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LAND ACKNOWLEDGMENT

The lands and waters on which the Darlington Nuclear Generating Station (DNGS)
and Darlington New Nuclear Project (DNNP) are situated on are the Treaty and
traditional territory of the Michi Saagiig and Chippewa Nations, collectively known
as the Williams Treaties First Nations.

DNGS and DNNP are within the territory of the Gunshot Treaty and the Williams
Treaties of 1923. These Rights were affirmed in 2018 in a settlement with Canada and
the Province of Ontario.

To acknowledge traditional territories is to recognize their history, predating the
establishment of the earliest European colonies. It is also to acknowledge the
significance for the Indigenous people who lived and continue to live upon the
land, to acknowledge the people whose practices and spiritualties were tied to the
land and water and confinue to develop in relation to the territory and its other
inhabitants today.

As a company, Ontario Power Generation remains committed to fostering positive
and mutually beneficial relationships with Indigenous people and communities
across Ontario.
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Executive Summary

Ontario Power Generation Inc. has applied to the Canadian Nuclear Safety
Commission for a Licence to Construct (LTC) the first of four BWRX-300 units at the
Darlington Nuclear site under the Darlington New Nuclear Project [R-1]. In advance
of Part 1 of the LTC Hearing, OPG submitted a Commission Member Document
(CMD) 24-H3.1 [R-2] and CMD 24-H3.1A[R-3] and a presentation (CMD 24-H3.1B) [R-4]
, which summarized the evidence demonstrating that OPG meets all the legal
requirements of the Nuclear Safety and Control Act (NSCA) and the applicable
Regulations for a LTC. In this CMD, OPG builds upon those previous submissions, with
supplemental information to support a Commission decision.

At the Part 1 Hearing and in correspondence that followed [R-5], Commissioners
requested additional information in a series of areas pursuant to the current LTC
application and the design of the reactor OPG has proposed to construct. This
CMD contains responses to those Commission questions. The Commission also
directed OPG to submit the Predictive Environmental Risk Assessment already
planned for submission to CNSC staff to the Commission Registry to be included on
the record for Part 2 Hearing. The Predictive Environmental Risk Assessment is
included as part of CMD 24-H3.1E.

CNSC staff in their Commission Member Documents (CMDs) [R-5] [R-6] and
presentation [R-7] provided their review of OPG's LTC application [R-1]. In this CMD,
OPG provides its perspective on some of the topic areas raised.

This supplemental CMD also provides information on other areas of interest raised in
public interventions for the Part 2 Hearing. The intent of this material is to provide
OPG's latest information and perspective on these topics, to support the Hearing
and enable a Commission decision.

Benefits of this project and licence

In alignment with OPG’s Climate Change Action Plan. OPG has committed to be @
net-zero carbon company by 2040, in support of Canada’s commitment to be a
net-zero carbon economy by 2050. According to the Independent Electricity System
Operator (IESO) Pathways to Decarbonization Report [R-09], demand for energy is
projected to increase across Ontario and clean energy solutions that do not release
significant greenhouse gases are required in attaining greenhouse gases emission
reduction targets. For nuclear power to play a significant role in helping
decarbonization efforts, it must be deployed safely, efficiently, cost effectively and
with the appropriate nuclear regulatory and safety oversight. Canadian Nuclear
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Safety Commission (CNSC) approval to construct a reactor facility would support
OPG's mandate to add nuclear generation capacity at the Darlington site and
would help to ensure reliable nuclear energy remains an important part of Ontario’s
low-carbon energy mix in the future.

Small Modular Reactors (SMRs), like the BWRX-300, support the decarbonization
objective using technology that is safe, developed from proven existing reactors,
and designed for ease of operation and efficient construction. OPG undertook an
extensive and rigorous process and selected the General Electric Hitachi (GEH)
BWRX-300 as the Darlington New Nuclear Project (DNNP) technology for deployment
at OPG's existing Darlington Nuclear (DN) site.

