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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:  

¶ 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  

¶ Assumes any responsibility for liability or damage of any kind that may result from any use 
of such information. 



005N9751 REVISION J 

 

Page 9 of 129 

1.0 INTRODUCTION 

GE Vernova Hitachi Nuclear Energy (GVH) is a leader in the global transition to sustainable 
power with the BWRX-300, the first Small Modular Reactor (SMR) currently under construction 
in the Western world. As the tenth generation of our proven Boiling Water Reactor technologyð
built on the legacy of excellence established by GE in 1955ðthe BWRX-300 represents an 
evolution of the U.S. Nuclear Regulatory Commission (US NRC)-licensed gigawatt scale 
ESBWR (1). 

With construction underway at Ontario Power Generationôs New Darlington site and advanced 
licensing progress in the United States with the Tennessee Valley Authority (TVA) and in Poland 
with decisions in principle to construct issued to ORLEN Synthos Green Energy (OSGE), the 
BWRX-300 is globally recognized as the premier choice for reliable, carbon-free energy. The 
BWRX-300 MWe is a water-cooled, natural circulation reactor offering a simple, safety-first 
solution that is economically competitive in todayôs dispatchable clean energy market. Whether 
supporting baseload electricity, load-following requirements, or industrial processes like hydrogen 
production and district heating, the BWRX-300 provides the versatility needed to meet the worldôs 
most demanding energy challenges, see Figure 1-1, BWRX-300 Applications.   

 

Figure 1-1: BWRX-300 Applications  

The BWRX-300 design improves the cost of construction, operation, maintenance, staffing, and 
decommissioning. Costs are reduced while maintaining world class safety by implementing a 
safety assessment framework structured on the five Defense Lines (DLs) of the International 
Atomic Energy Agencyôs (IAEAôs) Defense-in-Depth (D-in-D) methodology report (IAEA SSR-2/1, 
Safety of Nuclear Power Plants: Design (2)). GVHôs focus on reducing all aspects of cost was 
driven by discussions with multiple GVH customers who indicated that new nuclear is only 
expected to be built in significant quantities if it is cost-competitive with all forms of new energy 
generation. 

Focusing on cost was also borne out as the only path to significant new nuclear generation in a 
2018 Electric Power Research Institute report (EPRI 3002011803, Exploring the Role of 
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Advanced Nuclear in Future Energy Markets: Economic Drivers, Barriers, and Impacts in the 
United States (3)) and the Massachusetts Institute of Technology (MIT) research (The Future of 
Nuclear Energy in a Carbon-Constrained World (4)). 

A study by the International Energy Agency (Nuclear Power in a Clean Energy System (5)) and a 
study commissioned by Energy Northwest (Pacific Northwest Zero-Emitting Resources Study (6)) 
concluded that significant deployments of SMRs are critical to moving to a low carbon economy. 
Deploying cost-competitive new nuclear significantly reduces the overall cost of a low carbon 
future. 

The goal of GVHôs BWRX-300 is to help meet these capital cost targets while significantly 
improving the plant Levelized Cost of Electricity (LCOE) and levelized cost of heat while 
maintaining world class safety. By achieving these goals, GVH anticipates deploying a fleet of 
BWRX-300 reactors to provide a dispatchable cleaner economical source of power for decades 
to come. 

1.1 Sixty Years in the Making  

The BWR has its origins in technology developed in the 1950s by Argonne National Laboratory 
and GE. The ýrst BWR plant built by GE was the 5 MWe Vallecitos plant (1957) located near San 
Jose, California, United States. The Vallecitos plant conýrmed the ability of the BWR concept to 
produce electricity successfully and safely for a grid. The Vallecitos test facility success led to 
building the Dresden 1 plant located near Morris, Illinois, United States. Construction of this 180 
MWe plant began in 1956 with commercial power production achieved in 1960. The BWR design 
has subsequently undergone a series of evolutionary changes. Early changes focused on 
increasing power density and overall power output. Later changes focused on simplification. 

While the BWR had its genesis in the United States, it also sparked beginnings in other countries 
under the Eisenhower administration's ñAtoms for Peaceò initiative. As examples, the Japan 
Power Demonstration Reactor (JPDR) BWR introduced nuclear power to Japan, and the KAHL 
Nuclear Power Plant, which employed an indirect-cycle BWR using steam generators to produce 
turbine steam, was the first commercial nuclear power plant built in Germany. 

The advantage of the indirect-cycle was to avoid radioactive carryover from steam to the turbine, 
but operations from single (direct) and dual-cycle plants demonstrated that the process of boiling 
itself provided a natural separation process that tended to leave activated radioactive impurities 
in the vessel water, and this process was further enhanced with the introduction of in-vessel steam 
separation and a reactor water cleanup system. 

And so, during the 1950s and into the 1960s, when the BWR was in its infancy, it grew by exploring 
different options and design configurations, feeding back operating experience gained. As a 
result, standardization did not exist to the extent that it would for future product lines of the 
Generation II reactors. While the various Generation I BWR configurations successfully operated 
for many years, operating experience along with improvements in manufacturing capabilities 
eventually drove toward forced circulation, internal vessel steam separation, and direct-cycle 
BWRs as a standard configuration. 

The ever-evolving BWR design has been simpliýed in two key areas ï the reactor systems and 
the containment design. Table 1-1, Evolution of the GE Boiling Water Reactor chronicles the 
development of the BWR. 
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Table 1-1: Evolution of the G eneral Electric  Boiling Water Reactor  

Product 
Line  

First Commercial 
Operation Date  

Representative Plant/Characteristics  

BWR/1 1960 Dresden1  

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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Dresden 1 was based on a dual steam cycle rather than the direct steam cycle that characterizes 
later generation BWRs. Steam was generated in the reactor and þowed to an elevated steam 
drum and secondary steam generator before reaching the turbine. The ýrst step in BWR 
simplification was elimination of the external steam drum. This was achieved by two technical 
innovations, the internal steam separator, and the steam dryer at Gundremmingen (KRB-A, 
1967). The simplification of the design using technical innovations has been repeated with each 
new iteration. 

The ýrst large direct cycle BWRs (e.g., Oyster Creek) appeared in the late-1960s and were 
characterized by elimination of steam generators and the use of ýve external recirculation loops. 
Later plants were simpliýed by the introduction of internal jet pumps. These pumps boosted 
recirculation þow so that only two external recirculation loops were needed. Jet pumps ýrst 
appeared in the Dresden-2 BWR/3 plant. BWR/4, BWR/5, and BWR/6 designs continued the path 
to simplification with the changes shown in Table 1-1, above. 

The use of reactor internal pumps in the Advanced Boiling Water Reactor (ABWR) design 
represents another simplification. By using pumps attached directly to the vessel, jet pumps and 
external recirculation systems (with associated pumps, valves, piping, and snubbers) were 
eliminated. The ESBWR and its smaller predecessor, the Simplified Boiling Water Reactor 
(SBWR) are a result of the logical simpliýcation of using a taller vessel and shorter core to achieve 
natural recirculation flow without the use of pumps. 

The BWRX-300 continues the cost-saving advances of the SBWR and ESBWR with a tall vessel 
design to achieve natural circulation but without the need for a shorter core. This allows the 
BWRX-300 to use the same fuel bundle designs in use in the operating BWR fleet. Challenges to 
the integrity of the system are reduced by the large water inventory above the core in the Reactor 
Pressure Vessel (RPV). 

Figure 1-2, Boiling Water Reactor Design Evolution illustrates the evolution of the reactor system 
design. Most BWRs deployed to date have used forced circulation, including the BWR/1s through 
BWR/6s and the ABWR. Natural circulation plants have a separate lineage from the Vallecitos 
plant through Humboldt Bay and Dodewaard to the SBWR, ESBWR, and BWRX-300. 
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Figure 1-2: Boiling Water Reactor  Design Evolution  

The ýrst BWR containments were spherical, ñdryò structures. Dry-spherical and cylindrical 
containments are still used today in Pressurized Water Reactor designs. Future BWRs, including 
the ABWR and ESBWR, utilized a pressure suppression containment design that allowed for a 
smaller size and the ability to accommodate rapid depressurization of the RPV. The BWRX-300 
has gone back to the dry containment configuration because Isolation Condensers (ICs) manage 
RPV pressure and Safety Relief Valves have been eliminated (as described in Section 2.0). 

The Mark I containment used for BWR/3 (and most BWR/4 plants) was the ýrst of the pressure-
suppression containment designs. The Mark I design has a characteristic ñinvertedò light bulb 
conýguration for the steel drywell surrounded by a steel torus (the large pool of water for pressure 
suppression) housing. The conical Mark II design used for some late BWR/4 plants and BWR/5 
plants is a less-complicated arrangement allowing simplified construction. The Mark III 
containment design in BWR/6 plants represented a further improvement in simplicity; the 
containment structure is a right-circular cylinder that is easy to construct while providing access 
to equipment and space for maintenance activities. 

The ABWR containment is smaller than the Mark III containment because the elimination of the 
recirculation loops translates into a more compact containment and RB. The ESBWR containment 
is similar in design to the ABWR but is larger to accommodate the passive ECCS systems. 

The BWRX-300 containment is small and simple, which is achieved with surface-mounted integral 
RPV isolation valves to rapidly isolate the flow from a downstream pipe break to reduce pressure 
and temperature buildup in the containment. An Isolation Condenser System (ICS) removes 
energy from the RPV rather than directing that energy into a suppression pool. Figure 1-3, 
Evolution of Containment Design, illustrates the history of BWR containment (outlined in blue) 
and RB development. 
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Figure 1-3: Evolution of Containment Design  

1.2 Safety Concept and Defense -in-Depth  

BWRX-300ôs safety strategy is based on the safety principles set forth in IAEA SSR-2/1, Rev. 1, 
Safety of Nuclear Power Plants: Design (2). 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): 

¶ Power Operation 

¶ Startup 

¶ Hot Shutdown 

¶ Cold Shutdown 

¶ Refueling 

¶ Maintenance 

¶ 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 1E-2 per year. 

Therefore, this plant state is characterized as a condition initiated by active events 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 1E-5 per year but lower than 1E-2 per 
year and any events that are used as a design basis for DL3, regardless of whether the 
estimated frequencies are lower than 1E-5 per year. 

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

4. 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 
failure, 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 the safety features ensuring containment functionality. Analyses of DECs 
determine the requirements for this plant state, protective SSC performance, administrative 
restrictions, and plant safety margin quantification. 

The safety strategy incorporates international expectations for the design of new nuclear power 
plants that include rules for identification of specific plant states and relevant systems to cope with 
these plant states. It provides guidance for applying D-in-D concepts, including design extension 
conditions and practically eliminated conditions, and it addresses radiological acceptance criteria 
and implementation strategies. 

