GE VERNOVA

HITACHI

005N9751
REVISION H
October 2025

BWRX-300 General Description

© 2025 GE Vernova Hitachi Nuclear Energy Americas LLC. All rights reserved. GE is a trademark of General Electric Company
used under trademark license. HITACHI is a trademark of Hitachi, Ltd. used under trademark license.





















005N9751 REVISION H

DISCLAIMER OF RESPONSIBILITY

This document was prepared by GE Vernova Hitachi Nuclear Energy Americas LLC (GVH) for
the purpose of providing general information about its BWRX-300 nuclear power plant. No other
use, direct or indirect, of the document or the information it contains is authorized. Neither GVH
nor any of the contributors to this document:

e Makes any representation or warranty (express or implied) as to the completeness,
accuracy, or usefulness of the information contained in this document or that such use of
any information may not infringe privately owned rights; or

e Assumes any responsibility for liability or damage of any kind that may result from any use
of such information.
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Table 1-1: Evolution of the General Electric Boiling Water Reactor

Product First Commercial Representative Plant/Characteristics
Line Operation Date
BWR/1 1960 Dresdenl
Initial commercial-size BWR
BWR/2 1969 Oyster Creek

Turnkey project purchased solely on economics.
Large direct cycle
External recirculation pumps

BWR/3 1971 Dresden 2

First jet pump application

Improved Emergency Core Cooling System (ECCS)
Core spray and flood capability

BWR/4 1972 Vermont Yankee
Increased power density (20%)
BWR/5 1978 Tokai 2

Improved ECCS
Valve flow control for recirculation system

BWR/6 1981 Kuosheng 1

Compact control room

Solid-state nuclear system protection system
Advanced containment design

ABWR 1996 Kashiwazaki-Kariwa 6

Reactor internal pumps

Fine Motion Control Rod Drives (FMCRDs)

Advanced control room, digital and fiber optic technology
Improved ECCS: high/low-pressure flooders

SBWR Natural circulation
Passive ECCS
Passive containment cooling

ESBWR Natural circulation

Passive ECCS

Passive containment cooling

BWRX-300 Loss-of-Coolant Accident (LOCA) mitigation through integral
isolation valves

Natural circulation

Passive heat removal systems

Reactor Building (RB) built from steel-concrete composite modules
with diaphragm plates
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Figure 1-3: Evolution of Containment Design

1.2 Safety Concept and Defense-in-Depth

BWRX-300’s safety strategy implements the safety requirements set forth in IAEA SSR-2/1, Rev.
1, Safety of Nuclear Power Plants: Design. The safety requirements are implemented through
Defense-in-Depth (D-in-D) concepts, evaluations, analyses, and assessments used in the design
process.

The Safety Strategy considers the five plant states described below:

1. Normal Operation includes the operational states that are expected to occur frequently or
regularly during plant operation, including the following Normal Plant Operational Modes that
cause the extreme values of basic plant parameters (e.g., system pressures, system flow
rates, radiation levels, or component stresses):

e Power Operation

o Startup

e Hot Shutdown

e Stable Shutdown

e Cold Shutdown

e Refueling

e Maintenance

e Maneuvering of the plant

This limiting set of normal operations determines the control requirements and administrative
restrictions necessary to help ensure that protective actions are not required during normal
operation.
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2. Anticipated Operational Occurrences are deviations from normal operation that are
expected to occur at least once during the operating lifetime of the reactor facility but that,
with the appropriate design measures, do not cause any significant damage to safety class
components, or lead to accident conditions. The Anticipated Operational Occurrence (AOO)
plant state includes all Postulated Initiating Event (PIES) with frequencies of occurrence
greater than 107 per year.

Therefore, this plant state is characterized as a condition initiated by an active incident and
expected to occur at least once during the lifetime of the plant. These occurrences have the
potential to challenge the reactor safety, but, at worst, result in a reactor trip with the plant
capable of being returned to normal operation.

3. Design Basis Accidents are accident conditions for which a reactor facility is designed
according to established design criteria, and for which damage to the fuel and the release of
radioactive material are kept within regulated limits. Design Basis Accidents (DBAS) include
all PIEs with frequencies of occurrence greater than 10 per year but lower than 102 per year
and any events that are used as a design basis for DL3, regardless of whether the estimated
frequencies are lower than 10 per year.

Therefore, this plant state is typically characterized by passive incidents that occur
infrequently or are not expected to occur during the lifetime of the plant.

4. Internal hazards include events such as fires, explosions, turbine missile impacts, and floods
of internal origin, which could affect the safety of the reactor and result in damage to
Structures, Systems, and Components (SSCs) important to safety.

External events include events that might prevail in the vicinity of the site and challenge the
Fundamental Safety Functions (FSFs) include:

¢ Natural external hazards such as extreme weather conditions, earthquakes, and external
flooding.

¢ Man-made hazards such as aircraft crashes, hazards arising from transportation, and
industrial activities (fire, explosion, missiles, release of toxic gases).

Internal hazards and external events determine requirements for SSCs important to safety,
including design, redundancy, protection, and separation.

