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ABBREVIATIONS

This list contains the abbreviatiofrequentlyused in this document.

Abbreviation or

Acronym Definition
AECL Atomic Energy of Canada Ltd.
APM Adaptive Phased Management
CANDU CANada Deuterium Uranium (reactor)
CEAA Canadian Environmental Assessmertt Ac
CNL Canadian Nuclear Laboratories
CNSC Canadian Nuclear Safety Commission
CRL Chalk River Laboratories
CSA Canadian Standards Association
DGR Deep Geological Repository
FCM( Fully Ceramic Micpoo encapsulatedfuel)
GFP Global First Power Ltd.
HTGR High Temperature Gasooled Reactor
km Kilometres
LLW Low Level (radioactive) Waste
m Metres
m3/s Cubic meters per second
aawn aAONR az2Rdz I NJ wSI Ol 2 N
MNO Métis Nation of Ontario
MWt/MWe Megawatt thermal/electrical
NWMO Nuclear Waste Management Organization
OPG Ontario Power Generation Inc.
PPE Personal Protective Equipment
SMR Small Modular Reactor
TRISO Triple Coated Isotropic (fuel)
USNC Ultra Safe Nuclear Corporation
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¢CKAAd R20dzYSyidi RSaONARO0Sa (K36 amBrIR ASRR A& Q
Fd / KFf]1] WAGSNI KSNBFFGSNIIFfaz NBEFSNNBR
purpose of the document is to provide the Canadian Nuclear Safety Commission
(CN&®) with the information necessary to make an Environmental Assessment
Determination under theCanadian Environmental Assessment(@&AA) 2012 [1]

and to establish the requirements for the project. The contents of this project
description address the redquements identified in the CEAA 2012 Regulations

Gt NSFAONROSR LYF2NXYIFGAZ2Y F2NJ 6KS 5SaONX LI

Global First Power (GFP), the Project proponent, is proposing a Small Modular
Reactor (SMR) project using MMR technology and hawsiged on the Chalk River
Laboratories (CRL) propertwhich is Federal land owned by Atomic Energy of
Canada Limited (AECIChe CRL property is located in Renfrew County, Ontario, on
the shore of the Ottawa River, approximately 200 km northwest of Qitavine CRL
property has a total area of approximately 4,000 hectares and is situated within the
boundaries of the Corporation of the Town of Deep Ri@mtaria

The proposed Project will involve the site preparation, construction, opergdiach
decommis®ning of one MMR nuclear reactor and supporting infrastructure on a
Project site within the CRL property. The main physical works related to the Project
are a Nuclear Plant, which includes an MMR High Temperaturedatesd Reactor
(HTGR) that will provedapproximately 15 MWt of process heat to a (raurclear)
Adjacent Plant via molten salt, as well as all the equipment required to transport
the heat from the reactor, support the operation of the Nuclear Plant and ensure
its safety. The process heat ik used in the Adjacent Plant to generate electrical
power and/or heat that ould be used byCRL or electrical power to the area grid,
over an anticipated lifspan of 20 years.

If an agreement with AECand Canadian Nuclear Laboratories (Chkn) be
reached, theProject would thus have the capability to replace most of the
greenhouse gas emitting heand powersourcescurrently employed on the CRL
site with the new MMR technology clean and reliable gyesource. It wuld also
enhance the power and heat source reliability at BRLsite during interruptions
in grid power supply due to failures induced by local harsh weather conditions.

1¢KS aAONR a2RdzZ I NJ wSF OGi2N) 6aawd A& | ¢NIRSYFN] 2
wSFOG2NE 2N) daawé FNB dzZASR Ay Tiaeinark iRe@sOadacdwitlithemi (&
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The Project will support and have access to the strong local rdsearomunity. It

will enhance the research and skilled workers community locally and will contribute
to/ b [L&ngTerm Strategy for siting an SMR by 2026 and position itself as a global
hub in SMR technology development support. On a larger scale, the MMR
technology will have the potential to provide Canada with economic benefits
related to developing a domestic supply chain as well as export opportunities.