The approach aims to reduce doses to people and the probability of an early or large release of 
radioactivity outside the plant or site boundary because of postulated and potentially credible 
accident scenarios. The overall general safety objective is to protect people and the environment 
from harmful effects of ionizing radiation, consistent with IAEA SF-1, Fundamental Safety 
Principles, (7). 

One part of achieving the safety objective is to identify and protect FSFs that protect the public 
and the local community utilizing So Far As Is Reasonably Practicable (SFAIRP) principles to 
improve the safety of the plant, the environment, and the local community. Successful 
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performance of these functions prevents events from escalating from one DL to the next and 
thereby mitigates a radiological release. In other words, if the FSFs are performed successfully 
for a given pant scenario, then the corresponding physical barriers remain effective. The three 
FSFs for the BWRX-300 are: 

¶ Control of reactivity. 

¶ Removal of heat from the fuel (in the reactor, during fuel storage and handling, and 
including long-term heat removal). 

¶ Confinement of radioactive material, shielding against radiation, control of planned 
radioactive releases, and limitation of accidental radioactive releases. 

A combination of active, passive, and inherent safety features and functions, as well as design 
and operational practices, which reduce challenges to the physical barriers, maintain the integrity 
of the barriers when challenged and, in case a barrier is breached, help ensure the integrity of the 
remaining barriers. These features, functions, and practices are organized into the five Defense 
Lines defined in Table 1-2, Overview of Defense Line Objectives and illustrated in Figure 1-4, 
BWRX-300 Defense-in-Depth Concept, consistent with the IAEA approach. 

Table 1-2: Overview of Defense Line Objectives  

 
Defense  

Line  
Objective  

DL1 
Reduce potential for failures and initiating events to occur in the first place and reduce 
potential for failures to occur in subsequent lines of defense. 

DL2 
Actively control key plant parameters associated with FSFs and detect and mitigate 

AOO PIEs. 

DL3 
Detect and mitigate DBA PIEs and event sequences comprising AOO PIEs and failure 
of DL2 functions. 

DL4a 
Detect and mitigate DECs, including event sequences associated with some DBA PIEs 
and failure of DL3 functions. 

DL4b 
Detect and mitigate DECs to prevent core damage or mitigate the consequences of 
core damage events (severe accidents). 

DL5 
Employ emergency preparedness measures to protect the public from consequences of 
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 an 
FSF. 

¶ Systematically identify and categorize plant level safety functions and flow down 
requirements to SSCs delivering plant level safety functions. 

¶ Incorporate probabilistic risk assessment insights to select among design options, 
strengthen the design against previously known vulnerabilities, characterize the design, 
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and evaluate the balance in the design between severe accident prevention and 
mitigation, helping lead 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 accidents, 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 AOOs (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 on the safety systems 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 Failure (CCF). 

 

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 ñthe primary means of preventing accidents in a 
Nuclear Power Plant (NPP) and mitigating the consequences of accidents if they do occur.ò 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 
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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 a 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: 

¶ Physical barriers put in place to prevent release of radioactivity. Those barriers are 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. 

¶ 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. 

The physical barriers themselves represent multiple layers of defense against radioactive 
releases. In the BWRX-300 D-in-D concept, shown in Figure 1-4, the physical barriers are not 
themselves referred to as ñdefense lines.ò That term is reserved for the layers of defense 
comprising features, functions, and practices that protect the integrity of the barriers. In fact, the 
D-in-D concept is largely focused on identifying and organizing features, functions, and activities 
into DLs without explicit acknowledgment of the physical barriers. It should, however, be 
understood that the fundamental purpose of the layered DLs is to help ensure the integrity of the 
layered physical barriers. 

1.3 Classification of Structures, Systems, and Components  

The BWRX-300 safety classification process follows the guidance provided in CNSC 
REGDOC-2.5.2, Design of Reactor Facilities: Nuclear Power Plants (8). This process starts with 
identifying functions that impact nuclear safety, extends to assigning a safety category to those 
functions based on their importance to safety, and then assigning a Safety Class (SC) to the SSCs 
that perform those functions. Thereby establishing the importance of the SSCs. This importance 
is then reflected in the application of requirements to the SSCs that perform the safety functions. 

The design basis deterministic safety analyses are performed and updated iteratively with design 
activities to establish the plant-specific functions responsible for maintaining the FSFs during 
event sequences. 

Assignment of a function designed to mitigate one or more PIEs to a DL reflects its relative 
importance to safety and its role in maintaining the FSFs under off-normal conditions. As such, 
the safety categorization of mitigating functions is based on the DLs they support. The FSFs for 
the BWRX-300 are: 

¶ Control of reactivity 

¶ Remove heat from the fuel (in the reactor, during fuel storage and handling, and including 
long-term heat removal) 

¶ Confine radioactive materials 

Plant-level requirements are created for each DL function. These requirements are translated into 
system-specific functional requirements to implement the credited DL functions, consistent with 
the plant performance modeled in the safety analyses. These requirements are then allocated to 
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the applicable system design description where the components that carry out the system DL 
functions are identified. 

Primary functions are those that directly perform the FSFs in support of DL2, DL3, DL4a or DL4b. 
Some examples are given in Table 1-3, Overview of Safety Category Classification. Safety 
Categories are applied to the primary functions as follows: 

¶ Safety Category 1 is assigned to DL3 primary and integral functions. DL3 functions assure 
the integrity of the barriers to release, place, and maintain the plant in a safe state. 
Accordingly, DL3 primary functions are the most important from a safety standpoint. 

¶ 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 and have a higher consequence 
of failure than DL2 functions and are more important from a safety standpoint than DL2 
functions. 

¶ Safety Category 3 is assigned to DL2 and DL4b primary and integral functions as they are 
relatively the least important as well as some non-DL functions that are described in the 
paragraphs below. DL4b functions address severe accidents, which are extremely unlikely 
because failure of both DL3 and DL2 or DL4a functions would have to occur. Accordingly, 
DL4b functions are considered relatively the least important defense line functions. 

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

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

Integral support functions  are functions that support the primary function and are required to 
be performed concurrently with the primary function during the mission time of the primary 
function. Examples include: 

¶ Process system providing cooling water to the primary system or component to perform 
the function 

¶ Heating, Ventilation, and Air Conditioning system maintaining the temperature of a 
space or area within an acceptable range during performance of the primary function 
(i.e., following the initiating event) to maintain equipment in an acceptable condition 

¶ Provision of lubricating oil required for a component to perform properly 

¶ Provision of air or hydraulic pressure required for a component to perform its function 
(note that air/hydraulic pressure is not needed to perform the function if the pressure is 
relieved and the function is performed using another motive force (e.g., spring force)) 

¶ Provision of electrical power to a component. Note that functions that fail to the required 
position upon loss of power do not require electrical power as an integral support 
function 

Integral support functions are considered part of the DL function (and therefore subject to DL 
function independence requirements) and are assigned the same safety category as the primary 
function they support.  

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 
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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: 

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

¶ 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 DL function independence requirements but are 
subject to other function-related design rules based on the assigned safety category. 

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 a failure impacting the ability of a normal function to operate 
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 AMI variables (as defined by IEC/IEEE 63147 
(9)) are assigned the following safety categories: 

¶ Safety Category 1 is assigned to functions that support monitoring and display of AMI 
Type A variables unless a further evaluation is performed to justify a lower safety category. 

¶ Safety Category 3 is assigned to functions that support monitoring and display of AMI 
Types B - F variables. 

Table 1-3: Overview of Safety Category Classification  

Safety 
Category  

DL3 

Functions  

DL4a 

Functions  

DL2/4b 

Functions  

Normal  

Functions  

 Accident 
Monitoring 
Functions  

1 

Primary and 
Integral support 
functions 
initiated during 
the first 72 hours 
of an event 

   

Functions that 
support 
monitoring and 
display of AMI 
Type A variables, 
unless further 
evaluation is 
performed to 
justify a lower 
safety category 
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Table 1-3: Overview of Safety Category Classification  

Safety 
Category  

DL3 

Functions  

DL4a 

Functions  

DL2/4b 

Functions  

Normal  

Functions  

 Accident 
Monitoring 
Functions  

2 

Primary and 
integral support 
functions 
required after 72 
hours but before 
the end of 
seventh day 
after an event 

Primary and 
integral 
support 
functions 
initiated 
during the first 
7 days of an 
event 

   

3 

Primary and 
integral support 
functions 
initiated after 7 
days after an 
event 
 
Make-ready 
support 
functions 

Primary and 
integral 
support 
functions 
initiated after 
7 days 
 
Make-ready 
support 
functions 

All primary 
and integral 
support 
functions 

Normal functions 
that perform an FSF 
 

Normal functions 
that maintain key 
reactor parameters 
(e.g., pressure, 
temperature) within 
normal ranges 
 

Integral support 
functions 

Functions that 
support monitoring 
and display of AMI 
Type B, C, D, E, 
and F variables 

N   
Make-ready 
support 
functions 

Make-ready support 
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 SSCs that perform a Safety Category 1 function. 

¶ Safety Class 2 (SC2) is assigned to SSCs that perform a Safety Category 2 function. 

¶ Safety Class 3 (SC3) is assigned to SSCs that perform a Safety Category 3 function. 

¶ Non-Safety Class (SCN) is assigned to all other SSCs. 

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 is 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 an FSF are assigned to SC1. 
An example is the Reactor Pressure Vessel (RPV). 

2. Components that make up the fission product barriers, i.e., fuel cladding, RCPB, and 
containment, are assigned to SC1. 
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Based on USNRC 10 CFR 50.2 (10), RCPB includes ñall 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: 

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

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

¶ 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.ò 

3. 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 failure, due to loss of functionality of the structure, would result in fail-
safe performance of the componentôs safety category function(s). 

1.4 BWRX-300 Status  

1.4.1 Design Progress  

GVH has established a new standardized design and processes for adapting the standard design, 
creating variants based on region, country, customer, and site-specific 
requirements/standards. This standard design was used as the basis of the issuance of the 
License to Construct for the lead unit, Ontario Power Generationôs Darlington New Nuclear Project 
Unit 1, the Construction Permit Application for Tennessee Valley Authorityôs Clinch River Nuclear 
Unit 1, current interactions with Polandôs nuclear regulator and the first two steps of the United 
Kingdom regulatorsô Generic Design Assessment. 
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1.4.2 Licensing Strategy  

GVH developed a BWRX-300 standard plant design that can be licensed in the U.S., Canada, 
and Europe. Therefore, the BWRX-300 standard plant design is based, wherever possible, on 
meeting the requirements and guidance of the IAEA Safety Standards consisting of the three 
basic sets of IAEA publications: the Safety Fundamentals, the Safety Requirements, and the 
Safety Guides. While the first one of these establishes the fundamental safety objective and 
principles of protection and safety, the second sets out the requirements that are to be met to 
help ensure the protection of people and the environment, both now and in the future. The Safety 
Guides provide recommendations and guidance on how to comply with the requirements. 