5. Design Extension Conditions are postulated accident conditions that are less frequent than
DBAs. Design Extension Conditions (DECs) are a subset of BDBAs, and are therefore, not
part of the design basis. DECs are considered in the design process of the facility in
accordance with best-estimate methodology DECs can occur without core damage or with
core damage where releases of radioactive material are reasonably contained and kept within
acceptable limits.

BDBAs other than DECs are accidents for which confinement of radioactive materials cannot
be reasonably achieved. These are referred to as severe accidents and involve a catastrophic
incident, core damage, and fission product release. These accidents scenarios are considered
for practical elimination. A severe accident is generally considered to begin with the onset of
core damage.

Representative DECs with core damage are postulated to provide inputs for the design of the
containment and of the safety features ensuring containment functionality. Analyses of DECs
determine the requirements for this plant state, the performance of protective SSCs,
administrative restrictions, and quantify the plant safety margin.
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Table 1-2: Overview of Defense Line Objectives

Defense

Objective

Line

Employ emergency preparedness measures to protect the public from consequences of

RIS significant releases of radioactive materials.

The following high-level principal safety objectives are considered in the Safety Strategy:

Improve protection to provide the highest level of safety that can reasonably be achieved.

Produce a design with an appropriate degree of accident prevention and consequence
mitigation features.

Provide a hazard evaluation process to identify hazards with potential to challenge a FSF.

Systematically identify and categorize plant level safety functions and flow down
requirements to Systems, Structures and Components (SSC)s delivering those plant level
safety functions.

Incorporate probabilistic risk assessment insights to select among design options,
strengthen the design against previously known vulnerabilities, characterize the design,
and evaluate the balance in the design between severe accident prevention and
mitigation, leading to a well-balanced and cost-effective improvement in safety.

Appropriately include or improve upon features in predecessor designs that reduce risks
associated with postulated accident events, such as a diverse scram system with both
hydraulic and electric run-in capabilities on the control rods.

Establish a design approach where active asset protection systems and blocking systems
serve as the primary means to mitigate anticipated operational occurrences (i.e., DL2).

Establish a passive approach with simple systems that use driving forces of buoyancy,
gravity, core heat generation, and stored energy sources to mitigate DBAs (i.e., DL3).

Associated with the passive design approach, deterministic design basis safety analyses
are to rely solely on the passive safety systems and fail-safe repositioning of components
to demonstrate compliance with the acceptance criteria for various design basis events.

Provide a structured and deliberate approach to help meet international expectations that
events and sequences outside of the traditional design basis be analyzed deterministically
and probabilistically to show that they are not to escalate into a severe accident.

Establish the appropriate quality and diversity in digital instrumentation and control
Systems to defend against Common Cause Failures (CCF).
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Figure 1-4: BWRX-300 Defense-in-Depth Concept

The BWRX-300 is designed for international deployment and is, therefore, utilizing standards
published by the IAEA, in lieu of specific regulatory requirements for any given country. The IAEA
Safety Standards represent an international consensus on what measures constitute a high level
of protection and safety and utilize D-in-D as “the primary means of preventing accidents in a
Nuclear Power Plant (NPP) and mitigating the consequences of accidents if they do occur”. The
BWRX-300 design is in alignment with this international framework irrespective of licensing
requirements in any specific region. Region-specific adaptations can be made for specific design
or analysis elements (e.g., region-specific acceptance criteria for dose releases), but the role of
that element should not change.

The concept of D-in-D involves the provision of multiple layers of defense against some
undesirable outcome rather than a single, strong defensive layer. In the case of an NPP, the
undesirable outcome is the exposure of workers or the public to radioactivity that exceeds a safe
level.

To understand the principle of D-in-D, it is important to differentiate two types of defensive
layering:

o Physical barriers in place to prevent release of radioactivity: the fuel cladding, Reactor
Coolant Pressure Boundary (RCPB), and containment. The integrity of one or more
physical barriers is to be maintained to prevent unacceptable releases.

e Features, functions, and practices used to reduce challenges to the physical barriers, to
maintain the integrity of the barriers and, in case a barrier is breached, to help ensure the
integrity of the remaining barriers.
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e Safety Category 2 is assigned to DL4a primary and integral functions. Both DL2 and DL4a
provide a redundant means to address PIEs (generally independent of DL3 functions) and
are therefore important from a safety standpoint, although less important than DL3
functions. DL4a functions are a backup to DL3 functions, in the unlikely event a DL3
functions fails, and therefore have a higher consequence of incident than DL2 functions
and are more important from a safety standpoint than DL2 functions.

o Safety Category 3 is assigned to DL2 and DL4b primary and integral functions as they are
relatively the least important. DL4b functions address severe accidents, which are
extremely unlikely because incident of both DL3 and DL2 or DL4a functions would have
to occur. Accordingly, DL4b functions are considered relatively the least important defense
line functions, despite the high consequence of incident.

¢ Non-Safety Category is assigned to all other functions.

