marine

e.g. Baseload, Dispatchable,
Off-grid/Remote,
Mobile/Propulsion, Non-
electric (specify)

Reference Location

Inland, Floating-Fixed

e.g. On Coast, Inland, Below-
Ground, Floating-Fixed,
Marine-Mobile, Submerged-
Fixed (Other-specify)

Reference Site Design
(reactor units per site)

e.g. Single Unit, Dual Unit,
Multiple Unit (# units)

Core Coolant

H20

H20, D20, He, CO2, Na, Pb,
PbBi, Molten Salts, (Other-
specify)

Reactor Core Size (1 core)

30 MWth <= Thermal power <
1000 MWth

e.g. Thermal Power < 30
MWth, 30 MWth < Thermal
power < 1000 MWth, 1000

MWth < Thermal power <

3000 MWth, Thermal power >
3000 MWth




e.g. PWR, BWR, HWR,

Reactor Type PWR SCWR, GCR, GFR, SFR,
LFR, MSR, ADS
Reactor Size SMR e.g. PWR, SMR
e.g. H20, D20, He, CO2, Na,
Neutron Moderator H20 Pb, PbBi, Molten Salts, (Other-
specify)
e.g. Loop-type (# loops),
NSSS Layout Integral Direct-cycle, Semi-integral,
Integral, Pool-type
Primary Circulation Forced e.g. Forced (# pumps), Natural
e.g. Rankine, Brayton,
Thermodynamic Cycle Rankine Combined-Cycle
(direct/indirect)
e.g. H20, He, CO2, Na, Pb,
Secondary Side Fluid H20 PbBi, Molten Salts, (Other-
specify)
e.g. Fuel Assembly/Bundle,
Fuel Form Fuel Assembly/Bundle Coated Sphere, Plate,

Prismatic, Contained Liquid,
Liquid Fuel/Coolant

e.g. Square, Hexagonal,

Fuel Lattice Shape Hexagonal Triangular, Cylindrical,
Spherical, Other, n/a
Rods/Pins per Fuel cq. # n/a
Assembly/Bundle 9-#,
e.g. Oxide, Nitride, Carbide,
Fuel Material Type Oxide Metal, Molten Salt, (Other-

specify)

Design Status

Under Regulatory Review

e.g. Conceptual, Detailed,
Final (with secure suppliers)

Licensing Status

e.g. DCR, GDR, PSAR, FSAR,
Design Licensed (in Country),
Under Construction (# units),

In Operation (# units)

Neutron Spectrum

Thermal

e.g. Fast, Thermal

3. Parameter Fields

Table 2: ARIS Parameter Fields

ARIS Parameter

Value

Units of Examples

Plant Infrastructure




Design Life

60

Years

Lifetime Capacity Factor

%, defined as Lifetime MWe-
yrs delivered / (MWe capacity
* Design Life), incl. outages

Major Planned Outages

# days every # months
(specify purpose, including
refuelling)

Operation / Maintenance
Human Resources

# Staff in Operation /
Maintenance Crew during
Normal Operation

Reference Site Design

n Units/Modules

Capacity to Electric Grid 325 MWe (net to grid)
e.g. MW(th) heat at x °C,
Non-electric Capacity m3/day desalinated water,
kg/day hydrogen, etc.
In-House Plant Consumption MWe
Plant Footprint m2 (rectangular building
envelope)
Site Footprint m2 (fenced area)
Emergency Planning Zone km (radius)
Releases during Normal TBq/yr (Noble Gases / Tritium
Operation Gas / Liquids)
Load Following Range and x— 100%, % per minute
Speed
I . g (Safe-Shutdown
Seismic Design (SSE) 0.25 Earthquake)
NSSS Operating Pressure 16.3 MPa(abs), i.e. MPa(g)+0.1, at
(primary side) ' core outlet
NSSS Operating Pressure 6.37 MPa(abs), i.e. MPa(g)+0.1, at
(secondary side) secondary side outlet
Primary Coolant Inventory k
(incl. pressurizer) 9
Nominal Coolant Flow Rate
. ka/s
(primary)
Nominal Coolant Flow Rate
kag/s
(secondary)
Core Inlet Coolant 292 oC