The BWRX-300 standard plant design incorporates D-in-D in the design of the plant in 
conformance with INSAG-10, Defense in Depth in Nuclear Safety (11). The BWRX-300 Safety 
Strategy is based on the safety principles set forth in IAEA SSR-2/1 (2). Some of the IAEA Safety 
Guides that are a part of the BWRX-300 Safety Strategy include the following: 

¶ IAEA SSG-2, Deterministic Safety Analysis for Nuclear Power Plants (12) 

¶ IAEA SSG-30, Safety Classification of Structures, Systems and Components in Nuclear 
Power Plants (13) 

¶ IAEA SSG-53, Design of the Reactor Containment and Associated Systems for Nuclear 
Power Plants (14) 

Although every attempt is made to conform to the IAEA Safety Standards, there are cases where 
alternate approaches or exceptions are incorporated into the BWRX-300 standard plant design. 
Some of these are based on meeting more limiting country-specific regulations or guidance, while 
others are based on the specifics of the BWRX-300 technology where requirements or guidance 
are either not applicable or are not necessary to help meet the applicable safety goals. In addition, 
the BWRX-300 utilizes a design-to-cost approach that evaluates design alternatives that achieve 
the required safety goals to determine the most cost-effective design, construction, 
commissioning, operations, maintenance, inspection, testing, and decommissioning approaches 
for the BWRX-300 standard plant design. 

1.4.3 License Progress  

The BWRX-300 has undergone preapplication reviews with the United Kingdom (U.K.) Office for 
Nuclear Regulation, the USNRC and the Canadian Nuclear Safety Commission (CNSC). The 
purpose of these licensing preapplication activities is to present a standard design approach that 
helps meet regulatory requirements and guidance while increasing regulatory certainty. The 
review activities introduce the innovative design features and analysis methods used for the 
BWRX-300 prior to actual submittal of complete license applications. 

In Canada, the Vendor Design Review process confirmed that there are no fundamental barriers 
to licensing based on Canadian regulations and regulatory guidance. The Vendor Design Review 
process was completed in March 2023. There have been no significant issues representing 
barriers to licensing identified by CNSC to date. A License to Construct for one BWRX-300 reactor 
was approved by CNSC in April 2025.  The Pre-Operational Safety Analysis Report and Licence 
to Operate (LTO) application were submitted by the licensee to the CNSC in March 2026. 

In the U.S., a decision was made during the licensing preapplication process to submit Licensing 
Topical Reports (LTRs) for design features and analysis methods considered to have lower 
regulatory certainty. GVH has submitted a series of LTRs to increase the risk certainty of the 
licensing process for the BWRX-300 in the U.S. LTRs are used to obtain regulatory approval of 
key enabling technologies prior to performing detailed design activities. Additional LTRs are to be 
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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 2025 and accepted for review 
with an expected CP issuance timeline of December 2026. 

In the U.K., the BWRX-300 was 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 were assessed in order to confirm there are no óshow 
stoppingô shortfalls, paving the way for future site licensing and permitting activities in the UK. The 
regulatorôs assessment was completed in December 2025 with positive conclusions.  

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. 

GVH is supporting potential deployment of the BWRX-300 in Finland and 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, including topical-focused engagements with STUK and SSM 
through Fortum.  
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2.0 PLANT OVERVIEW 

The BWRX-300 builds on the success and lessons learned from over 60 years of BWR operating 
history. The important characteristics of the BWRX-300 include: 

¶ 10th generation BWR 

¶ Evolved from USNRC licensed ESBWR 

¶ Design-to-cost approach 

¶ Significant capital cost reduction per MW 

¶ World class safety 

¶ Capable of load following 

¶ Suitable for electricity generation and industrial applications, including hydrogen 
production 

¶ Constructability integrated into design 

¶ Reduced on-site staff and security 

¶ Licensable internationally 

The BWRX-300 improves innovation with technology readiness. It relies on fuel that is already 
licensed, currently in use globally, and used by the majority of the BWR fleet. The design improves 
material and manufacturing techniques while incorporating breakthrough passive and simple 
concepts. The result is a cost-effective advanced reactor design with world-class safety and 
economic performance that can be licensed and constructed in the near-term. It offers low risk in 
comparison to historical large Light Water Reactor (LWR) projects in the U.S., Europe, and Asia, 
and it promises to be highly competitive in the worldwide energy industry. 

The key simplifications of the BWRX-300 are the use of integral RPV isolation valves that mitigate 
the impacts of LOCAs and large capacity ICs that provide over pressure protection without the 
need for safety relieve valves. The ICs also act as the ECCS, utilize natural circulation, and require 
no Alternating Current (AC) power to perform their functions. 

A cutaway of the BWRX-300 RB is shown in Figure 2-1, BWRX-300 Reactor Building Cutaway. 
An artistôs rendering of the major systems and how those systems interconnect is shown in Figure 
2-2, BWRX-300 Schematic. 
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Figure 2-1: BWRX-300 Reactor  Building  Cutaway
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Figure 2-2: BWRX-300 Schematic
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2.1 Unique Design Features  

Though mostly traditional in BWR design, the BWRX-300 includes several design features that 
simplify the design and support reduced costs. These features include: 

1. Integral RPV isolation valves: The BWRX-300 RPV is equipped with isolation valves that 
are integral to the RPV that rapidly isolate a ruptured pipe to help mitigate the effects of 
an LOCA. All large fluid pipes with RPV penetrations are equipped with double isolation 
valves that are integral to the RPV. 

2. No Safety Relief Valves (SRVs): SRVs have been eliminated from the BWRX-300 design. 
The large capacity ICS in conjunction with the large steam volume in the RPV provides 
overpressure protection in accordance with American Society of Mechanical Engineers 
(ASME) Boiler and Pressure Vessel Code (BPVC), Section III, Class 1 equipment. 
Historically, BWR SRVs have been the most likely cause of a LOCA but have been 
eliminated from the BWRX-300 design. 

3. Dry containment: The BWRX-300 has a dry containment. This has been proven to 
effectively contain the release of steam, water, and fission products after a LOCA. 

4. Design-to-cost: The BWRX-300 has been designed with cost and constructability in mind 
from the start, beginning with a simplified system layout that requires fewer safety systems 
and safety-related pools of water. This concept has also been adapted to fit commercial 
building standards and cost and labor-efficient construction techniques for underground 
structures. The design has been improved for constructability. 

5. Use of commercial off-the-shelf equipment: Due to its smaller size, the BWRX-300 has 
been designed to use more commercial off-the-shelf equipment than previous BWRs. For 
instance, the turbine and generator models have been used on many fossil plant projects, 
such as combined-cycle combustion turbine sites, and can be used for this plant with small 
modifications. This helps lead to lower costs. 

2.2 Key Features  

Key features of the BWRX-300 compared to the ABWR and ESBWR are shown in Table 2-1, 
Comparison of Key Features. 

Table 2-1: Comparison of Key Features  

Feature  
Advanced Boiling 

Water Reactor  

Economic 
Simplified Boiling 

Water Reactor  
BWRX-300 

Plant Type Direct Cycle BWR Direct Cycle BWR Direct Cycle BWR 

Plant Gross Electrical Output ~1,350 MWe ~1,600 MWe ~316 MWe 

Reactor Thermal Output 3,926 MWth 4,500 MWth 870 MWth 

Reactor Coolant 
Recirculation 

Reactor Internal 
Pumps 

Natural Circulation Natural Circulation 

Reactor Operating Pressure 7.2 MPa (abs) 7.2 MPa (abs) 7.2 MPa (abs) 
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Table 2-1: Comparison of Key Features  

Feature  
Advanced Boiling 

Water Reactor  

Economic 
Simplified Boiling 

Water Reactor  
BWRX-300 

Reactor Vessel 
Extensive use of 
forged rings 

Extensive use of forged 
rings 

Extensive use of forged 
rings; integrated 
isolation valves 

RPV Diameter (ID) 7.1 m 7.1 m 4 m 

RPV Height (Inside) 21.0 m 27.6 m 27 m 

Fuel Type GE14 GNF2e GNF2 

Number of Fuel Bundles 872 1,132 240 

Control Blade Type 
Cruciform 

B4C or Hf 

Cruciform 

B4C or Hf 

Cruciform 

B4C or Hf 

Control Rod Drive (CRD) 
Type 

FMCRD FMCRD FMCRD 

Number of Control Rods 205 269 57 

Steam Conditioning 

AS-2B Steam 
Separators 

Chevron Steam Dryer 

AS-2B Steam 
Separators 

Chevron Steam Dryer 

AS-2B Steam 
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 

Shutdown Cooling 

3-Division Residual 
Heat Removal System 

Safety-related  

Non-Safety related  SC3 

Primary Containment Vessel 
Cooling System 

3-Division Residual 
Heat Removal System 

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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3.0 NUCLEAR STEAM SUPPLY SYSTEMS AND COMPONENTS  

The BWRX-300 plant is composed of several mechanical systems which are improved for cost 
and performance to help meet the project design-to-cost objectives. 

3.1 Nuclear Boiler System  

The BWRX-300 is designed with the proven supply chain of the ABWR (Status Report 98 ï 
Advanced Boiling Water Reactor II (ABWR II), Section 2.2 (15)) and predesigned features from 
the ESBWR (Status Report 100 ï Economic Simplified Boiling Water Reactor, Sections 2.4, 2.5, 
7.3, and 7.4 (16)) for its primary circuit or Nuclear Boiler System (NBS). The NBS consists of three 
subsystems: RPV system, Main Steam (MS) system, and the NBS instrumentation system. 

The primary functions of the NBS are to: 

¶ Deliver steam from the RPV to the turbine MS system 

¶ Receive Feedwater (FW) from the Condensate and Feedwater Heating System (CFS) to 
the RPV 

¶ Provide overpressure protection of the RCPB 

¶ Provide core support structure to enable the control rods to stop the nuclear reaction when 
driven in the core by their respective Hydraulic Control Units (HCUs) 

¶ Provide the flow path to enable the core coolant to keep the core cooled using natural 
circulation 

The NBS supports the safety design philosophy for the mitigation of LOCAs. It is built on utilization 
of inherent margins (e.g., larger water inventory) to eliminate system challenges and reduce the 
number and size of RPV nozzles as compared to predecessor designs. All nozzles are located 
significantly above the level of active fuel, and the flanged Reactor Isolation Valves (RIVs) are 
closer to the RPV compared to preceding designs. The relatively large RPV volume along with 
the relatively tall chimney region provide a substantial reservoir of water above the core. With the 
elimination of large pipes attached to the RPV below the core elevation, the BWRX-300 has no 
core uncovery accident scenario, even the most limiting LOCA. Thus, there is no concern over 
peak fuel clad temperature after an accident. The calculated Peak Cladding Temperature for all 
accident scenarios remains less than 1204 °C (2200 °F). These design features preserve reactor 
coolant inventory to help ensure that adequate core cooling is maintained. The large RPV volume 
enhances safety by reducing the rate at which reactor pressurization occurs if the reactor is 
suddenly isolated from its Normal Heat Sink (NHS). 