In addition to primary functions, make-ready support functions, delayed functions, normal
functions, and Post-Accident Monitoring (PAM) functions are also assigned safety categories.
Safety Categories are applied to these functions as described below:

Make-ready support functions are continuously available online functions that maintain the
primary function, or a component required to perform the primary function, in a state of readiness
but are not required to be performed at the time the primary function is performed. Make-ready
functions have monitoring, such that plant operators are alerted if the make-ready support function
were lost, or the readiness of the primary function or component were compromised. For example,
maintaining the temperature of a pool of cooling water within acceptable limits, with monitoring by
pool temperature indication is an example of a make-ready support function. Accordingly, make-
ready functions are not required to be assigned the same safety category as the primary function.
However, make-ready functions are important and are therefore assigned to safety categories as
follows:

e Make-ready functions that support DL3 or DL4a functions are assigned to Safety
Category 3

o All other make-ready functions are assigned to Safety Category N

Delayed functions are primary or integral support functions that are not required to be performed
until sometime after the initiating event. Because there would be ample time during the event to
help ensure these functions are available, delayed functions are not required to be assigned the
same safety category as functions required immediately after the initiating event. If the function is
not needed until after 72 hours into the event (but before seven days), it is classified as Safety
Category 2 (instead of Safety Category 1), and if the SSC is not needed until after seven days
into the event, it is classified as Safety Category 3 (instead of Safety Category 1 or Safety
Category 2). Delayed functions are not subject to defense line function “requirements,” such as
independence and diversity.

Normal functions that perform an FSF during normal plant operation or that maintain key reactor
parameters (e.g., reactor pressure and temperature) within normal ranges, and their integral
support functions, are assigned to Safety Category 3. Make-ready functions for normal functions
are assigned to Safety Category N. If incident of a normal function would likely result in an initiating
event that could challenge an FSF, the function should be assigned to Safety Category 3.

Functions that support monitoring and display of PAM variables are assigned the following safety
categories:

o Safety Category 1 is assigned to functions that support monitoring and display of PAM
Type A variables unless a further evaluation is performed to justify a lower safety category.
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o Safety Category 3 is assigned to functions that support monitoring and display of PAM
Types B - F variables.

Table 1-3: Overview of Safety Category Classification

DL3 DL4a DL2/4b Normal Post-Accident
: : : : Monitoring
Functions Functions = Functions Functions Functions
Functions that
support
Primary and monitoring and
Integral support display of PAM
1 functions Type A variables,
initiated during unless further
the first 72 hours evaluation is
of an event performed to
justify a lower
safety category
Primary and Primary and
integral support | integral
functions support
5 required after 72 | functions
hours but before | initiated
the end of during the first
seventh day 7 days of an
after an event event
Normal functions
Primary and Primary and that perform an FSF
integral support | integral
functions support Normal functions Functions that
initiated after 7 functions All primary that maintain key o
days after an initiated after | and integral | reactor parameters support monitoring
3 Y 9 b and display of
event 7 days support (e.g., pressure, PAM Tvoe B. C. D
functions temperature) within E ype b, L, U,
, and F variables
Make-ready Make-ready normal ranges
support support
functions functions Integral support
functions
N gllu:;k;c;rrteady :cvlake_'-ready support
. unctions
functions

Safety Class is assigned to components based on the safety category of the functions they
perform as follows:

Safety Class 1 (SC1) is assigned to SSC that perform a Safety Category 1 function.
Safety Class 2 (SC2) is assigned to SSC that perform a Safety Category 2 function.
Safety Class 3 (SC3) is assigned to SSC that perform a Safety Category 3 function.
Non-Safety Class (SCN) is assigned to all other SSC.
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Just as with functions, a time-dependency is introduced for components that perform or support
DL3 and DL4a functions. Specifically, if the component is not needed until after 72 hours into the
event (but before seven days), it is classified as SC2 (instead of SC1), and if the component is
not needed until after seven days into the event, it is classified as SC3 (instead of SC1 or SC2)
because there would be ample time during the event to help ensure those components are
available.

The following classifications are made for components that perform FSFs but may not be explicitly
defined as part of a DL function:

1. Components that are part of design provisions that perform a FSF, whose incident is
considered “practically eliminated,” are assigned to SC1. An example is the Reactor
Pressure Vessel (RPV).

Components that make up the fission product barriers, i.e., fuel cladding, RCPB, and containment,
are assigned to SC1.

a. Based on USNRC 10 CFR 50.2 (23), “RCPB includes all those pressure-containing
components of boiling and pressurized water-cooled nuclear power reactors, such
as pressure vessels, piping, pumps, and valves, which are either part of the reactor
coolant system, or connected to the reactor coolant system, up to and including
any and all of the following:

e The outermost Containment Isolation Valve (CIV) in system piping which
penetrates primary reactor containment.

e The second of two valves normally closed during normal reactor operation in
system piping which does not penetrate primary reactor containment.

e The reactor coolant system safety and relief valves.

For nuclear power reactors of the direct cycle boiling water type, the reactor
coolant system extends to and includes the outermost CIV in the main steam and
feedwater piping.”
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Table 1-4: Overview of Safety Classification Methodology

Safety Safety Safety Safety
Category 1 Category 2 Category 3 | Category N
Functions Functions Functions Functions

Safety

Class

Components that are
part of design provisions
that perform an FSF,
whose incident is
considered “practically

SSCs eliminated”

required

1 within first 72 Components that make

hours of up the fission product

event barriers
Components that are
part of the reactor
coolant pressure
boundary

SSCs

required after .
72 hours but SSCs required

2 before the within first 7
days of event

end of the
seventh day
SSCs .
3 required after SSCs required All components
after 7 days
7 days

All components

Structures (excluding fuel handling equipment) are assigned a safety classification based on the
highest safety classification of the components they house or support, excluding components
whose incident, due to loss of functionality of the structure, would result in fail-safe performance
of the component’s safety category function(s).