Nuclear Safety

The BWRX-300 is an inherently safe reactor, as defined by REGDOC 2.4.1, due to its
design and passive safety features. It has leveraged experience from the 9 previous
generations of BWRs to create a design, and safety strategy, that exceeds
regulatory requirements as demonstrated by a comprehensive safety analysis. The
BWRX-300 employs multiple layers of defensive in depth to ensure the reactor
remains safe even during an extremely unlikely beyond design basis event. OPG has
been recognized as a world leader in how it has integrated Beyond Design Basis
Event response. The passive safety features, leveraged in the BWRX-300 safety
strategy (and described in this CMD), allow for the BWRX-300 reactor to remain
cooled for seven days without external power or significant operator action, and for
that to be extended indefinitely by utilizing connections for external water.

Project, Construction, and Operating Excellence

OPG has a history of excellent project management success. With the expertise and
commitment of qualified partners and vendors, OPG has demonstrated world-class
project performance with the successful and safe refurbishment of Darlington units 1,
2 and 3. Success in large projects such as the Darlington Refurbishment, as well as
completion of the Lower Mattagami Hydroelectric Project and the Hydro Tunnel at
Sir Adam Beck, demonstrate OPG's readiness and capability fo undertake the
construction of a BWRX-300 unit at the Darlington Site. OPG will continue to bring the
same level of leadership in safety, protection of the environment, and quality in
project management to the construction of a reactor under this licence, if granted.

Through organizations such as the World Association of Nuclear Operators, the
Institute of Nuclear Power Operators, the Nuclear Energy Institute and the Electric
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Power Research Institute, OPG maintains vigilance about staying on top. As active
members and leaders within these organizations, we have access to significant
experience and knowledge, leveraging reports such as NEI 20-08 Strategic Project
Management Lessons Learned & Best Practices for New Nuclear Power Construction
to inform our strategies, including things like collaborative contracting models, which
have been demonstrated to improve project performance in safety, cost, and
schedule.

OPG leverages our well-established processes of infernal and external review boards
which have been instrumental in the station and refurbishment project to achieve
sustained excellence.

As a world leader in nuclear operations, OPG is well positioned to lead a skilled
workforce in the future operation of new nuclear technology. OPG has a 50-year
history of strong safety and operational performance at its two nuclear generating
stations and OPG continues to be recognized for exceptional performance in
nuclear operations within the nuclear industry.

Indigenous Relations

OPG acknowledges the Aboriginal and Treaty Rights of Indigenous People as
recognized in the Constitution Act, 1982. OPG is committed to its relationship with
Indigenous Nations and Communities. OPG's Indigenous Relations policy provides a
framework for engagement with Indigenous peoples and communities to advance
its reconciliation efforts. OPG's Reconciliation Action Plan is our road map for how
we intend to work in partnership with Indigenous communities, businesses and
organizations to advance reconciliation. It's also about how we intend to grow and
continue learning as an organization. OPG regularly reports on the company's
activities and progress in achieving the goals found in its Reconciliation Action

Plan.

OPG looks forward to presentations from Indigenous Nations and Communities at
the Part 2 Hearing, and to responding to Commissioner questions on these important
maftters.

Public Engagement and Communication

Since 2006, OPG has kept the public and stakeholders informed about DNNP as part
of the existing engagement and communications activities for the existing
Darlington Nuclear Generating Station. Topics such as station operations,
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environmental performance, and the status of projects (including DNNP) are
communicated through various methods and forums with the goal of ensuring
fransparent disclosure of our activities. Specific fo DNNP, OPG has kept the public
and stakeholders updated on the status of the project since its inception and
contfinues to make publicly available the relevant documents associated with the
DNNP licensing process. We trust that the information contained within this
submission will likewise support open and transparent communications about this
project and the requested licence.