3.1.1 Reactor Pressure Vessel  

The RPV forms a major part of the RCPB, contains the path for reactor coolant flow through the 
fuel, and generates steam to drive the High Pressure (HP) and Low Pressure (LP) turbines. Flow 
through the core is by natural circulation; pumps are not required to force reactor coolant through 
the RPV. Natural circulation is enabled by a tall chimney between the top of the core at the top 
guide to the bottom of the steam separators. The RPV design is such that the level of all nozzles 
is located significantly above the top of active fuel. 
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The RPV is a vertical, cylindrical pressure vessel fabricated with forged rings and rolled plate 
welded together, with a removable top head, head flange, seals, and bolting. The vessel also 
includes penetrations, nozzles, and the shroud support. The RPV has a minimum inside diameter 
of approximately 4.2 m, a wall thickness of approximately 13.54 cm with cladding, and a nominal 
inner height of approximately 27.36 m. The bottom of the active fuel region is approximately 5.12 
m from the bottom of the vessel, and the active core is 3.8 m high.  

The BWRX-300 RPV assembly, shown in Figure 3-1, BWRX-300 Reactor Pressure Vessel and 
Internals, consists of the RPV with nozzles, integral RIVs, and its other appurtenances, a 
removable head, the reactor internals, and supports. 

The RPV instrumentation monitors the conditions within the RPV over the full range of reactor 
power operation and shutdown conditions. The RPV, together with its internals, provides guidance 
and support for FMCRDs. 

 

Figure 3-1: BWRX-300 Reactor Pressure Vessel  and Internals  
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3.1.1.1 Reactor Internals 

The major reactor internal components include: 

¶ Core (control rods and nuclear instrumentation) 

¶ Core support and alignment structures (shroud, shroud support, top guide, core plate, 
control rod guide tube, and orificed fuel support) 

¶ Chimney 

¶ Chimney head and steam separator assembly 

¶ Steam dryer assembly 

Except for the Zircaloy in the reactor core, the reactor internals are made of stress corrosion 
resistant stainless steel or other high alloy steels. The fuel assemblies (including fuel rods and 
channels), control rods, chimney head, steam separators, steam dryer, and in-core 
instrumentation assemblies are removable when the RPV is opened for refueling or maintenance. 

The RPV internals are described from the bottom to the top of the RPV below: 

¶ The Control Rod Drive Housings (CRDHs) provide the extension of the RPV pressure 
boundary at the bottom head for installation of FMCRDs, shown in Figure 3-1. They also 
support the weight of an FMCRD, control rod, control rod guide tube, thermal sleeve, 
orificed fuel support, and four fuel assemblies. Finally, they provide the ports for the 
attachment of FMCRD hydraulic supply lines. 

¶ The control rod guide tube fits in holes in the core plate and rests on the CRDHs that are 
welded to the reactor bottom head. They provide the lateral support and channel water to 
the control rods, shown in Figure 3-1 and Figure 3-2, Cutaway View of Reactor Core, as 
they move up and down within the core to change the reactor power levels. The control 
rod guide tube also provides vertical support to the orificed fuel supports four fuel bundles 
landed on the orificed fuel supports. 

¶ The orificed fuel supports, shown in Figure 3-2, rest inside the respective control rod guide 
tube with a flanged top that sets down onto the control rod guide tube top end to transfer 
vertical load. They provide a seat for the lower end of each fuel assembly to rest, provide 
cruciform slots to maintain alignment of a fully withdrawn control rod and guide the control 
rod blade as it raises or lowers to respectively decrease or increase reactor power. The 
orificed fuel support slots are crucial to keeping the control blades properly aligned 
between the four bundles for rapid insertion into the core from fully withdrawn. 

¶ The shroud support is a circular assembly with vertical legs that are welded to the reactor 
bottom head. The shroud support provides vertical and lateral support for the shroud and 
other components like the top guide and core plate. It also supports the chimney, chimney 
head, and steam separator assembly. 

¶ The core plate, shown in Figure 3-2, is at the bottom of the reactor core area. It provides 
the lateral support for the fuel assemblies and control rods through the orificed fuel 
support, provides vertical and lateral support for the nuclear instrumentation and provides 
both vertical and lateral support for the startup sources as well as the peripheral fuel 
supports and fuel bundles. The core plate is between the shroud support and the shroud; 
these three pieces are bolted together. 
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¶ The shroud and chimney, shown in Figure 3-1, make up a stainless steel, cylindrical 
assembly that provides a partition to separate the upward flow of coolant through the core 
from the downward recirculation flow. This partition separates the core region from the 
downcomer annulus. The volume enclosed by this assembly is characterized by three 
regions. The shroud provides horizontal support for the core. 

¶ The top guide, shown in Figure 3-2, is at the top of the reactor core. It provides the lateral 
support for the fuel assemblies, nuclear instrumentation, startup sources, and control rods. 
The top guide is between the shroud and the chimney barrel; these three pieces are bolted 
together. 

¶ The chimney is a long cylinder mounted to the top guide that supports the steam separator 
assembly, shown in Figure 3-1. The chimney provides additional downcomer height for 
the driving head necessary to sustain natural circulation flow. The chimney forms the 
annulus separating the subcooled recirculation downward flow from the upward steam-
water mixture flow exiting the core. The recirculation flow consists of reactor coolant 
returning from the steam separators and FW makeup. The chimney cylinder is flanged at 
the bottom and top for attachment to the top guide and the chimney head, respectively. 

¶ The chimney head and steam separator assembly form the top of the core discharge 
mixture plenum. The discharge plenum provides a mixing chamber to homogenize the 
steam-water mixture before it enters the steam separators. Individual stainless steel axial 
flow steam separators are supported on and attached to the top of standpipes that are 
welded onto the chimney head. 

¶ The steam separators have no moving parts. In each separator, the steam-water mixture 
rising through the standpipe passes through vanes to separate the water from the steam. 
The separated water flows from the lower portion of the steam separator into the 
downcomer region. The separator assembly is removable from the RPV for refueling and 
other in-vessel activities. 

¶ The steam dryer assembly, shown in Figure 3-1, removes the moisture from the steam 
before it exits the reactor. The steam dryer is supported by a set of four brackets equally 
spaced around the vessel shell internal wall. The dryer support ring rests on these 
brackets. Additional hold-down brackets are mounted inside the vessel head to restrain 
vertical movement of the dryer under seismic or dynamic loads. These four hold-down 
brackets are installed so that they are over the lifting lugs of the steam dryer. Horizontal 
motion due to seismic or dynamic loads is limited by a set of four seismic blocks mounted 
to the steam dryer support ring. The moisture content is lower than 0.1% at 100% reactor 
power when the steam leaves the reactor on its way to the turbine. 
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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 RIV 
design has the following design features: 

¶ 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 failure of a single component prevents the RIVs from performing their designed 
function 

¶ Automatically actuated using SC1 controls 

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

The RIVs are directly connected to the RPV nozzles for the MS subsystem, the Reactor Water 
Cleanup System (CUW), the supply and return lines of the ICS system, and the FW System. 
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The RIVs close to limit the loss of coolant from large and medium pipe breaks. The RIV concept 
consists of two RIVs in series. Each of the RIVs is independently able to isolate the line. Generally, 
upon loss of power, the RIVs move to the closed position. However, the RIVs for the ICS steam 
supply and condensate return lines are exceptions. The ICS RIVs remain as-is because they 
perform safety functions during many transient and LOCA events. The fail-as-is RIVs for the ICS 
steam supply and condensate return piping automatically close on indication of a break in the ICS 
train in which the RIV is located. 

The RIVs are mounted in a double valve body made from an integral assembly connected via a 
flange. The valve body or bodies are attached to the RPV using flanged connections. The valve 
body or bodies are within the ASME BPV Code Section III, Class 1 RPV assembly. For piping 
that have RIVs, the closest piping terminal end (high stress and fatigue location) to the RPV 
assembly is located outboard of each set of two in-series RIVs. Figure 3-3, BWRX-300 Reactor 
Pressure Vessel Isolation Valve Design, depicts the RIVs using flanged connections to the RPV. 

 

Figure 3-3: BWRX-300 Reactor Pressure Vessel Isolation Valve Design  
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3.1.1.3 Reactor Pressure Vessel Head Vent Subsystem 

The BWRX-300 RPV design includes internal piping routed from the inside of the top of the RPV 
steam dome area to below the RPV shell flange. The Head Vent piping penetrates the RPV 
through a nozzle on the side of the reactor, which is then welded to an external pipe that is 
connected to the two flange-mounted RIVs in series with a single valve body. 

During normal operations, non-condensable gases in the steam dome area are vented through 
the Head Vent piping to a Main Steam Line (MSL). During reactor shutdown periods, reactor water 
level can be measured using the vent connection as the upper tap for the level instrumentation 
sensor. During cold shutdown, filling of the vessel for flood up and hydrostatic testing is performed 
using the RPV vent. Non-condensable gases are vented to the drywell equipment sump while the 
connection to the steam line is blocked. When draining the vessel during shutdown, air enters the 
vessel through vacuum breakers in the vent line. 

3.1.2 Main Steam Subsystem  

The MS subsystem consists of two steam lines from the discharge flange of the outboard Main 
Steam Reactor Isolation Valves (MSRIVs) to the Turbine Stop Valves (TSVs), the Turbine Bypass 
Valves (TBVs), the MSL drains, and other load isolation/maintenance valves. The supply lines to 
these loads, all connecting branch lines up to and including their respective isolation valves, and 
all associated piping supports are also part of the MS subsystem. 

The MSL drains drain any condensate from the MSLs to the main condenser during startup, low 
power operation, normal power operation, and shutdown. A reduction in power to a low-level 
results in the automatic opening of the air-operated drain line valves, thereby establishing drain 
flow to the main condenser. 

3.1.3 Nuclear Instrumentation  

The nuclear (core) instrumentation consists of the Local Power Range Monitors (LPRMs), GTs, 
and Wide Range Neutron Monitors (WRNMs). 

The are 13 vertical strings of LPRMs arranged radially throughout the BWRX-300 core. Each 
string has four LPRMs equally spaced vertically and equally along the height of the core. The 
LPRM strings are located between the corners of the fuel channels of the adjacent four fuel 
bundles. The total number of 52 LPRMs are divided into the three divisions such that each division 
gets an approximately equal number of vertical and radial LPRM core locations. 

GTs are in-core devices that convert local gamma flux to an electrical signal; gamma flux is 
representative of core thermal power. It represents a completely diverse technology to the neutron 
detecting LPRMs. The GTs are co-located in the instrument tubes with the 13 LPRM strings. The 
GTs are axially located next to each of the four LPRMs, between each LPRM and between the 
lowest LPRM and core bottom. This totals eight GTs in each of the 13 LPRM strings. There are a 
total of 104 GTs measuring dispersed radial and axial local power in the core. 