14 BWRX-300 Status

1.4.1 Designh Progress

GVH is currently finalizing the BWRX-300 standard design. The design was used as the basis of
the issuance of the License to Construct for the lead unit, Ontario Power Generation’s Darlington
New Nuclear Project Unit 1, the Construction Permit Application for Tennessee Valley Authority’s
Clinch River Nuclear Unit 1, interactions with Poland’s nuclear regulator and the first two steps of
the United Kingdom regulators” Generic Design Assessment.
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key enabling technologies prior to performing detailed design activities. Additional LTRs are to be
submitted to support other aspects of the BWRX-300 design. Preapplication LTRs may also be
prepared to support U.S. operating utility partner plans currently in development. The intent of
further LTRs is to streamline the review process for plant-specific licensing applications. A
Construction Permit submittal was filed with the USNRC in May 20252025 and accepted for
review with an expected CP issuance timeline of December 2026.

In the U.K., the BWRX-300 is currently being assessed as part of the Generic Design Assessment
(GDA) completed by the ONR and EA. As part of the 2-step GDA, the BWRX-300 core safety,
security and environmental protection cases are assessed in order to confirm there are no ‘show
stopping’ shortfalls, paving the way for future site licensing and permitting activities in the UK. The
regulators assessment is on track for completion in December 2025.

GVH is supporting potential deployment of the BWRX-300 in Poland with partners. The
government of Poland approved six locations for the construction of 24 BWRX-300 SMRs, and a
generic Preliminary Safety Analysis Report is under development. GVH, along with our partners,
is in preapplication discussions with the National Atomic Energy Agency of Poland (PAA). PAA
has also communicated to GVH that discussions regarding development of a collaborative
agreement with both the USNRC and CNSC are in progress.

In support of potential deployment of the BWRX-300 in the Czech Republic, GVH, along with our
partners, is in preapplication discussions with the State Office for Nuclear Safety (SUJB) and the
Radioactive Waste Repository Authority (SURAQO). SUJB and SURAO have also communicated
to GVH that discussions regarding development of a collaborative agreement with both the
USNRC and CNSC are in progress. Although there are existing commercial NPPs in the Czech
Republic, the existing nuclear regulations are not as mature as in Canada and the U.S. Therefore,
GVH and our partners have been in discussions with the SUJB and SURAO for consideration of
using country-of-origin licensing from either or both Canada and the U.S. to supplement the
country’s existing nuclear regulations, including acceptance of use of IAEA Safety Standards.

GVH is supporting potential deployment of the BWRX-300 in Finland and/or Sweden with
partners. A pre-engineering phase for potential new build has commenced for certain
assessments being carried out to take the first steps in the nuclear licensing process for potential
technologies. One assessment includes a review of Finland Radiation and Nuclear Safety
Authority (STUK) and Swedish Radiation Safety Authority (SSM) regulations to identify and
mitigate licensing risks during future project phases. Pre-licensing dialogue continues and is
aimed to reduce licensing risk at later stages of the project.
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Figure 2-1: BWRX-300 Reactor Building Cutaway
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Feature

Table 2-1: Comparison of Key Features

Advanced Boiling

Water Reactor

Economic
Simplified Boiling
Water Reactor

REVISION H

BWRX-300

Reactor Vessel

Extensive use of
forged rings

Extensive use of forged
rings

Extensive use of forged
rings; integrated
isolation valves

Chevron Steam Dryer

Chevron Steam Dryer

RPV Diameter (ID) 7.1m 7.1m 4m
RPV Height (Inside) 21.0m 27.6m 27m
Fuel Type GE14 GNF2e GNF2
Number of Fuel Bundles 872 1,132 240
Cruciform Cruciform Cruciform
Control Blade Type
B4C or Hf B4C or Hf B4C or Hf
Control Rod Drive (CRD) FMCRD EMCRD EMCRD
Type
Number of Control Rods 205 269 57
AS-2B Steam AS-2B Steam AS-2B Steam
Steam Conditioning Separators Separators Separators

Chevron Steam Dryer

Primary Containment Vessel
Type

Reinforced Concrete
Containment Vessel

Reinforced Concrete
Containment Vessel

Steel-plate Composite
Containment Vessel

ECCS

3-Divisional

Passive

Passive

Isolation Makeup

Reactor Core Isolation
Cooling System

Isolation Condensers,
Passive

Isolation Condensers,
Passive

3-Division Residual

Cooling System

Heat Removal System

Shutdown Cooling Heat Removal System | Non-Safety related SC3
Safety-related
Primary Containment Vessel | 3-Division Residual . .
Passive Passive

Emergency AC Power

3 Safety-related diesel
generators

Non-Safety related

Two SC3 diesel
generators

Instrumentation and Control

Digital, Multiplex, Fiber
Optics, Multiple
Channel

Digital, Multiplex, Fiber
Optics, Multiple
Channel, Diverse
Analog DL4a System

Digital, Multiplex, Fiber
Optics, Multiple
Channel, Diverse
Analog DL4a System

In-Core Monitor Calibration

Traversing In-core
Probe System

Fixed, In-Core Gamma
Thermometers (GTs)

Fixed, In-Core GTs

Control Room

Operator Tasked-
Based

Operator Tasked-
Based

Operator Tasked-
Based
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Figure 3-2: Cutaway View of Reactor Core

3.1.1.2 Reactor Isolation Valves

The BWRX-300 RIV design is a critical part of the overall LOCA mitigation strategy for the
BWRX-300 design. A fundamental design goal of the BWRX-300 is to be designed and licensed
to eliminate the non-isolable LOCA for pipe breaks greater than 19 mm (3/4 inch) nominal pipe
size. This innovation enables simpler passive safety systems, a more compact containment that
is dry, and a simpler RB compared to prior LWR designs.