GFP has partnered with Ultra Safe Nuclear Corporation (USNC), the MMR
technology supplier, whizs based in Seattle, United States, and with Ontario Power
Generation Inc. (OPG), who will provide licensing and operations capability for the
MMR facility during the construction, operatipand decommissioning phases of
the project.
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2.1. t N2BES®SSE bl ddNB yR [20F0A2Y

Project Name: Micro Modular Reactor (MMR) Project at Chalk River

Project Nature: The proposed Project is the first commercial deployment of a
private sector fundedSmall Modular Reactor (SMEchnology in Canada. The
proposed Poject will involve the site preparation, construction, operation, and
decommissioning of one MMR nuclear reactor and supporting infrastructure on a
Project site within the CRL property.

Project Location: The MMR is proposed to be located on thalkCRiver
Laboratories (CRIDJINR LISNIie ® ¢KS /w[ aAdS Aa oSttt
plant. The CRL property is located in Renfrew County, Ontario, on the shore of the
Ottawa River, approximately 2@tlometres (km) northwest of Ottawa as shown in
Exhibit2-1. The CRL site has a total area of approximatgQQ@ hectares and is
situated within the boundaries of the Corporation of tliewnof Deep River. The
Ottawa Rver, which flows northwest to southeast, forms the noehsterly
boundary of the property. The Department of National Defence Garrison Petawawa
abuts the CRL property to the southeast, and Wikage of Chalk River in the
Municipality of Laurentian Hdllies immediately to the southwest of the CRL site.

A plan view of the CRL property is showixhibit2-2. Most of thecurrentnuclear
and associated support faciliseare located within a relatively small industrial area
2F 0KS /w[ airdeS ONBI SRt 2@®ISGCERAARE! OSy i

G. okl ! NBF ¢ Aa ad2NNRPdzyRSR o0& | fkhoNd S NI | NJ
a4 GKS a/{ dzLJS NIBhdicSrRistshlatgéls M ForesNiBtérgpersed with
small lakes.

A site feasibility study conducted by CNL identified feasible project candidate sites

for the MMR Project. The most suitable three project candidate sites (see
Exhibit2-30 I NB f 20FG§SR Ay (.KS{ & pPizhideiIidved SR h d;
information on these candidate sites.
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Exhibit2-1:

Geaqyraphical Location of Chalk River Laboratories
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Exhibit2-2: Overview of the Chalk River Laboratories Property
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Exhibit2-3: Project Candidate Sites within the Chalk River Laboratories Site
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2.2. t N22SO0 ¢SIY
2.2.1. Project Proponent

Global First Powertd. (GFP) is the Project proponent. GFP is a company
incorporated in Canada, specializing in small nuclear project development and
project financing. GFP has been developing capabilities to function as a smart buyer
of nuclear technologwnd specifically fothe use of the MMR technologyGFP is
responsible for supporting the Environmental Assessment of the Project and is the
applicant for the Licence to Prepare Site.

2.2.2. Proponent Contact Information
¢CKS LINRPLRYSY:G F2N GKAa t NHi@&SCED)igka DCt & C

Mr. Joe Howieson

Chief Executive Officer

Global First Power

4 Robert Speck Parkway, Suite 4
Mississauga, Ontario, Canada, L4Z 1S1
Tel: 905366-7303
Email:;joe.howieson@globalfirstpower.com

The contact information of the primary representative for the purposes of this
Project Descriptiondocumentis:

Dr. Robert lon

Licensing Director

Global First Power

4 Robert Speck Parkway, Suite 4
Mississauga, Ontario, Canada, L4Z 1S1
Tel: 905366-7303
Email:robert.ion@globalfirstpower.com

2.2.3. Project Support

GFP is supported on this Project by Ultra Safe Nucleao@dipn (USNC), Ontario
Power Generation Inc. (OPG), and Canadian Nuclear Laboratories (CNL).

Uncontrolled when printed or transmitted electronically Pagel2 of 52
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USNC is a nuclear technology developer based in Seattle, Washington, USA. USNC
owns the design intellectual propertyor the MMR reactors and for the
FullyCeramé MicroS y O LJa dzf | % f8eR USNC fisahe reactor technology
supplier for the MMR Project at Chalk River.

OPG is a corporation wholly owned by the Government of Ontario. OPG is
responsible for approximately half of the electricity generation in fwevince of
Ontario, Canada. Sources of electricity include nuclear, hydroelectric, wind, gas
solarand biomass. OPG is the owner and operator of CANDU nuclear power plants
within Ontario. OPG, or a subsidiary of OPG, will provide the required services to
support the licensing and operations of the MMR plant during the construction,
operation, and decommissioning phases of the project.