In summary, OPG's application for a Licence to Construct the DNNP facility,
supplemented by the Part 1 and 2 CMDs and the presentations in front of the
Commission, demonstrate that OPG has met or exceeded the applicable regulatory
requirements for an LTC and is further substantiated by a history of safe and
successful operations and project management. Ontario Power Generation has
demonstrated that it is qualified to perform the requested licensed activities and
that it willmake adequate provision for the protection of the environment, the
health and safety of persons and the maintenance of national security and
measures required to implement international obligations to which Canada has
agreed.

OPG respectfully requests the Commission approve OPG's Darlington New Nuclear
Project Power Reactor Construction Licence for one BWRX-300 unit. OPG also
requests that the Commission accepts OPG's proposed Financial Guarantee for
DNNP as part of the requested Power Reactor Construction Licence.

The Licence Application, CMDs, and supplementary information to the Application
are available to the public on OPG's website, www.opg.com/newnuclear.

CMD 24-H3.1C December 12, 2024
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1.1

INTRODUCTION - SUPPLEMENTAL INFORMATION
Introduction

Ontario Power Generation Inc. is the leading supplier of electricity to the power grid
in the province of Ontario. We provide safe, reliable, and low-cost power through
our nuclear stations at Pickering and Darlington; our hydro-electric facilities; a solar
generating station; a biomass generating station; and several natural gas plants.
We have safely provided for the electricity needs of the people of Ontario for
decades and look forward to doing so for many decades to come. Building on
OPG's extensive experience and in partnership with its key confract partners, OPG is
proposing to construct the first of four General Electric Hitachi (GEH) BWRX-300 units
and ancillary facilities at the DNNP site.

OPG's capabilities as an industry leader in safe nuclear operations at both ifs
Darlington and Pickering Nuclear Generating Stations contfinue to be demonstrated
by achievements and recognition both at home and internationally.

OPG has demonstrated its ability to deliver on large scale nuclear projects. In June
2020, after more than three years of safe, quality work, OPG completed the
Darlington Unit 2 refurbishment and successfully returned the unit to the grid. The
successes and learnings of Unit 2 were further demonstrated in July 2023 and
November 2024, when Units 3 and 1 were safely returned to the grid, five months
ahead of schedule. OPG remains on tfrack and committed to return all four
Darlington units to the grid, safely and on time. This world-class project performance
is a testament to the detailed preparations and planning, as well as the expertise
and commitment of OPG and its partners to deliver projects on time. The OPG
Project Management Office was the recipient of the PMO of the Year: The Americas
award in 2023. OPG continues to demonstrate that with detailed planning and
preparation, large nuclear projects can be completed safely, on fime and budget,
and with quality.
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2.0

21

RESPONSES TO QUESTIONS FROM THE COMMISSION CMD 24-H3-Q
Description

On October 2, 2024, the Commission held Part 1 of the public hearing to consider
Ontario Power Generation’s (OPG) application to construct one BWRX-300 reactor
at the Darlington New Nuclear Project (DNNP) Site. In conducting the Part 1 hearing,
the Commission considered written submissions provided by CNSC staff in CMD 24-
H3 [R-6], CMD 24-H3.B [R-8], CMD 24-H3.C, and CMD 24-H3.D and OPG in its
application and supporting submissions, CMD 24-H3.1 [R-2] and CMD 24-H3.1B [R-4].
The Commission also considered oral submissions from CNSC staff in CMD 24-H3.A [R-
71 and OPG in CMD 24-H3.1A [R-3] at the Part 1 hearing. Following the hearing, the
Commission directed OPG to provide additional information to seven questions
based on the oral and written submissions as documented in CMD 24-H3-Q [R-8] and
set outin Table 1 below.

CMD 24-H3.1C December 12, 2024
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Table 1: CMD 24-H3-Q Questions from the Commission

Commission Questions

How has the Transient Reactor Analysis Code “GE Hitachi” (TRACG)
computer code been validated for use on the BWRX-300 reactor design?@
The Commission notes that the BWRX-300 design has a smaller reactor core
than traditional boiling water reactors.