The ten WRNM detectors are distributed radially in the core at fixed heights. Each detector is 
sensitive to neutrons from fluxes below criticality to greater than 100% thermal power ï a range 
of over 11 decades. At low power levels, the WRNMs produce pulse signals; as power increases, 
the signal becomes a voltage level proportional to the power level. 

See Figure 3-4, Axial Sensor Core Placement, and Figure 3-6, Core Map and Instrumentation 
Layout, for core instrumentation placement. Figure 3-5, Nuclear Instrumentation Ranges, 
illustrates optimal ranges for the BWRX-300 nuclear instrumentation. 



005N9751 REVISION J 

 

Page 37 of 129 

 

 

Figure 3-4: Axial Sensor Core Placement  

  

Figure 3-5: Nuclear Instrumentation Ranges  
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Figure 3-6: Core Map and Instrumentation Layout  
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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 a failure 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 FMCRD function. The 
FMCRD does not interfere with refueling and is operative even when the head is removed from 
the RPV. 

The FMCRDs are leveraged for power changes and shimming during the course of normal 
operations. The speed limitations of the FMCRDs limit power maneuvers to (at most) 0.5% 
power/minute for load following between 50-90% power or 2% power/minute for load changes 
between 90-100% power. FMCRDs can also be utilized for Selected Control Rod Rapid Insertion 
(SCCRI) where selected banks of rods can be driven in rapidly to reduce reactor power with a 
speed of about 0.8% power/second for transients. This allows for rapid power reductions without 
a full reactor scram. 

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 the 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 ICs is shown in Figure 3-8, Isolation Condenser 
System. 

 

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 failure). 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 continues 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 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, with 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 the 
concrete below 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 integrity and reliability of the SCCV, 
plus 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. 
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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 ensure the containment bulk average 
temperature is maintained according to technical specifications. CCS maintains the normal 
temperature operating envelope in the SCCV to help ensure initial conditions assumed in safety 
analyses are met and help meet that environmentally qualified equipment is within the design 
envelope in operating modes in which 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 only one train of CWE or one train of CCS. 

The SCCV is purged with nitrogen before startup and kept inert 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; however, it 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 atmosphere 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 atmosphere to the PCCS by 
natural circulation and condensation. 

The PCCS consists of three independent trains of Low Pressure (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 as a diverse means of making the reactor subcritical. 
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The BIS consists of a storage tank, test tank, injection pump, piping, valves, and I&C necessary 
to prepare and inject a neutron absorbing solution into the reactor and to test the system. The 
injection line contains an air-operated injection valve and a check valve as the outboard and 
inboard containment isolation, respectively. 

The BIS is manually or automatically initiated. The system is designed to prevent unintentional or 
accidental injection of the borated solution. 

The BIS is manually initiated from the MCR as directed by the emergency operating procedures if 
the operator believes the reactor cannot be shut down, or kept shut down, with the control rods. 
Manual actuation of the system requires a conscious operator action, and the design is such that 
a single operator can readily initiate the system into the injection mode.  

The BIS is automatically initiated based upon predetermined parameters. The automatic initiation 
is time-delayed providing the operator an opportunity for manual intervention. Automatic initiation 
is suspended based upon predetermined parameters. 

3.8 Reactor Water Cleanup System  

The CUW provides blowdown-type cleanup flow for the RPV during reactor power operating 
mode. Cleanup filtration and ion removal are performed by the Condensate and Feed System 
(see Section 5.1.6, Condensate and Feedwater System). The CUW also provides an over-
boarding flow path to either the condenser hot well or liquid radwaste directly from the RPV lower 
region to control water level during startup. CUW suction piping can be used to reduce reactor 
temperature stratification with reverse flow from the Shutdown Cooling System; additionally, it is 
used for post-BIS activation cleanup of the primary coolant. 

The CUW system consists of one train fed by two suction nozzles located on the RPV. The trainôs 
suction is independently connected to RPV penetrations located at about the mid-vessel height 
and takes suction from nozzles located near the RPV bottom head. The piping from the suction 
nozzles combines inside containment to form a single line; this line is provided with a containment 
isolation valve where it penetrates containment. This valve receives signal from the CUW leak 
detection system and closes upon detection of a leak. 

Major components of the CUW system are the CUW HX and pressure reduction station. The 
CUW HX is a Regenerative Heat Exchanger (RHX) cooled by FW flow. The RHX and pressure 
reduction station are designed to condition the water to acceptable temperatures and pressures 
for processing in the condensate system or over-boarding. The RHX is designed to recover heat 
back to the vessel. Discharge piping is connected either to a condensate line for the normal CUW 
function or routed to either the condenser hotwell or liquid radwaste for over boarding. 

3.9 Shutdown Cooling System  

The Shutdown Cooling System (SDC) provides for decay heat removal when shutting down the 
plant for refueling or maintenance. The system is also used to reduce RPV inventory, to assist 
with getting natural circulation in the reactor flowing during startup and can be used in conjunction 
with CUW piping to reduce RPV thermal stratification. 

The SDC system is comprised of two independent pump and HX trains. These trains together 
provide redundant decay heat removal capacity such that each train is designed to remove 100% 
of decay heat as soon as 4 hours after reactor shutdown. The major components of each train 
are a pump and a HX, along with valves, piping, I&C, and power inputs. The two trains operating 
in parallel provide the systemôs full rated Shutdown Cooling performance. Bypass lines and valves 
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are included around the tube side of each HX to allow bypassing of the HX for other SDC 
functions, such as reducing RPV thermal stratification. 

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 is 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. It is 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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4.0 FUEL AND FUEL CYCLE  

The BWRX-300 core design includes a 240-bundle configuration. The core uses Global Nuclear 
Fuelôs GNF2 (GNF2 (17)) fuel assemblies because they have low hydraulic resistance, which 
benefits natural circulation. The fuel rod configuration (shown in Figure 4-1, GNF2 Four-bundle 
Cell and Lattice Array) has equal spacing between the control rod and non-control rod sides of 
the fuel bundle (N-lattice). This configuration provides more shutdown margin for variations in 
burnup histories imposed by load following. 

 

Figure 4-1: GNF2 Four -bundle Cell  and Lattice Array  

4.1 Core Configuration  

The reactor core of the BWRX-300 is arranged as an upright cylinder containing fuel assemblies 
located within the core shroud. The coolant flows upward through each fuel assembly. The 
BWRX-300 reactor core includes fuel assemblies, control rods, and nuclear instrumentation. The 
fuel assembly and control rod mechanical designs are the same as existing operating GE BWRs. 

4.2 Fuel Assembly Description  

A BWR fuel assembly consists of a fuel bundle and a coolant channel. The fuel bundle contains 
the fuel rods and the hardware necessary to support and maintain spacing between fuel rods. 
The channel is a Zircaloy box surrounding the fuel bundle and directing core coolant flow through 
the bundle; it also serves to guide the movable control rods. 
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The BWRX-300 GNF2 design is a 10x10 array of 78 full-length fuel rods, 14 part-length rods and 
two large, central water rods. The low core power density of BWRX-300, enhanced natural 
circulation flow, and higher FW temperature maintains thermal-hydraulic stability. 

Figure 4-2, GNF2 Fuel Bundle shows the GNF2 fuel bundle design with major components 
identified. This figure shows the bundle in a horizonal orientation, but during storage and 
operation, the bundles are in a vertical position. 

 

Figure 4-2: GNF2 Fuel Bundle  

The cast stainless steel lower tie plate has a conical section to promote seating into the orificed 
fuel support. Multiple spacer grids along the length of the fuel assembly maintain the proper fuel 
rod spacing. A debris filter in the lower tie plate prevents foreign material from entering the flow 
channel and potentially damaging the fuel cladding. The cast stainless steel upper tie plate is also 
a spacer grid and provides the bundle lifting handle. 

The fuel assembly is held together by eight tie rods located around the periphery of the fuel bundle 
(see Figure 4-1 for cross-sectional view for part, full, tie, and water rod arrangement within a 
bundle and bundle orientation within a four-bundle cell). In all but 12 peripheral locations, fuel 
bundles are arranged in a four-bundle grouping around a control blade. Figure 4-1 shows a 
horizontal cross-section of four-bundle cells. The four squares with rounded corners are the 
channels. The black cross that the four bundles surround is the control blade. 

4.3 Fuel Handling and Refueling Process  

The BWRX-300 fuel handling and refueling process takes advantage of historical BWR practices. 
Figure 4-4, Refueling Floor (Reactor Building Roof and Polar Crane removed), depicts the 
refueling floor. Figure 4-5,  Refueling Floor (Reactor Building Roof removed), depicts the refueling 
floor with the polar crane overhead.  

The refueling process is an intricately scheduled series of tasks following shut down of the reactor 
and cooldown of the vessel to cold shutdown. The equipment storage pool gate is installed, and 
the fuel pool gate is verified closed. The reactor cavity pool is drained, decontaminated; then, the 
containment head is detensioned and removed to storage. The reactor vessel insulation package 
is removed to storage and the refueling bulkhead vent and manway plugs are installed and leak 
checked. The reactor vessel head detensioning rig is installed, the RPV head is detensioned, the 
studs removed and removed to storage. The vessel flange is inspected, and a protective cover is 
placed over the seal area and the internal head vent port. The refueling bellows and bulkhead 
drain valves are closed and the reactor cavity is flooded through the vessel with the condensate 
system pumps. After the cavity, equipment pool and fuel pools are at equal levels, the equipment 
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pool and the fuel pool gates are opened and stored. The dryer/separator strongback is rigged to 
the polar crane, and the dryer is removed from the vessel and stored in the equipment pool. The 
auxiliary platform is brought over the vessel, and the steam separator is unlatched and prepared 
for removal. The polar crane with the D/S strongback is latched to the separator and it is removed 
from the vessel and stored in the equipment pool.  The core is now exposed and ready for fuel 
movement.   