The BWRX-300 design eliminates the traditional non-isolable large break LOCA by utilizing novel,
redundant RIVs integral to the RPV. This feature allows the RPV to be isolated automatically,
quickly stopping leakage from the vessel following a downstream pipe break. The BWRX-300
RPV isolation valve design has the following design features:

o Dual quarter turn isolation valves integrally attached to each RPV process nozzle > 19 mm

¢ Redundant, leak proof valves which are CCF proof and fail-safe in that loss of power or
hydraulics/air results in the valves closing

¢ No incident of a single component prevents the RIVs from performing their designed
function

e Automatically actuated using SC1 controls

SCs for Instrumentation and Control (I&C) are described in Section 6.0, Instrumentation and
Control Systems.

The RIVs are on the RPV nozzles for the MS subsystem, the Reactor Water Cleanup System
(CUW), the supply and return lines of the ICS system, the Head Vent, and the FW System.
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3.2 Control Rod Drive System

The CRD System includes three major elements: FMCRD mechanisms, HCU assemblies, and
the CRDH subsystem.

There are 57 FMCRDs mounted in housings welded into the RPV bottom head. Each FMCRD
has a movable, hollow piston that is coupled at its upper end, inside the RPV, to the bottom of a
control rod. The piston is designed such that it can be moved up or down, both in fine increments
and continuously over its entire range, by a ball nut and ball screw driven by the motor. In
response to a scram signal, the piston rapidly inserts the control rod into the core hydraulically
using stored energy in the HCU scram accumulator (see cross-section in Figure 3-7, Fine Motion
Control Rod Drive). The FMCRD design includes an electromechanical brake on the motor drive
shaft and a ball check valve at the point of connection with the scram inlet line. These features
prevent control rod ejection in the event of an incident in the scram insert line.

In addition to hydraulic powered scram the FMCRD motors also provide continuous electric motor-
driven run-in of all control rods as a path to rod insertion that is diverse from the hydraulic powered
scram. In the event of a PIE that requires a rapid reactor shutdown, and if the reactor scram fails
or is delayed, then the reactor is shut down by the electric motor run-in of FMCRDs function. The
FMCRD does not interfere with refueling and is operative even when the head is removed from
the RPV.

There are 29 HCUs, each of which provides sufficient pre-charged accumulator water storage to
scram two FMCRDs, except for the FMCRD in the center of the core which has its own HCU, at
any reactor pressure. Each HCU contains a nitrogen-water accumulator and the necessary valves
and components to scram FMCRDs. Additionally, during normal operation, the HCUs provide a
flow path for purge water to the associated FMCRDs which then flows into the reactor, adding to
reactor coolant inventory.

The CRDH subsystem provides demineralized water that is regulated and distributed to provide
charging of the scram accumulators and purge water flow to the FMCRDs during normal
operation. The CRDH subsystem is also the source of pressurized water for purging the Shutdown
Cooling System pump seals and the NBS reactor water level reference leg instrument lines.
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Figure 3-7: Fine Motion Control Rod Drive

3.3 Isolation Condenser System

The ICS consists of three independent trains, each containing a Heat Exchanger (HX) or IC that
is submerged in a dedicated pool of water and is connected to the RPV by steam supply and
condensate return piping. The complex of ICS pools represents the ultimate heat sink for
protecting the reactor core when the main condenser is not available, and the RPV becomes
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isolated. Each IC has a capacity of approximately 33 MW (approximately 3.7% of rated thermal
power).

When in operation, the ICS removes heat from the reactor coolant and rejects it to the
environment. The ICS also reduces increases in steam pressure and maintains the RPV pressure
at an acceptable level through decay heat removal. This is accomplished by condensing reactor
coolant supplied as steam from the RPV on the tube side of the ICs and then returning the
condensate back to the RPV in a closed loop. Heat removed from the steam is transferred by the
IC to the water in the pool, and the pools are vented to the atmosphere. The ICs are placed at an
elevation above the steam source, causing natural circulation that is driven passively by
gravitational force. The arrangement of the IC is shown in Figure 3-8, Isolation Condenser
System.

dF

IC Outer Pool B+C —

IC Inner Pool B+C

IC Inner Pool A
IC Outer Pool A

Ultimate Pressure Regulation
Valve and Rupture Disk

IC Steam Supply RIVs
IC Condensate Return Valves

IC Condensate Return RIVs

Figure 3-8: Isolation Condenser System

One ICS train is needed to mitigate AOOs. Two ICS trains are required for LOCA mitigation
(analysis assumes one ICS train has a single incident). With two ICS trains in service, decay heat
removal is sustained for seven days without operator action. All three ICS trains are credited for
beyond design basis events, and the IC pool inventories can be replenished indefinitely. The heat
rejection process is continued beyond seven days when the IC pool inventory is replenished. The
ICS pools are located above ground and are not pressurized. Clean makeup water can be added
directly to the ICS pools using readily available transportable sources, such as a fire truck.
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The ICS may be placed in service manually from the Main Control Room (MCR), automatically
by the protection systems signal or by passive means if a loss of Direct Current (DC) power occurs
(fail-safe). To place a train of the ICS in service, one of the parallel condensate return valves is
opened (or fails open), allowing the standing condensate to drain to the RPV inlet in the chimney
region.