Temperature




Core Outlet Coolant

(o]
Temperature 325 C
Available Tempeature as oc
Process Heat Source
e.g. RPV (empty), SG, Core
NSSS Largest Component Reactor vessel Module (empty/fuelled), etc.
- NSSS Largest Component 9300 mm
Length
- NSSS Larlgest Component 3900 mm
Diameter
- NSSS Largest Component
. mm
Thickness
- NSSS Largest Component
tonne

Weight

Reactor Vessel Material

e.g. SS304, SS316, SA508,
800H, Hastelloy N

Steam Generator Design

e.g. Vertical/Horizontal, U-
Tube/ Straight/Helical,
cross/counter flow

Secondary Coolant Inventory

kg

Pressurizer Design

e.g. separate vessel, integral,
steam or gas pressurised, etc.

Pressurizer Volume

m3 / m3 (total / liquid)

Containment Type

Dry (single/double), Dry/Wet
Well, Inerted, etc.

Containment Volume

m3

Spent Fuel Pool Capacity and

Years of full-power operation /

Total Volume m3
Non Electric Application dism"t;‘:::“”ngétﬁ)ena water -
Core Delta Temperature 36 °C
Fuel/Core
Single Core Thermal Power 917 MW(th)
Refuelling Cycle 72 months or “continuous”
Fuel Material uo2 e.g. UO2, MOX, UF4, UCO
Enrichment (avg./max.) 4.95 %

Average Neutron Energy

eV




Fuel Cladding Material

e.g. Zr-4, SS, TRISO, E-110,
none

Number of Fuel “Units”

Specify as Assembly, Bundle,
Plate, Sphere, or n/a

Weight of one Fuel Unit

kg

Total Fissile Loading (initial)

kg fissile material (specify
isotopic and chemical
composition)

% of fuel outside core during
normal operation

Applicable to online refuelling
and molten salt reactors

Fraction of fresh-fuel fissile
material used up at discharge

%

Core Discharge Burnup

50

MWd/kgHM (heavy metal, eg
U, Pu, Th)

Pin Burnup (max.)

MWd/kgHM

Breeding/Conversion Ratio

Fraction of fissile material bred
in-situ over one fuel cycle or at
equilibrium core

Reprocessing

e.g. None, Batch, Continuous
(FP polishing/actinide
removal), etc.

Main Reactivity Control

control rods and soluble boron

e.g. Rods, Boron Solution,
Fuel Load, Temperature, Flow
Rate, Reflectors

Solid Burnable Absorber

e.g. Gd203

m3 (used to calculate power

Core Volume (active) density)
Fast Neutron Flux at Core "

Pressure Boundary n/(em?s)

Max. Fast Neutron Flux n/(cm?*s)

Core Control Rod Absorber

Core Soluble Neutron
Absorber

Safety Systems

Number of Safety Trains

Active / Passive

% capacity of each train to
fulfil safety function

- reactor shutdown

Active/Passive

-/-]-

- core injection

Active/Passive

-/-]-




- decay heat removal

Active/Passive -/-/-
- containment isolation and Active/Passive /-]
cooling
- emergency AC supply (e.g. Active/Passive -1-1-
diesels)
DC Power Capacity (e.g. Hours
batteries)

Events in which Immediate
Operator Action is required

e.g. any internal/external
initiating events, none

Limiting (shortest) Subsequent
Operator Action Time

Hours (that are assumed when
following EOPs)

Severe Accident Core
Provisions

e.g. no core melt, VMR, Core
Catcher, Core Dump Tank,
MCCI

Core Damage Frequency
(CDF)

x/reactor-year (based on
reference site and location)

Severe Accident Containment
Provisions

e.g., H2 ignitors, PARSs, filtered
venting etc.

Large Release Frequency
(LRF)

x/reactor-year (based on

reference site and location)

Overall Build Project Costs Estimate or Range (excluding Licensing, based on the Reference

Design Site and Location)

Construction Time (nth of a
kind)

Months from first concrete to
criticality

Design, Project Mgmt. and
Procurement Effort

Person-years (PY) [DP&P]

Construction and
Commissioning Effort

PY [C&C]

Material and Equipment
Overnight Capital Cost

Million US$(2015) [M&E], if

built in USA
Cost Breakdown %[C&C1/%[M&E]
- Site Development before first
concrete
- Nuclear Island (NSSS (e.g. 25/10)
. ( ) (30/40)
- Conventional Island (Turbine (20/25)
and Cooling) (20/10)
(5/15)
- Balance of Plant(BOP) | | A=
(to add up to 100/100)