The Refueling Platform is a specialized gantry crane containing a main fuel handling hoist and 
two auxiliary hoists for vessel and pool maintenance work. The Refueling Platform spans the RPV 
and storage pools on tracks on the refueling floor. A telescoping mast and grapple suspended 
from a trolley system lift and orient fuel assemblies for placement either in the core or in storage 
racks in the fuel pool. A three-axis position indicating system is provided to the platform operator 
to locate the grapple over the vessel core to avoid a collision with pool obstacles. The mast has 
a camera inside the grapple to visually verify the serial numbers on the fuel, which is a fuel moving 
requirement. A redundant auxiliary camera system can be mounted on the mast and used for 
orientation in the core if needed. The fuel grapple is designed with finger hooks that grapple under 
the fuel bail handle. Multiple interlocks are provided on the refueling machine to prevent 
mishandling of the fuel assemblies. Prior to moving fuel, the Refueling Platform is tested by 
procedure to help ensure all interlocks are functional. Fuel movement is conducted by qualified 
personnel in accordance with a specific plan to help ensure the core remains in a stable shutdown 
condition. Fuel movement is usually in two stages; core off load for maintenance and core reload 
for operation.  A full core off load may also be planned for the outage, as required. Fuel is moved 
into the fuel pool for discharge and cooling prior to placing it in a cask for outside storage. 
Following core set up for maintenance, technicians will perform control rod blade shuffles or 
replacements and power sensing instrument removal and replacement as needed. In service 
inspection teams will inspect required elements of the vessel per the vessel inspection plan during 
the maintenance window. When all in vessel maintenance is complete, the final core 
shuffle/reload will commence. New fuel is brought into the core and placed during reload. Upon 
completion of fuel movement operations, procedures require verification of each individual fuel 
assembly serial number, and verification that each is installed in the correct position and 
orientation consistent with the core reload analysis. 

New fuel is shipped into the plant on trucks from the fuel facility in specialized transport containers. 
The shipping container is a steel box with an inner steel container holding two fuel bundles. The 
fuel bundles are removed on the refuel floor with a fuel inspection team. The polar crane is used 
to place the internal fuel box in the fuel up righting stand and secured. The individual fuel bundles 
are removed by the crane and placed on the inspection side of the stand where they can be 
inspected for use. When the bundles are cleared by the inspectors, a channel up righting hoist 
lifts a fuel channel above the fuel bundle, and the inspectors install a channel on each bundle. 
Each bundle is then transported by the crane and installed in the fuel prep machine. The prep 
machine carriage is lowered, and the Refueling Platform operator picks the fuel out of the prep 
machine, installing it in the fuel rack in the correct location and orientation per the fuel moving 
plan.  

Storage racks in the fuel pool provide for the short-term and long-term storage of new or used 
fuel and associated equipment. The fuel storage racks are designed with boron in the metal and 
spaced to prevent inadvertent criticality. Fuel racks are in the fuel pool, as shown in Figure 4-3, 
Fuel Pool Arrangement and Fuel Inspection Stand.  The racks are top loading, with a fuel 
assembly bail extended above the rack. The fuel racksô storage capacity is approximately 275% 
of a complete reactor core, or 600 fuel storage positions. This capacity is equivalent to eight years 
of refueling operations plus a full core off-load and new fuel storage. The fuel racks maintain a 
subcriticality margin of at least 5% ȹk/k under dry or flooded conditions. The rack arrangement 
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prevents accidental insertion of fuel assemblies between adjacent racks and is spaced to allow 
flow between assemblies such that pool water does not exceed 100 °C. The Fuel Pool Cooling 
and Cleanup System provides cooling and filtering of the water in the pool.  

Long-term storage of used fuel is accomplished by using dry cask storage canisters located in an 
on-site independent spent fuel storage facility. A typical spent fuel storage facility has a capacity 
of 28 canisters at 89 bundles each for a total of 2,492 fuel bundles. Fuel canister movement 
activities are typically scheduled every 3-4 years and performed while the plant is at power. (Note: 
There are several dry fuel storage systems and the number of bundles stored per canister may 
vary.) 

After fuel installation verification, the vessel internals are reinstalled. The pool gates are 
reinstalled, and the cavity is drained and decontaminated. The RPV flange is cleaned, and new 
seals are installed in the reactor head. The reactor head is reinstalled and tensioned. The 
insulation package is reinstalled, and the containment closure head is installed.  Leak tests are 
performed to verify that primary pressure boundaries and containment pressure boundaries are 
intact. The reactor cavity pool is then flooded, and the gates are reopened. The reactor is ready 
for heat-up, criticality, and power ascension. 

Refueling outages are usually 10-15 days based on the number of fuel assemblies to be replaced 
considering plant cycle duty. The cycle time can vary between 12 and 24 months depending on 
the operating strategy. About 32 bundles are replaced following a 12-month cycle and 72 bundles 
following a 24-month cycle. 

A major equipment inspection outage of 25 days is anticipated every 120 months to perform 
turbine inspections and in-service inspection of the RPV and internals. 

 

Figure 4-3: Fuel Pool Arrangement  and Fuel Inspection Stand  
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Figure 4-4: Refueling Floor (Reactor Building Roof and Polar Crane removed)  

 

Figure 4-5: Refueling Floor (Reactor Building Roof removed)  
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5.0 BALANCE OF PLANT  

The BWRX-300 Balance of Plant (BOP) systems are configured like those in use throughout the 
BWR fleet adjusted for gross power output. The gross power of ~315 MWe eliminates the need 
for custom designed turbines and generators as standard frame sizes are available from turbine-
generator set manufacturers. 

5.1 Steam and Power Conversion System  

5.1.1 Main Steam  

The BWRX-300 MS subsystem is part of the NBS (see Section 3.1.2, Main Steam Subsystem) 
and consists of two steam lines from the discharge flange of the outboard MSRIVs (Figure 5-1, 
BWRX-300 Reactor Building Main Steam 3D View) to the TSVs (Figure 5-2, BWRX-300 Turbine 
Building Main Steam Top 3D View), the turbine bypass valves, the MSL drains, and other load 
isolation/maintenance valves. The supply lines to these loads, all connecting branch lines, up to 
and including their respective isolation valves, and all associated piping supports are also part of 
the MS subsystem. 

The BWRX-300 design includes an outboard Main Steam Containment Isolation Valve (MSCIV) 
(Figure 5-1) on each MSL. The MSCIVs provide the isolation of the containment in the event of 
accidents or other conditions and prevent the unfiltered release of containment contents that 
exceed appropriate limits. This containment isolation is single failure proof. The MSCIVs are fast-
closing, fail-closed valves. 

The MS flow restrictors are in the RPV MS nozzles. Their function is to limit the overall steam flow 
through one steam line when the steam flow exceeds pre-selected operational limits (if a large 
break of a MSL is sensed) and the corresponding MSRIVs and MSCIVs have not closed. The MS 
flow restrictor provides LP sensing taps for instrumentation lines for differential pressure 
transmitters that are used to measure steam flow. MS flow is measured through the MS nozzle 
venturis using Bernoulliôs equation of differential pressure to derive the MS mass flow. 

The MSL drains remove any condensate from the MSLs to the main condenser during startup, 
low power operation, normal power operation, and shutdown. A reduction in power to a low-level, 
results in the automatic opening of the air-operated drain line valves, thereby establishing drain 
flow to the main condenser. 

The turbine bypass valves are opened by I&C system controls when the actual steam pressure 
exceeds the steam pressure needed by the turbine. One or two bypass valves may be modulated 
as required in response to changes in the bypass demand. Bypass steam is discharged to the 
main condenser. 
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Figure 5-1: BWRX-300 Reactor Building Main Steam 3D View 

 

Figure 5-2: BWRX-300 Turbine Building Main Steam 3D View  
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5.1.2 Turbine Generator  

A typical steam turbine, such as planned for BWRX-300, is shown in Figure 5-3, Steam Turbine. 
The turbine is a 3000/3600 revolutions per minute, single-shaft, tandem compound, impulse-
reaction, two-stage reheat, condensing steam turbine (Steam Turbines for Fossil, Nuclear, and 
Renewable Applications (18)). The turbine generator, associated piping, and valves, are located 
completely within the Turbine Building (TB). 

  

Figure 5-3: Steam Turbine  
 

Figure 5-4: TOPAIR Generator  

Two hydraulically operated TSVs, and control valves (four valves total) admit steam to the HP 
turbine. The primary function of the MS TSVs is to isolate the MS from the turbine and quickly 
shut off the steam flow to the turbine under emergency conditions. The primary function of the 
control valves is to control steam flow to the turbine in response to the Turbine Generator Control 
System. In addition to the normal speed control function provided by the Turbine Generator 
Control System, a separate and redundant turbine overspeed protection system is included to 
reduce the possibility of turbine rotor failure and turbine missile damage. 

The HP turbine receives steam through two steam leads, one from each control valve outlet. The 
steam is expanded axially across several stages of stationary and moving blades. Extraction 
steam from the HP turbine is used to supply the fifth stage of FW heating and Moisture Separator 
Reheater System (MSR) first stage reheater heating steam. HP turbine exhaust steam is collected 
in a cold reheat pipe and routed to the MSR inlet. 

Two LP turbines coupled together with the HP turbine shaft convert thermal energy into 
mechanical rotational energy to drive the generator. Each LP turbine receives hot reheat steam 
from its connected MSR outlet through the intermediate stop and intercept valves. Each LP 
turbine is a double flow with six extraction points for FW heating. Each LP turbine exhausts directly 
to the main condenser connected underneath each LP turbine. 

The main turbine is equipped with a turning gear, which is used to rotate the turbine generator 
shafts slowly and continuously, as needed, when the main turbine is not in service, such as the 
early part of turbine warming and after the rotor has stopped at shutdown. 

The turbine gland seal steam supplies sealing steam to the turbine shaft/casing penetrations and 
to the valve stems of the turbine stop and control valves, bypass valves and intermediate stop 
and intercept valves to prevent the escape of radioactive steam and air in-leakage through sub-
atmospheric turbine glands. 

The Turbine Lube Oil System (TLOS) supplies the lube oil to the turbine, generator, and exciter 
brush bearings. The TLOS skid includes redundant AC pumps and a DC pump to continuously 
supply oil to the bearings to provide asset protection. The lube oil skid also contains storage tank 
and HXs, which support the TLOS. An oil conditioning system is provided with TLOS. 
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A typical TOPAIR generator, such as planned for BWRX-300, is shown in Figure 5-4, TOPAIR 
Generator. The generator is a direct driven, three-phase 50/60 Hz, synchronous generator with 
an air-cooled armature winding and rotor. The generator shaft is connected to the main turbine 
equipment system, as the shaft (rotor) spins within the generator frame (stator) electricity is 
produced. There are more than 3,570 TOPAIR units in operation (Air-Cooled Generator (GEN-A) 
(19)). 

5.1.3 Moisture Separator Reheater System  

The MSR is supplied steam from the HP turbine exhaust and both dries and reheats the steam 
before redirecting it to the LP turbines. 

The MSR is composed of one moisture separator reheater, three drain tanks and the piping from 
the HP turbine exhaust (cold reheat) to the MSR, from the MSR to LP turbines (hot reheat) inlet, 
piping up to the intermediate stop valves and intercept valves as well as piping and valves from 
MSL equalizing header for 2nd stage reheating. The MSR has one stage of moisture separation 
and two stages of reheating.  

The purpose of this system is to dry and reheat the expanded steam from the HP turbine 
exhaust (cold reheat steam) to improve the cycle efficiency and reduce liquid impingement 
erosion and FAC in the LP turbines.  