3.4 Containment

The BWRX-300 Primary Containment System (PCS) encloses the RPV and some of its related
systems and components, provides radiation shielding, and acts as a boundary for radioactive
contamination released from the NBS or from portions of systems connected to the NBS inside
the containment system. The reduction of potential LOCAs and application of a dry containment
eliminates the need for a suppression pool.

The BWRX-300 uses a traditional containment system for the ultimate containment of radioactive
materials for various postulated events. The BWRX-300 containment is a vertical cylinder
approximately 19 meters outside diameter and 38 meters high. It comprises a Steel-Plate
Composite Containment Vessel (SCCV), consisting of steel-plate composite cylindrical wall,
basemat, and top slab, and a steel containment closure head. The containment structure is
completely enclosed within the deeply embedded RB and includes personnel/equipment hatches,
containment penetrations, and other safety components. Figure 3-9, BWRX-300 Dry
Containment, highlights important structures and components of the PCS. The SCCV is also
integrated with the RB and the integrated structure is supported by a common steel-plate
composite basemat.

A core catcher is provided below the RPV for corium to spread and prevent contact with as a
mitigating feature following a severe accident. The core catcher is equipped with a corium shield
liner manufactured of Zirconia to contain the corium and prevent Molten Core Concrete Interaction
(MCCI). The complimentary design feature of containment flooding quenches the spread corium
to maintain containment integrity and reduce the environmental release.

The PCS has provisions for personnel access and for habitability during plant outages to perform
maintenance, inspections, and tests required for assuring SCCV integrity and reliability, and the
integrity and performance reliability of interfacing SSCs contained inside the PCS boundary.

The PCS is designed for a design life of 60 years of operation plus an assumed {20 years} for
decommissioning.
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Figure 3-9: BWRX-300 Dry Containment
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3.5 Containment Cooling System

The Containment Cooling System (CCS) is used to help meet the containment bulk average
temperature is maintained according to technical specifications. CCS maintains normal
temperature operating envelope in the SCCV to help ensure initial conditions assumed in safety
analysis are met and help meet that environmentally qualified equipment is within the design
envelope in operating modes where the containment is not open.

The CCS is a closed loop recirculating cooling system with no outside air introduced into the
system except during outages. The CCS is comprised of two fully redundant trains of Air Handling
Units (AHUs). Each AHU is cooled by a corresponding Chilled Water Equipment (CWE) system
train, so that SCCV cooling is still possible even with loss of one train of CWE or one train of CCS.

The SCCV is purged with nitrogen before startup and kept inerted during normal plant operation.

During normal operation, hot nitrogen gas is drawn from the upper containment space over the
coils, cooled, and discharged to the common distribution header. At the header, a portion of the
cooled nitrogen gas is ducted directly to the CRD area, and the remaining nitrogen is ducted to
the upper containment area.

During outages requiring containment entry, the Heating, Ventilation, and Cooling System,
supplies filtered, conditioned outside air into the SCCV through piping interface to purge the
nitrogen out of the SCCV. In this mode, the SCCV temperature is maintained for human comfort
by the CCS.

The CCS does not perform any safety functions but does assist with containment cooldown
following a Loss-of-Offsite Power (LOOP) during the period from hot shutdown to cold shutdown
and limits containment temperature during LOOP.

3.6 Passive Containment Cooling System

The Passive Containment Cooling System (PCCS) relies on natural circulation to transfer heat
from the containment to the equipment pool to maintain containment pressure and temperature
within the design limits during accident conditions or loss of active containment cooling. Supply
and discharge connections from the pool are connected to closed loop piping within containment.
Heat transfer occurs from the containment to the PCCS by natural circulation and condensation.

The PCCS consists of three independent trains of LP HXs that transfer heat from the containment
to the equipment pool which is located above the PCS and is filled with water during normal
operation.

The equipment pool is vented to the atmosphere. PCCS operation requires no sensing, control,
logic, or power actuated devices for operation. The PCCS condensers are closed loop, and the
fluid inside does not contact the containment atmosphere. Since there are no containment
isolation valves between the PCCS HXs and the containment, the mode is always in "ready
standby.” The PCCS is in service during normal operation. However, the PCCS does not
contribute to the heat removal significantly during normal operation since the containment
temperature is maintained by the CCS.