- Commissioning and First
Fuel Loading




Factory / On-Site split in [C&C]

%/% of total [C&C] effort in PY

effort (e.g.,60/40)
Nuclear System
System Steam Flow Rate ka/s
System Steam Pressure MPa
System Steam Temperature °C
System Feedwater Flow Rate kag/s
System Feedwater oC
Temperature
Reactor Core
Active Core Height m
Equivalent Core Diameter m
Average Linear Heat Rate kW/m
Average Fuel Power Density kW/kgU
Average Core Power Density MW/m3
Outer Diameter Of Fuel Rods mm

4. Plant Layout, Site Environment and Grid Integration

SUMMARY FOR BOOKLET

to aircraft crashes.

In the basic architecture of the land-based VBER-300 power unit, the reactor, including its servicing
systems, spent fuel pool, and auxiliary equipment are arranged within a double containment resistant
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Figure 1. Plant layour

Reactor Building

The inner steel shell is a leak-tight cylindrical enclosure 30 min diameter that is covered with the semi-
spherical dome 15 min radius and that has an elliptical bottom. The height of the leak-tight enclosure
is 47 m. The steel shell is designed for parameters of the maximum DBA with the excess pressure of
0.4 MPa and the temperature of 1500C. The outer protective enclosure is made of one-piece
reinforced concrete without preliminary tensioning of the steel and consists of a cylindrical portion of
the semi-spherical dome. Building structures of the outer protective enclosure are designed for
external accidental exposures, including an aircraft crash and air shock wave.

Balance of Plant

The VBER-300 design can be configured for land-based stationary applications wherein the reactor
system — a nuclear island coupled to a turbine island and auxiliary buildings for spent fuel storage,
water treatment, maintenance, and switchyard connections with configurations similar to conventional
large LWRs — are housed in a relatively small area.

Turbine Generator Building

Each VBER-300 reactor system can be thermally coupled with one or multiple turbine generator sets. A
slightly superheated steam is supplied to the turbine in the secondary circuit with part of the steam
taken off from the turbine and directed to the heat exchanger of a district heating circuit. It can operate
as a NPP with a condensing turbine and as a nuclear cogeneration plant with a cogeneration turbine.

4.1 Site Requirements during Construction
4.2 Site Considerations during Operation
4.3 Grid Integration

5. Technical NSSS/Power Conversion System Designn

SUMMARY FOR BOOKLET




Nuclear Steam Supply System

The separation heat exchangers are designed to extract heat energy from the nuclear heat source
without mixing the fluids circulating within the nuclear plant with those employed in the process heat
application. In the VBER-300 design, separation heat exchangers are thermally coupled indirectly via
heat exchangers coupled with the secondary loop supporting the power conversion system. In this
configuration, a stream of the steam generated via steam generators (for any of the 2, 3, and 4 SGs)
and partially expanded in the turbines is extracted at an intermediate pressure for circulation within the
separation heat exchangers.

Reactor Core

The reactor core comprises 85 hexagonal fuel assemblies (FAs) which are placed in the reactor cavity
in nodes of a regular triangular lattice with a space interval of 236 mm. Pelletized UO2 fuel with an
enrichment of up to 5% licensed and tested in VVER reactors is used. FA of unified design to increase
the fuel efficiency is utilized. Each FA contains guide tubes that allow insertion/withdrawal of control
rods. Reactor core also uses gadolinium fuel elements, which contain gadoliniumin the UO2 fuel pellet
and has the same geometry as the regular fuel pellet.

Reactivity Control

Sixty one control rods in combination with fuel elements mixed with burnable poison materials provide
safe and reliable reactivity control during both normal and transient operations. Control rods are
operated through high-performance electromechanical control rod drive mechanisms (CRDMSs). The
control rods elements are designed to maintain the core subcritical even if the most reactive assembly
fails (i.e. stuck-rod/assembly event). To compensate for the fuel burnup reactivity margin, fuel rods
with gadolinium burnable poison contained in uranium dioxide pellets are distributed across each FA
with configurations similar to those used in VWER-1000 reactors. Boric acid is also dissolved and
maintained at controlled concentrations within the primary coolant system to ensure optimum core
power distribution.