Steam from the HP turbine exhaust (cold reheat steam) enters the bottom of the MSR where 
steam separators remove entrained moisture before passing the steam to the reheater sections. 
Heating steam to the first stage of reheat in the MSR is supplied by the Extraction Steam 
Subsystem. The second stage reheating steam to the MSR is supplied by the MS subsystem. 
Hot reheat steam is supplied to the two LP turbines through the reheat intermediate stop and 
intercept valves, which are located upstream of the LP turbines inlet nozzles. 

Moisture removed from the HP Turbine Exhaust steam is drained to the shell side drain tank. 
Steam condensed from the 1st stage reheater is drained to the 1st stage drain tank. Steam 
condensed from the 2nd stage reheater is drained to the 2nd stage drain tank.  

The MSR supports load following. The MSR is capable of continuous operation at constant or 
partial load of any level between 50% and 100% full power for any length of the time in the 
operating cycle. 

5.1.4 Turbine Bypass System  

The TBS takes excess steam from the NBS, expands the steam to lower pressure, then uses 
spargers to deliver the steam to the condenser. The TBS is designed to operate in all modes of 
normal power plant operation and startup. 

During normal operation, the TBVs are maintained in the closed position. The TBVs open as 
required to maintain reactor pressure following a load reduction or load rejection. The TBS can 
accommodate a 25% load rejection with the TBVs modulating as required. TBV fast opening is 
completed within 300 ms of a valid turbine trip of generator load rejection signal. 

Temperature elements installed in each TBV discharge pipe near the main condenser inlet 
provide temperature signals to the RPC for bypass steam leakage detection. Triply redundant 
bypass valve position transmitters installed at each TBV provide valve position signals to the RPC. 
Control and monitoring of the TBS is accomplished by the RPC and the logic contained therein. 
Triply redundant servo valves and fast-acting solenoid valves provide hydraulic actuation of the 
TBVs upon receiving demand signals from the RPC.  
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The RPC determines bypass operating conditions and setpoints which require fast opening of the 
TBVs and provides the corresponding demand signals to the TBS. Automatic and manual control 
of the TBS is provided. TBV controls, including manual initiation and shutdown, are located in the 
MCR to facilitate system operation. 

5.1.5 Main Condenser  

The Main Condenser and Auxiliaries (MCA) System is the heat sink for the steam cycle. The MCA 
System consists of the main condenser, two Steam Jet Air Ejector (SJAE) skids, and a condenser 
vacuum pump skid with associated piping, valves, instrumentation, and controls. The main 
condenser is a single-pressure, two-shell unit. Each shell is located beneath its respective LP 
turbine. The two condenser shells operate at similar pressures and drain to hot wells that are 
cross connected. Circulating water flows through each of the two single-pass tube bundles to 
condense the turbine exhaust steam into the hot wells. 

The main condenser receives and condenses turbine exhaust steam and turbine bypass steam 
during all modes of operation. It provides hold-up for N16 decay, supplies condensate to the 
condensate pumps, and serves as a collection point for other steam cycle miscellaneous drains, 
vents, and relief valve discharges. Cooling water for the MC is provided by the Circulating Water 
System, which can be configured as either a closed system (i.e., heat rejection via cooling towers) 
or an open system (i.e., rejects heat to an appropriately sized body of water). 

Two 100% capacity SJAEs are used to maintain the turbine backpressure and remove non-
condensable gases from the main condenser. Non-condensable gases extracted from the 
condenser are exhausted to the Offgas System. During startup, a condenser vacuum pump draws 
the initial condenser vacuum and exhaust gases to the TB heating, ventilation, and air 
conditioning system. 

5.1.6 Condensate and Feed water  System  

The CFS contains two condensate pumps, two reactor FW pumps, three stages of LP closed FW 
heaters, and three stages of HP FW heaters. The condensate pumps are each 100% capacity. 
The LP FW heaters are arranged with two 50% capacity duplex FW heaters in parallel and the 
third stage 100% capacity heater in series. The two reactor FW pumps are driven by electrical 
motors and powered by adjustable speed drives, each is 100% capacity and used to maintain 
RPV water level. 

The CFS raises the temperature of the feedwater using feedwater heaters, controls final 
feedwater temperature through the sixth point feedwater heater, maintains the reactor water level 
band in the reactor pressure vessel, provides cooling water to the steam jet air ejectors, offgas 
cooler, turbine gland seals, condenser, and the reactor water cleanup heat exchanger, supplies 
water to the control rod drive system, provides normal and alternate drain paths for the feedwater 
heaters, provides a flow path for the Shutdown Cooling system, and receives water from CUW 
for processing through Condensate Filters and Demineralizers System (CFD). 

5.1.7 Condensate Filters and Demineralizers System  

The Condensate Filters and Demineralizers System (CFD) purifies the condensate and the 
Reactor Water Cleanup System (CUW) water, as required, to maintain reactor feedwater purity. 
The CFD uses filtration to remove suspended solids, including corrosion products, and ion 
exchange resin to remove dissolved solids from various condensate sources of impurities 
including CUW, condenser tube inleakage and other impurities. The CFD is a full flow system that 
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consists of high efficiency backwash-type filters followed by mixed, deep bed demineralizers with 
replaceable ion exchange resin. 

The CFD provides a flow path for CFS condensate, filters, and demineralizes as well as 
condensate per water quality requirements, provides a means to replace demineralizer spent 
resin during all modes of operation, and collects resin downstream of demineralizers if a 
demineralizer failure occurs. 

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. 
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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. 

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. 

5.3 Plant Cooling Water System  

The PCW system performs the heat removal function for numerous reactor and turbine related 
systems and provides a barrier against radioactive contamination of CWS. It consists of two piping 
subsystems, Reactor Component Cooling Water Piping Distribution and Turbine Component 
Cooling Water Piping Distribution, that provide cooling water to various heat exchangers and 
components.  

The PCW supplies cooling water to various systems throughout the plant. 

The PCW system removes heat from the ICC water, supporting the ICC normal function of 
maintaining IC Pools within a bulk temperature limit that permits safe, comfortable working 
conditions on the refueling floor. The PCW also provides a barrier against radioactive 
contamination of the CWS. 

The PCW circulates cooling water to the RCCWS Piping Distribution and the TCCWS Piping 
Distribution during normal operation in addition to AOOs. The PCW is responsible for rejecting 
the total heat load associated with the equipment coolers in the RCCWS Piping Distribution and 
TCCWS Piping Distribution.  

The PCW consists of two 100% capacity pumps and two 100% capacity heat exchangers. During 
normal operation at 100% power, one pump and one heat exchanger are active. There are three 
piping distributions: two redundant piping distributions and one non-redundant piping distribution. 
The two redundant piping distributions provide cooling water to the train separated system heat 
exchangers in the RB. The non-redundant piping distribution provides cooling water to heat 
exchangers in the TB. The in-service PCW pump and heat exchanger supply cooling water to 
both RB piping distributions and the TB piping distribution simultaneously. The surge tanks are 
located at an elevation in the TB so as to maintain adequate net positive suction head (NPSH) to 
the pumps. PCW piping is routed to various heat exchangers throughout the TB and RB.  

The independent PCW trains are cross connected at the supply and return headers using manual 
cross ties to allow for online maintenance. If necessary, the TCCWS Piping Distribution can be 
isolated from each RCCWS Piping Distribution train by closing the supply and return header 
valves on each train, and each Reactor Component Cooling Water train operates independent of 
the other. The PCW can also be isolated from the components to which it provides a cooling 
function to allow for maintenance on those components. 

Cooling water supplied by the PCW is continuously circulated through various auxiliary equipment 
heat exchangers and rejects the heat transferred to the CWS. 

The PCW TCCWS Piping Distribution is a non-redundant piping distribution that provides cooling 
function to the following components: 
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¶ Vacuum pump skid 

¶ Generator coolers 

¶ Turbine lube oil coolers 

¶ Electro-Hydraulic Control (EHC) coolers 

¶ Feedwater Oil Coolers 

¶ Plant Pneumatics System 

¶ Radiation/Chemistry Sample Cooling System 

¶ SWM System 

The PCW RCCWS Piping Distribution consists of two 100% fully redundant piping distributions 
that provide cooling to the following heat exchangers: 

¶ FPC heat exchangers  

¶ ICC System heat exchangers  

¶ SDC heat exchangers and pump motor coolers 

One train of PCW equipment is normally in operation, one train is standby; in the event that the 
operating train is lost or needs to be shut down, the standby train is started automatically. During 
times of high demand, such as during normal cooldown modes, both PCW trains are in-service 
to provide the required cooling flow. 

The main PCW HXs are plate and frame heat exchangers that reject heat to the interfacing 
Service Water pumps in the CWS system. The cold side of each PCW heat exchanger is supplied 
with circulating water by an independent train of CWS. The design precludes cross-contamination 
between the PCW and the circulating water system. 

Temperature Control Valves (TCVs) in the system are provided to maintain the cooling water 
temperature and flow within an allowable range. The cooling water temperature is maintained by 
a TCV arrangement that bypasses the PCW heat exchangers with a portion of the return water. 

The PCW contains two surge tanks, which provide a constant pump suction head and allow for 
thermal expansion of the PCW inventory. Makeup to the PCW inventory is from the PCW surge 
tank which is supplied from the Makeup Water System through an automatic level control valve. 
The surge tanks also allow the system to be split into two independent trains if a leak should 
develop in the system. 

During normal operation, the PCW uses pure, demineralized water with no chemicals added. 
However, both trains share a chemical feeding pot, which enables operators to inject corrosion 
inhibitors, biocides, or other chemicals, when needed to comply with BWRX-300 water quality 
requirements. 
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6.0 INSTRUMENTATION AND CONTROL SYSTEMS  

6.1 Instrumentation and Control Design Architecture  

The BWRX-300 I&C system (also referred to as the Distributed Control and Information 
System (DCIS)) is used to monitor and control most plant systems, provide alarms and 
recording, and provide MCR and Secondary Control Room (SCR) operator interfaces. BWRX-
300 design provides appropriate hardware safety classifications per the Safety Strategy 
described in Section 1.2, Safety Concept and Defense-in-Depth reliability objectives (e.g., no 
single failure prevents performance of a safety function, and no single failure causes a 
departure from normal power operation), and cyber security. 

The following platforms are selected for use in BWRX-300 I&C systems: 

a. Safety Class 1 (SC1): NUMAC Platform 2.0 digital controllers 

b. Safety Class 2 (SC2): Mark VIeS1 digital controllers 

c. Safety Class 3 (SC3) and Non-Safety Class (SCN): Mark VIe digital controllers 

The NUMAC platform builds on two generations of development and was originally created in 
1985 as a digital control system replacement for legacy analog nuclear controls. Since 1985 
there have been over 170 digital upgrades in seven countries across 59 BWRs. The Primary 
Protection System architecture is designed for system dependability (trip when required) and 
reliability (prevent unnecessary trips) by implementation of a 2 out of 3 trip logic for both fail- 
safe and fail-as-is applications on three independent divisions. 