The PCCS becomes effective when steam is discharged into the containment following a pipe
break. The steam discharge to containment raises containment temperature and increases the
steam content for condensation to occur. Heat transferred to the PCCS from the containment is
removed by the natural circulation of water in single phase flow and rejected to the equipment
pool.
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Figure 3-10: Passive Containment Cooling System

3.7 Boron Injection System

The purpose of the Boron Injection System (BIS) is to introduce sufficient negative reactivity into
the reactor primary system to assure a reactor shutdown from the full power operating condition
to the cold 20°C (68°F) subcritical state with no control rod motion. The BIS dispenses the
minimum required neutron absorber of natural boron using a Boron-10 solution or equivalent into
the core zone to meet the minimum shutdown concentration required throughout the core region
while providing reasonable margin for leakage or imperfect core mixing.

The system is provided for, and only for, a situation which causes the normal reactor control
system to be unable to shut down the reactor. The BIS acts as an emergency backup to the
insertion of control rods to provide a diverse means of making the reactor subcritical.
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3.10 Isolation Condenser System Pool Cooling and Cleanup System

The primary function of the ICS Pool Cooling and Cleanup System (ICC) is to remove heat from
the ICS pools such that the bulk temperature of water in the pools is maintained below Technical
Specification (TS) limits and thereby ensuring the readiness of the ICS to perform its Safety
Category function. Secondary functions of the ICC include maintaining the cleanliness of the ICS
pool water and providing the capability to add clean makeup water during normal reactor
operations to offset the minor routine loss of water inventory due to evaporation.

The ICC processes water from the three ICS Cubicle Pools and surrounding Outer Pools to
maintain water temperature and quality within the prescribed TS limits established for the plant.
The ICC includes two identical, 50% capacity trains, each equipped with a centrifugal pump and
frame-and-plate HX to transfer energy from the ICS pools to the Plant Cooling Water System
(PCW). The system also includes a single integrated skid-mounted demineralizer to remove
soluble and insoluble impurities from the ICS pool water.

3.11 Fuel Pool Cooling and Cleanup System

The primary function of the Fuel Pool Cooling and Cleanup System (FPC) is to provide continuous
cooling of the water volume in the fuel pool to remove decay energy from spent fuel, and to provide
replacement coolant inventory from a variety of sources to help ensure spent fuel is kept cool and
submerged throughout the life of the plant. In addition, the FPC includes demineralization and
particulate filtration to maintain coolant quality and to reduce general area dose. The FPC can be
realigned to provide cooling and cleanup to the reactor cavity and equipment pools, as necessary.

The FPC consists of two trains of equipment, each with a pump, demineralizer, and HX. The
capability to bypass the demineralizer while providing active cooling to support restoration of the
pool temperature from conditions exceeding the demineralizer operational temperature limits is
provided. Each set of components are placed in parallel to provide single train operation and cross
connecting of trains should a component fail. A single train is sufficient to prevent bulk boiling in
the fuel pool. If both trains are rendered inoperable, the fuel pool is sized such that it can retain
sufficient coverage of the fuel for seven days, and the FPC can provide makeup capacity from
various sources to help ensure pool level during off-normal conditions.

The FPC takes suction from two skimmer surge tanks, which remove coolant from the tops of the
three pools, passes it through the system, and returns it through spargers at the bottom of each
pool, which are protected by anti-siphon devices to prevent inadvertent draining of the pools if a
breach of the FPC occurs. The demineralizer allows for removal of small particulate matter
through back-washable filters, with ionic cleanup performed via deep bed demineralization using
mixed anion and cation bead resin.
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Figure 5-1: BWRX-300 Reactor Building Main Steam 3D View
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Figure 5-2: BWRX-300 Turbine Building Main Steam 3D View
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5.2 Balance of Plant Auxiliary Systems

5.2.1 Circulating Water System

The Circulating Water System (CWS) provides cooling water to the main condenser and transfers
heat from the condenser to the environment through the NHS. The CWS also supplies cooling
water to reject the heat loads from the PCW HXs through the NHS. All CWS pumps are in the
NHS structure.

The CWS has two subsystems: the main condenser supply and the PCW supply. The main
condenser supply uses 2x50% pumps to provide cooling water to the MCA during all modes of
condenser heat removal. A hot circulating water return line is provided to recycle water returning
from the condenser in cold weather conditions as required to prevent freezing in the NHS
structure.

The PCW system consists of two trains, each containing one pump and one HX, that address the
reactor component and turbine component cooling loads. The plant cooling water supply uses
2x100% pumps to provide cooling water to the PCW HXs for all normal and abnormal operating
modes. The PCW system provides cooling water to non-safety components in the BWRX-300
plant and provides a barrier against radioactive contamination of the CWS.

The PCW supplies cooling water for two subsystems, Reactor Component Cooling Water
Subsystem (RCCWS), and Turbine Component Cooling Water Subsystem (TCCWS).

The RCCWS piping distribution consists of two redundant piping distributions that support all RB
equipment cooling functions, plant pneumatic system, and any equipment located outside the RB
associated with reactor cooling activities.

The TCCWS piping distribution is a single piping distribution that serves all equipment in the TB
that does not support reactor cooling functions.

Although the PCW supports all plant equipment cooling functions, the design redundancy and
isolation capability is centered around the ability to provide a redundant cooling supply to nuclear
systems. Two independent cooling equipment trains with one pump and HX in each train are
provided to satisfy the need for redundant cooling supplies to nuclear systems in the redundant
RCCWS piping distribution and the single TCCWS piping distribution.