Reactor Pressure Vessel and Internals

The reactor pressure vessel (RPV) consists of the reactor core and internals with an overall height of
9.3 mand a diameter of 3.9 m. The VBER-300 design provides a special system of emergency vessel
cooling to solve the problem of retaining the melt inside the reactor vessel in severe accidents. The
core melt retention is facilitated by the low power density, relatively low level of residual heat, no
penetrations in the reactor vessel bottom and smooth outer surfaces of the reactor vessel bottom
creating more favourable conditions for steam evacuation under core cooling by boiling water.

Reactor Coolant System

The VBER-300 primary cooling mechanism under normal operating conditions operates using forced
circulation of coolant by the MCPs and using natural circulation in the shutdown condition. The
reliability and operational safety of the MCPs are enhanced due to the usage of a proven technology
and operating experience for the pumps in the area of marine propulsion. The MCPs are connected
directly to the steam generators (SGs). All components of the primary loop are directly connected to
the RPV, except for the pressurizer. The MCPs are centrifugal single-stage canned pumps with
impellers.




Steam Generator

The SGs are once-through coil modules with the secondary coolant flowing inside the tubes. The
feedwater is pumped through an inlet in the SG head, circulates within the SG tubes and exits through
the SG outlet as a superheated steam at the design pressure and temperature for expansion in the
turbine generator units.

Pressurizer

The VBER-300 has an external steam pressurizer that is conventional for loop PWRs. The water
region in the pressurizer, where electric heaters are located, is connected with the SG hot section in
one primary loop. The steam region of the pressurizer is connected with the cold section in this loop
near the MCP pressure chamber, from which the underheated water is supplied to the pressurizer
when valves are open in the injection line. The pressurizer head in the steam region has two safety
valves that protect the primary circuit against overpressure in case of accidents with loss of decay heat
removal.

5.1 Primary Circuit

5.2 Reactor Core and Fuel

5.3 Fuel Handling

5.4 Reactor Protection

5.5 Secondary Side

5.6 Containment/Confinement

5.7 Electrical, 1&C and Human Interface

5.8 Unique Technical Design Features (if any)

6. Technology Readiness

SUMMARY FOR BOOKLET

Design and Licensing Status

Development of the final design and design documentation for a VBER-300 nuclear station can begin
immediately upon the request of a customer. It will take 36 months to develop documentation to the
extent needed to obtain a license for VBER-300 NPP construction, including 18 months to develop the
design.

Fuel Cycle Approach

The VBER-300 design concept allows a flexible fuel cycle for the reactor core with standard VWER
FAs. The fuel cycles are 3x2 years and 4x1.5 years. The number of FAs in the refuelling batch is
either 15 or 30; maximal fuel burnup does not exceed 60 GWd/ton U for the cycle with 30 fresh FAs in
the reloading batch and maximum initial uranium enrichment.




6.1 Deployed Reactors
6.2 Reactors under Licensing Review
6.3 Reactors in the Design Stage

7. Safety Concepts
SUMMARY FOR BOOKLET

The VBER-300 safety systems are based on the defence-in-depth principle with redundancy relying on
passively driven systems that enables the core to operate within safety margins under all anticipated
accident scenarios for at least 24 hours. After this initial period, emergency back-up and diverse safety
systems ensure continued core cooling for extended time. In addition, separation of the passive and
active cooling channels prevents common failures of the emergency core cooling systems (ECCS).

Engineered Safety System Approach and Configuration

The safety assurance and engineering solutions incorporated in the design focus on accident
prevention measures, design simplification, inherent safety; passive safety systems and enhancement
of safety against external events (including acts of terrorism); and mitigation of severe accident
consequences. The RPV and connecting piping that usually form the primary pressure boundary
represent an additional physical barrier. The leak-tight carbon steel containment and protective
enclosure with filtration forms the ultimate barrier separating the reactor system from the environment.
For all cogeneration applications, the separation of heat exchangers represents a physical barrier to
prevent radioactive release.