What instabilities may occur in the reactor core and chimney during start-
up and how does the BWRX-300 design mitigate these potential
instabilities?

How was the TRACG code used to model instability within the BWRX-300
reactor core during start-up?2 The Commission is seeking specific
information on what assumptions were used in that modelling and how the
void distribution within the “Global Nuclear Fuel Mk. 2" (GNF2) fuel
assembly was considered.

Has the GNF2 fuel assembly been optimized for use in a reactor core with
natural circulation, and if so, howe The Commission notes that the GNF2
fuel assembly was designed for reactors with forced circulation of coolant
through the reactor core and that the proposed BWRX-300 design would
employ natural circulation.

How was the onset of the boiling transition modelled for the GNF2 fuel
assemblye What ability would OPG have to detect boiling conditions along
the fuel assembly during reactor operation and what risk exists for fuel dry-
oute

The Commission is seeking additional information on the power coefficient
of reactivity during different reactor power levels. How would reactor
power control be maintained for conditions where the power coefficient of
reactivity may be positive?

The Commission is seeking specific information on the design and

validation of the Distributed Control and Information System (DCIS),

including detailed information on:

. software certification and verification

. fail-over from System A to back-up System B

. transfer of control from the main control room to the secondary
control room

CMD 24-H3.1C December 12, 2024
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2.2

Commiission Question 1

How has the Transient Reactor Analysis Code “GE Hitachi” (TRACG) computer code
been validated for use on the BWRX-300 reactor design? The Commission notes that
the BWRX-300 design has a smaller reactor core than fraditional boiling water
reactors.

OPG Response

TRACG Qualification:

OPG has audited GEH's quality assurance process and has deemed it compliant
with CSA N286 and N286.7. The TRACG qualification process used by GEH is
equivalent to the process used in Canada and internationally. TRACG code has
been developed in compliance with the NQA-1 quality code in the US, and in
compliance with the key elements of the Code, Scaling, Applicability and
Uncertainty methodology (CSAU) process developed in the US and used by GEH
internationally. Qualification of TRACG has been carried out by a systematic and
comprehensive process, which has been assessed by OPG and determined to be
compliant with REGDOC-2.4.1 and CSA N286.7 requirements. Compliance with the
Canadian regulatory requirements provided in REGDOC 2.4.1 and CSA N286.7 has
been ensured through compliance with CSAU [R-10].

TRACG Validation:

TRACG's validity and accuracy are established through a systematic and
comprehensive qualification process, where the key parameters calculated by
TRACG are compared with relevant data from scaled and full-scale experiments
and full-scale reactor transient data that were determined to be representative of
BWRX-300 conditions. This validation approach ensures that TRACG models are
qualified for BWRX-300 safety analysis and that calculated parameters are obtained
with required accuracy and quantified uncertainty. By comparing TRACG's
calculations to experimental data and full-scale data from the current fleet of BWRs,
the code quadalification process confirms that TRACG can adequately simulate
reactor behaviour during all reactor states as described above. For the BWRX-300,
TRACG's validation builds on years of successful validation and application in
previous BWR designs. Qualification of TRACG for BWRX-300 is based on two key

CMD 24-H3.1C December 12, 2024



13

principles: (1) equivalence of BWRX-300 phenomena with phenomena present in
previous BWR designs for which validation has been successfully completed, and (2)
selection of validation results and conclusions from validation for previous BWR
designs that were determined to be applicable to BWRX-300, which are explained
further, below.