Mark VIe and Mark VIeS are stand-alone, single-board industrial automation process 
controllers used to provide programmable or fixed process manipulation of physical plant 
equipment, signals, or control loops. These controllers continuously execute application code 
in real-time, updating hardwired inputs and outputs, sharing network data and information. The 
devices are key to plant process automation of the DCIS. IEEE compatible tools are to be used 
to configure, program, and monitor process hardware, application code, system functions, 
diagnostics, and health. 

Figure 6-1, BWRX-300 Distributed Control and Information System Communication Diagram 
provides a relationship diagram of the control systems that are shown in Figure 6-2, BWRX-
300 Distributed Control and Information Systems Safety Classification. 

 

 

 

 

 

1 Mark VIe and Mark VIeS are trademarks of GE and/or its affiliates. 
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Figure 6-1: BWRX-300 Distributed Control and Information System Communication  
Diagra m 

 

Figure 6-2: BWRX-300 Distributed Control and Information Systems  Safety Classification  

6.2 Main Control Room  

The MCR is in the CB. The MCR is the primary location for plant monitoring and control during 
normal, abnormal, and emergency conditions. The MCR includes controls, indications, and 
alarms that enable operators to perform the defined set of functions during normal operation 
modes and PIE conditions. It is expected that the safety and Human Factors Engineering (HFE) 
analyses being performed as an integral part of the design of the BWRX-300 is to dictate a 
requirement for an alternate control location; as such, the current concept design includes the 
SCR. In the event the MCR becomes uninhabitable, or is expected to become unhabitable, or if 
functionality is unacceptably impaired, personnel are to move to the SCR. The intended 
functionality of the SCR is to maintain the unit in a safe shutdown condition with the capability to 
place the unit in a safe shutdown condition. It is not the purpose of the SCR to allow continued 
operation of the plant at power. Egress from the MCR and access to the SCR is designed such 
that required minimum operations staffing can safely transition from the MCR to the SCR. 

The MCR is designed with Human-System Interface (HSI) to support tasks such as: 

1. Assessing the overall status and performance of the plant in any condition and providing 
necessary information to support operator actions. 
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2. Monitoring the status and trends of key plant parameters (such as reactor power and rates 
of power change). 

3. Operating the plant safely during all operational states, automatically or manually. 

4. Taking measures to maintain the plant in a safe state or to bring it back into a safe state 
after design basis events and DECs. 

5. Maintaining the plant within the specified limits and conditions for the parameters 
associated with plant systems and equipment. 

6. Monitoring for events involving critical instrumentation and equipment. 

7. Confirming safety actions for the actuation of safety systems are automatically initiated 
when needed and that the relevant systems perform as intended. 

8. Determining the need and the time for manual initiation or intervention of specified safety 
actions. 

9. Implementing emergency operating procedures, Emergency Mitigating Equipment 
guidelines, and severe accident management guidelines. 

The design provides user selectable display screens and user-defined trending and parameter 
value monitoring. A robust visual and audible alarming system is provided to alert operators when 
value thresholds are exceeded. Considering the control technology, the design supports query of 
control input status (e.g., interlocks, start permissive, auto-start signals) at the point of operation. 
The Safety Parameter Display System is integrated in the overall MCR HSI designs. 

Figure 6-3, Main Control Room and Surrounding Areas Layout (Top View) provides an overview 
of the MCR layout. 

 

Figure 6-3: Main Control Room Layout (Top View)  
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 Figure 6-4: Main Control Room Layout (Side View)  

 

 

Figure 6-5: Group View Display System Concept ( Eye-Level View) 
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6.3 Secondary Control Room  

The SCR is in the RB. The SCR includes the required HSI that enables 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 safety and HFE analyses. 

The SCR includes suitable facilities for habitability as well as workspace for tasks to support 
required usage. The SCR contains adequate storage volume to accommodate 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. 

6.4 Emergency and Outage Support Facilities  

The Emergency and Outage Support Facilities for the BWRX-300 are designed to help ensure 
effective emergency response and operational support during outages. These facilities include 
the Emergency Operations Centre (EOC), Site Management Centre (SMC), and Corporate 
Emergency Operations Facilities (CEOF). Each facility is equipped to provide command, control, 
and technical support during emergencies and outages. 

The EOC is located onsite within the protected area and serves as the primary location for 
emergency response coordination. It is equipped with tools, instruments, supplies, and 
communication systems necessary for emergency operations. Serves as the primary location for 
emergency response actions, including notifications to plant staff, provincial authorities, and 
activation of augmented Emergency Response Organization (ERO).  

The EOC can sustain emergency response for a minimum of 72 hours without offsite support, 
including provisions for food, water, and sleeping supplies. It provides radiological, 
meteorological, and plant system data for analysis and complies with radiation protection 
regulations to help ensure occupant safety during emergencies. It helps ensure protection for 
occupants from hazards resulting from AOOs, DBAs, and DECs. 

The SMC is located onsite but outside the protected area, the SMC functions as the technical 
support center and accommodates call-in teams of ERO personnel. It provides plant management 
and technical support to reactor operating personnel in the control room during emergency 
conditions without obstructing plant manipulations.  

The SMC coordinates onsite and offsite communications and handles administrative items, 
technical evaluations, and contact with offsite teams. It is equipped with communication systems 
for reliable voice communication with the control room, EOC, Corporate Emergency Operations 
Facilities (CEOF), and offsite authorities. 

The CEOF is located offsite and outside the plume exposure planning zone, the CEOF provides 
supplemental technical support to personnel in the SCR during emergencies. The CEOF helps 
ensure the FSFs of reactivity control, heat removal, and confinement of radioactive material are 
maintained for a mission time of 72 hours after a PIE. 

The facilities are equipped with the Safety Parameter Display System (SPDS), which provides 
validated process and system information to support emergency response. The SPDS enables 
evaluation of plant conditions and supports the diagnosis and mitigation of accidents. Emergency 
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lighting is provided for access and egress routes to control rooms and other critical areas. Battery-
backed power systems help ensure functionality during power outages, supporting emergency 
operations and safe shutdown actions. Additionally, the facilities include dedicated emergency 
communication workspaces with equipment for administrative tasks. Communication systems 
help ensure smooth integration between the EOC, SMC, and other onsite and offsite groups. 

Additionally, outage management facility is provided. It is located onsite. This facility helps ensure 
that outages are successfully managed using integrated schedules, coordination meetings, and 
digital tools for real-time monitoring and decision-making. 

6.5 Full Scope Simulator  

The Full Scope Simulator (FSS) for the BWRX-300 is designed to replicate the MCR environment, 
enabling comprehensive training and validation of plant operations. The FSS incorporates 
advanced HSI technologies and adheres to HFE principles to help ensure safe, efficient, and 
reliable user performance during all operational phases, including abnormal events and accident 
conditions. 

The FSS design includes features that replicate the habitability and operability of the control 
rooms. These features help ensure that operators can perform necessary tasks under challenging 
conditions, such as radiological hazards, seismic events, and other internal or external hazards. 
Habitability features include lighting, temperature control, humidity regulation, adequate 
ventilation, and protection from personal hazards such as radiation, toxic gases, and fire. 

The FSS integrates advanced monitoring and automation systems, such as the Accident 
Monitoring System, SPDS, Alarm Management System, and Advanced Condition Monitoring 
System. These systems are designed to provide real-time data and support decision-making 
during various operational scenarios. The FSS also incorporates cyber security measures to 
protect the integrity of the control systems and help ensure safe operation. 

Validation of the FSS is conducted through staged activities, including early and partial system 
validation and Integrated System Validation (ISV). These activities involve high-fidelity 
simulations to evaluate the ability of trained personnel to use the integrated HSIs and finalized 
procedures. The FSS is tested under normal, abnormal, and emergency reactor operating 
conditions to help ensure that the design fulfills its intended function and supports safe plant 
operation. 

6.6 Computer -Based Procedure  System  

The Computer-Based Procedure System (CBP) for the BWRX-300 is designed to enhance 
operational and administrative activities by integrating digital tools and systems. It provides real-
time access to operational and administrative information, supporting informed execution of tasks 
while reducing errors caused by omissions or inconsistencies. The CBP integrates with data 
historian systems, enterprise asset management software, plant status control software, and 
other digital tools capable of importing or exporting information. 

The system is designed to help ensure that all operational decisions remain fully under the control 
of the procedure performer, even though it provides a range of data inputs and cues to inform 
users of inconsistencies. The CBP does not automate operational decisions but serves as a 
supportive tool to streamline workflows and enhance productivity. 

The procedure development process for the CBP follows HFE principles to help ensure usability 
and mitigate human error. Procedures are developed iteratively, incorporating feedback from 
mock-ups, part-task, and full-scope simulators. The system is validated through ISV to confirm its 
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usability and accuracy. Procedures are tailored to the HSI design, ensuring they are explicit, easy 
to use, and technically accurate. 

The CBP supports various types of procedures, including plant and system operations, 
maintenance, inspection, testing, surveillance, alarm response, abnormal operating procedures, 
emergency operating procedures, and severe accident management guidelines. It is implemented 
on the business network for use in the control room and in the field rather than being fully 
integrated into the plant DCIS. 
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7.0 ELECTRICAL SYSTEMS  

The BWRX-300 Electrical Distribution System (EDS) is an integrated power supply and 
transmission system. The EDS and its subsystems are arranged like the DCIS with three safety 
classified segments and an SCN segment. Each have appropriate levels of hardware and 
software quality corresponding to the system functions they power (and their DL), to provide 
power to plant loads, and to provide a transmission path for the main generator to the utility 
switchyard/grid. The EDS is monitored and controlled by plant operators from the MCR. Various 
segments of the EDS can operate independently. The BWRX-300 EDS are separated according 
to SC and DL. See Figure 7-2, Electrical Distribution One-Line Diagram. 

The electrical subsystems are grouped based on safety classification, as shown in Figure 7-1, 
Electrical System Architecture. 

 

Figure 7-1: Electrical System Architecture  

Power is supplied to the plant from an offsite power source, the grid, and is called the ñNormal 
Preferredò power source. The loss of the preferred source may be referred to as a Loss of 
Preferred Power or a LOOP. The terms may be used interchangeably. The power source is 
designed to provide reliable power for the plant auxiliary loads. The Preferred Power Supply 
consists of the Normal Preferred source and includes those portions of the offsite power system 
and the on-site power system required for power flow from the offsite transmission system to the 
medium voltage A and B busses. 
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The on-site AC power system consists of SCN, SC2, and SC3 power systems. The off-site power 
source provides the input to the Normal Preferred and Alternate Preferred AC power to SCN, 
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 I&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: 

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

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

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

¶ SC3 Standby Diesel Generators are provided to restore AC power quickly following a 
LOOP. 

¶ The BWRX-300 has been designed to not require the EDS 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






















































































