Decay Heat Removal System

The decay heat removal system (DHRS) consists of two passive heat exchangers and a process
condenser. Passive safety features are intended to arrange recirculation in the core for the removal of
decay heat in the course of scheduled maintenance, refuelling or under emergency conditions.
Passive emergency shutdown cooling system operates using natural circulation of coolant in all heat
transport circuits with stored water tanks, where water is evaporated and condensed back to liquid
upon a contact with the cooler surfaces of the containment inner shell. Decay heat is also removed
indirectly by the secondary circuit using the steam turbine condenser.

Emergency Core Cooling System

The ECCS contains two stages accumulators with different flow-rate characteristics to ensure
emergency core cooling for 24 hours, makeup pumps and a recirculation system. If electrical power is
available during accidents, makeup pumps and an active recirculation system ensures emergency core
cooling beyond the initial 24 hours. The VBER-300 emergency shutdown system consists of the
CRDMs, two trains of liquid absorber injection, and two trains of boron control from the make-up
system. Emergency residual heat removal system (RHRS) by means of passive cooling channels with
water tanks and in-built heat exchangers, ensure reliable cooling up to 72 hours and longer. The
systemis actuated by passive means—hydraulically operated pneumatic valves. The emergency core
cooling accumulators are part of the passive water injection system as injection is done using




compressed gas. Containment depressurization systems prevent containment damage and reduce
radioactive release in design basis accidents (DBA) and beyond DBAs. A small and medium loss of
coolant accidents (LOCA) are prevented by a combination of a sprinkler system, low-pressure
emergency injection system, and core passive flooding system.

Containment System

The land-based VBER-300 containment system includes a double protective pressure envelope
formed by an inner carbon steel shell and an outer reinforced concrete containment structure. In
addition, localizing reinforcement is provided to protect the pressure boundary represented by all
auxiliary systems hydraulically connected to the primary loop. The containment is designed to
withstand all stressors induced by all credible accident scenarios, including aircraft crashes. The inner
steel containment of 30 m in diameter and 49 m high provides space for condensing the steam
generated from the medium in large LOCAs. The outer concrete structure 44 m high and 36 min
diameter serves as protection against natural and man-caused impacts.

Plant Safety and Operational Performances

The VBER-300 safety concept is based on the defence-in-depth principles. With the modular
configuration, it has increased resistance to impact loads in case of earthquake and aircraft crash.
Results of strength analysis under seismic loads of up to 8 points according to the MSK-64 scale
carried out for the VBER-300 RPs confirmed that the reactor unit has a two-times safety margin
(maximum seismic stress of the most loaded vessel unit is 150 MPa maximum at an allowed stress of
370 MPa). Analysis of the 20 ton aircraft crash on the reactor compartment showed that overload upon
the attachment fittings of the reactor unit is less than seismic loads. It is considered that core melting
accidents for the core are postulated. In the case of the severe accident, the reactor cavity is filled with
water from the emergency reactor vessel cooling system ensuring reliable heat removal from the
external surface of the bottom and lower portion of the vessel. Retention of satisfactory mechanical
properties and load-carrying capacity of the vessel ensures retention of the melted core inside the
reactor. The safety level of the power units with VBER plants correspond to requirements for
Generation lll+ advanced nuclear stations making it possible to place them near cities that is of
extreme importance as virtually all regional power sources are used for district heating. The buffer area
of the station coincides with the perimeter of the industrial site. The calculated radius of protection
measures planning for population is 1 km.

7.1 Safety Philosophy and Implementation
7.2 Transient/Accident Behaviour

8. Fuel and Fuel Cycle
SUMMARY FOR BOOKLET

Fuel Cycle Approach

The VBER-300 design concept allows a flexible fuel cycle for the reactor core with standard VWER




FAs. The fuel cycles are 3x2 years and 4x1.5 years. The number of FAs in the refuelling batch is
either 15 or 30; maximal fuel burnup does not exceed 60 GWd/ton U for the cycle with 30 fresh FAs in
the reloading batch and maximum initial uranium enrichment.

8.1 Fuel Cycle Options
8.2 Resource Use Optimization
8.3 Unique Fuel/Fuel Cycle Design Features

9. Safeguard & Physical Security
SUMMARY FOR BOOKLET

9.1 Safeguards
9.2 Security
9.3 Unique Safeguards and/or Security Features

10. Project Delivery & Economics

SUMMARY FOR BOOKLET

10.1 Project Preparation and Negotiation
10.2 Construction and Commissioning
10.3 Operation and Maintenance
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