BWR Designs Determined to Be Applicable to BWRX-300:

The BWRX-300 shares many of the same features and components with existing
BWRs. There are differences in the importance of some phenomena, between the
BWRX-300 and operating BWRs, that have been identified in a BWRX-300 specific
Phenomena Identification Ranking Table (PIRT). The BWRX-300 shares many of the
same features and components with existing BWRs. TRACG's models, which were
already validated for existing BWRs, including natural circulation BWRs (e.g.
Dodewaard), are determined to be applicable to the BWRX-300 design. Note that
the BWRX-300 core size and fuel design is the same as Kernkraftwerk MUhleberg,
(KKM) plant which was a jet-pump BWR/4 that also operated with Global Nuclear
Fuel 2 (GNF2) in natural circulation when the recirculation pumps were tripped.
Validation of natural circulation phenomena is based on comparisons with integral
effects test data and plant data from jet-pump BWRs operating at natural
circulation conditions (due to the jet pumps not operating) with core and bundle
flows lower than (therefore, bounding) what BWRX-300 would experience.
Applicable documentation produced for TRACG validation for previous BWR designs
appended with new validation documentation produced specifically for BWRX-300
design confirm the applicability of TRACG's models for BWRX-300 safety analysis [R-
10] [R-11]. The PIRT demonstrated that the key BWRX-300 phenomena are not
different from key phenomena in operating BWRs, while specific unique aspects are
discussed below.

Unique Aspects of BWRX-300 Validation:

While the BWRX-300 design is similar to previous BWRs, the PIRT identified that one
unigue feature of the BWRX-300 is the partitionless chimney. In a BWR reactor, the
chimney is part of the system that circulates steam and water within the reactor
pressure vessel (RPV), determining core flow, thereby impacting core power levels
and cooling. The partitionless design means there are no internal separators, which
influences the flow dynamics within the chimney. In order to attain the required data
to validate TRACG for the BWRX-300's partitionless chimney, a series of experiments

CMD 24-H3.1C December 12, 2024
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2.3

were performed at the Hitachi-GE Nuclear Energy (HGNE)'s Hitachi Utility Steam Test
Leading (HUSTLE) facility, an internationally recognized facility capable of creating
high-pressure conditions and steam qualities that match those of the BWRX-300. GEH
performed two series of HUSTLE tests which are applicable to BWRX-300 and that
provided void fraction data that were used in the validation program to ensure that
TRACG can accurately model the chimney's behavior. Accurate modeling of
chimney void fractions (fluid density) is important because the density difference
between fluid in the chimney and core versus the downcomer is what determines
core flow. TRACG's model of the BWRX-300 chimney was validated by comparing its
predictions with the HUSTLE test data and detailed Computational Fluid Dynamics
(CFD) simulations of both the HUSTLE facility and the BWRX-300 chimney design.
Results showed a very good match, confirming that TRACG can predict chimney
performance accurately [R-11].

Summary of TRACG's Validation:

In summary, TRACG is qualified for use in BWRX-300 deterministic safety analysis.
TRACG validation is based on scaled and full-scale experimental data and data from
operating BWRs including natural circulation BWRs. TRACG uses proven and qualified
models that have been used in previous BWR licensing applications. TRACG was
subjected to additional validation focused on new BWRX-300 features (e.g.,
partitionless chimney). OPG provides technical reviews, input and oversight to GEH
for TRACG validation and verification documentation.

Commission Question 2

What instabilities may occur in the reactor core and chimney during start-up and
how does the BWRX-300 design mitigate these potential instabilities?

OPG Response

During startup, instabilities known as Type 1 oscillations may occur in the BWRX-300
reactor core and chimney. These oscillations are characteristic of natural circulation
reactors and arise from flow-pressure dynamics as the reactor moves through startup
condifions to establish a steady, two-phase voided state in the chimney. In Type 1
oscillations, initial vapor production in the chimney can lower hydrostatic pressure,
which temporarily increases core flow. This flow increase can cause vapor voids to
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collapse in the chimney, leading to small flow oscillations. However, because these
oscillations have an insignificant impact on core moderator density during startup,
they have an insignificant impact on core power output, ensuring that all fuel
performance requirements are satisfied. The BWRX-300 design incorporates several
key features to mitigate these oscillations and enhance stability during startup:

1. Confrolled Low Power Levels: To minimize Type 1 instabilities, the reactor power is
kept below approximately 3% until system pressure reaches about 5 MPa. This
approach reduces the intensity of any flow surges that may arise due to chimney
dynamics.