These independent trains are cross connected using manual crossties to allow for online
maintenance. If necessary, the TCCWS can be isolated from each RCCWS by closing the supply
and return header valves on each train, and each RCCWS train operates independent of the
other.

5.2.2 Chilled Water System

The CWE provides chilled water cooling to the Heating Ventilation and Cooling Systems
throughout the plant and to the CCS in the RB.

The CWE is a closed loop chilled water system that supplies chilled water to various non-safety
category function AHU cooling coils and plant equipment coolers in the TB, Radwaste Building
(RWB), RB, and Control Building (CB). Heat absorbed by the CWE is rejected from the CWE
chiller condensers to atmosphere above the Radwaste Building.

The CWE is comprised of four CWE air-cooled chillers, four CWE pumps, one expansion tank,
four air separators, one chemical bypass feeder, one glycol auto-fill unit, piping, valves,
instruments, and controls.
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Each chiller has its own dedicated pump. Four by 33% (4X33%) capacity chiller/pump
combinations are provided for all plant chilled water use and two of the four chiller/pump
combinations are part of the D-in-D protection functions.
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Figure 6-1: BWRX-300 Distributed Control and Information System Communication
Diagram

Table 6-1: Safety Classification of Distributed Control and Information Systems

Safety Class
Main Parts List Identifier and System Name

(1)/ Defense

Lines
SC1/bL3 e C10 - Primary Protection System
SC2/DL4a . . e C22 - Fine Motion Control Rod Drive
e C20 - Diverse Protection System (FMCRD) Motor Control System
SCL:%DLZ el e C30 - Anticipatory Protection System ~ ® C36 - Plant Data Acquisition, Data
e C31 - Reactor Control System Communlcatlofns, and Normal
® C32 - Reactor Auxiliaries Control Operator Iqter ace System
S e C38 - Turbine-Generator Control
ystem System
* (E:33'_ Equr[nfzgt C?Oll'gg atnd e C37 - Control and Monitoring System
nwronmen_a ontrol System for DL4b Functions
® C34 - Electrical Power Supply Control =39 - Normal Heatsink and
System o o Condensate/Feedwater (FW) Control
e C35 - Reactivity Monitoring Systems System
SCN e C40 - Investment Protection System o C44 - Effluent Cleanup Control System
e C41 - Plant Performance Monitoring e C45 - Network Communications and
e C43 - Water Chemistry Operator Interface System

(1) These are the overall safety classifications assigned to the system, but they can perform functions for multiple

safety categories.
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Figure 6-2: Main Control Room and Surrounding Areas Layout (Top View)
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Figure 6-3: Main Control Room and Surrounding Areas Layout (Side View)

Figure 6-4: Group View Display System Concept (Forward View)
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6.3 Secondary Control Room

The SCR is in the RB. The SCR includes the required HSI that enable operators to perform the
defined set of functions required for responding to the identified plant events and conditions for
which the MCR cannot be used.

The SCR is designed in accordance with current international best practice codes and standards
for control room design, integrating results from HFE analyses and specified HFE design
requirements.

The SCR is utilized to perform the functions required to keep the plant in a safe state when the
MCR is unavailable. The required functions are derived from a safety and HFE analyses.

The SCR includes suitable facilities for habitability and well as workspace for tasks to support
required usage. The SCR contains a suitable supply of food and water. The SCR also contains
adequate space and provisions for sleeping as required by the postulated scenarios in which it is
used.
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The on-site AC power system consists of SCN, SC1, SC2, and SC3 power systems. The off-site
power source provides the Normal Preferred and Alternate Preferred AC power to SCN, SC1,
SC2, and SC3 loads. In the event of total LOOP sources, two on-site independent SC3 Standby
Diesel Generators are provided. There are two independent SC2 DC load groups and one SC3
DC load group, each with an uninterruptible power supply to provide power to the respective SC2
and SC3 loads.

The emergency power systems consist of three independent SC1 DC divisions with
uninterruptible power supplies to provide power to SC1 loads.

The electrical system is designed with sufficient capacity to meet load requirements to support
FSFs. The design incorporates an appropriate D-in-D strategy to help meet availability and
reliability of the supported systems.

The function of the highest SC BWRX-300 electric subsystem is to provide power to the highest
SC 1&C system and any mechanical components needed to support the FSFs.

SC1 batteries in the R10 subsystem are designed to provide backup power for at least 72 hours.
The external connections provide for connection of Emergency Mitigating Equipment (also known
as FLEX equipment) as needed.

In addition to the safety design criteria and rules and regulations, the following issues specific to
the BWRX-300 electrical power systems are included:

e The design of the EDS is to provide for reliable power supply to all SC1, SC2 and SC3
loads during normal conditions.

e The EDS is divisionalized to help ensure that a division can be taken out of service and
not disrupt the operations of the plant.

e Battery power is provided to help ensure that monitoring equipment can be powered for
at least 72 hours following a Design Basis Event.

e SC3 Standby Diesel Generators are provided to supply backup power to loads.

e The BWRX-300 EDS has been designed to not be required to shut down and cool down
the reactor following a Design Basis Event.
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Figure 7-2: Electrical Distribution One-Line Diagram
Page 67 of 122