2. Forced Circulation: During startup, the BWRX-300 utilizes forced circulation (about
2% of the rated flow rate) as the reactor pressure vessel (RPV) heats up and
pressurizes. This forced flow helps to further stabilize the system.

3. Anticipatory SCRAM via Period Monitoring: Wide-Range Neutron Monitors
(WRNM) continuously track the reactor’s “Period,” which is the time it takes for
power to increase by a factor of 2.71828. If the period becomes too short, the
WRNM monitors can trigger a proactive SCRAM, adding an additional safety
layer [R-10].

Due to these design features, Type 1 oscillations remain minor, monitored and
controlled, and safety margins are maintained throughout startup. Furthermore,
Type 2 oscillations, which can develop at higher power levels, are precluded in the
BWRX-300 design due to its compact core, balanced feedwater temperature,
natural circulation, and tall chimney which enhances stability across operational
conditions.

Commission Question 3

How was the TRACG code used to model instability within the BWRX-300 reactor
core during start-up2 The Commission is seeking specific information on what
assumptions were used in that modelling and how the void distribution within the
“Global Nuclear Fuel Mk. 2" (GNF2) fuel assembly was considered.

OPG Response

CMD 24-H3.1C December 12, 2024
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TRACG's ability to model Type 1 instabilities is supported by comparisons with test
data. TRACG models are qualified to analyze Type 1 instabilities, specifically the
hydrostatic oscillations that can occur during startup. In this low-pressure, low-power
phase, the natural circulation flow loop experiences fluid property variations along
its path. TRACG addresses this by calculating fluid properties specific to the
thermodynamic state in each cell in the system including detailed nodalization for
the fuel channels in the core. This ensures accurate representation of the fransient
behavior of the system and the core. During startup, core voiding is minimal or non-
existent. Thus, voiding within the GNF2 fuel assembly (which would be critical to
reactivity at higher power conditions) has minimal relevance during startup as there
is very little core void or density feedback. Startup simulations of BWRX-300 with
TRACG will be used to confirm (as they did for ESBWR) that the reactor can be safely
operated during startup as well as at power [R-12].

Commiission Question 4

Has the GNF2 fuel assembly been optimized for use in a reactor core with natural
circulation, and if so, how? The Commission notes that the GNF2 fuel assembly was
designed for reactors with forced circulation of coolant through the reactor core
and that the proposed BWRX-300 design would employ natural circulation.

OPG Response

The BWRX-300 design evolved to utilize existing contemporary boiling water reactor
(BWR) fuel as there are multiple industrial benefits to reactor owners associated with
standardization (e.g., completed fuel qualification, operating experience
applicability, supply chain maturity, compatibility with future BWR fuel technology,
etc.). This approach influenced aspects of the reactor design, such as the chimney
height, core configuration and power density to result in a self-consistent set of
reactor design and core conditions that support compliance with regulatory
requirements and performance targets with high confidence. There are a number of
critical parameters that must be validated in order to demonstrate that the natural
circulation conditions of the BWRX-300 are suitable for a given fuel design. These
include parameters such as hydraulic resistance, critical power ratio, linear heat
generation rate, and reactivity characteristics. Determination of these parameters
and limits is based on well-established methodology and has been confirmed
through modelling, analysis, and experiment.

GNF2 is evaluated to be an excellent and the optimal choice for the BWRX-300
within the catalogue of industrially available fuel designs as it has: 1) the lowest
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hydraulic resistance of GNF's product lines that results in the highest core flow, 2)
excellent critical power performance for operating thermal margins (e.g.
maintaining nucleate boiling and precludi