CNL is Canada's premier nuclear science and technology organization. CNL develops
peaceful and innovative applications fnonuclear technology through its expertise

in physics, metallurgy, chemistry, biology and engineering. Highly skilled employees
deliver a range of nuclear services ranging from research and development, design
and engineering to specialized technology, teasmanagement and
decommissioning. CNL maintains and operates several AECL owned nuclear sites in
Canada, including the CRL site. The Project will be undertaken on Federal éands (

I 9/ prapartyat CRL GFP will enter into a formal agreement withGABo use a

adzA Gl ofS LI NOSt 2F GKS / w[ athsielvisagaINI (1 K S
that CNL will support GFP, OPG and USNC with various services including support
to siting activities, nuclear power plant operations, research and developme
support. CNL is also a potential end user of the energy and/or heat produced by the
Project.

2.3. 5SA0ONRALIGAZ2Y 2F [/ 2YYdzyAOlFL A2y | OGAD

The Project is proposed at a location currently managed by CNL who has identified
in its LongTerm Strategy its visiorf siting a new SMR by 2026. In April 2018, CNL
issued a public invitation seeking proponemsSMR demonstration project®
participate in the evaluation process for the construction and operation of an SMR
at a CNimanaged site. CNL, as the organizatieading the process, haditial
accountability for all communications and engagement with Indigenous
communities, stakeholders and the general public. Due to the nature of the

2 The term Fully Ceramic Micencapsulated (FCM) is a Trademark of Ultra Safe Nuclear Corporation. Everywhere the terms
acdzZ t & / SFTAIDa defAlONERE 2NJ C/ aé | NB dza SR A ydeniafk s assRigt€dlae¥hS y G = A
them.
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selection process, GRRas not able to publicly discuss its involvement, @teeith
stakeholders directly involved in the commercial review process.

hy CSONHzt NBE mMpX HamMdE /b[ Fyy2dzyO8R (KL
of the review process. That milestone, along with the submissiotihe Project
Description, signad the opportunity for GFP to begin fulsomgublic and
Indigenous engagement. As such, Ga®begurcommunications and engagement
activitiesthat meetthe requirementsof CNSGREGDOG.2.1[3].

GFP understands that engagement with Indigenous communities, stakeholders and

0KS ISYSNIt Lzt AO A& I O2y GAydz2dza LINR OS
2.4. OYDBANRY YSYllyiR !{aladsRAasSyaSy a |
2.4.1. Environmental Assessment and Regulatory Requirements of other

Jurisdictions

This project is being undertaken on Federal lands. No Environmental Assessment or
regulatory requirements of jurisdictions other than Federal requirements have
been identified.

2.4.2. Environmental Studies of the Region where the Project is to be Carried
Out

CNL is currently conducting an Environmental Assessment for a proposed Near
Surface Disposal Facility to be located at the CRL site (CEAA reference # 80122).
There is an existing Environmental Risk Assessment for the CRL site that was
completed in compliace with the/ I Yy I RAL'Y { G Y REMRE86! aa2 OA
GOYDANRBYYSY (Gl f wA a8 Nucleai BaSldies ¥nd Yranium MiNds / | &
andMills¢ Ly | RRAGA2YX / b[] KlIa SEGSyaradgsS Sy
programs that are conducted in accord® with CSAHYyy ®nX a9y JANRY
Y2YAG2NAY 3T LINRPINFXYaAa G /fFaa L ydzOf SF NI 7
CSAhHyy dp = Mositeriid REfrdns at Class Nuclear Facilities and
UraniumMines andMills¢ NB A LISOG A @St & @
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3. t NPEFODENNI GAZ2Y
3.1, t N22SO0G /2yGSEGU YR hoaSOiAroSa
3.1.1. Project Summary and Context

The proposed Project involves the site preparation, construction, operation, and
decommissioning of one MMR nuclear reactor and supporting infrastructure on a
site on CRL property in @mio. The Project will consist of two major parts, the
Nuclear Plant and the Adjacent Plant, as well as supporting infrastructure,
O2ft SOGUADStEE | faz2 NBEESNMNSR bid20fISd Nd K$ | ¢a
MMR High Temperature Ga®oled Reactor Wch provides process heat to the
(nonnuclear)Adjacent Plant via molten salt, as well as all the equipment required
to transport the heat from the reactor, support the operation of the Nuclear Plant
and ensure its safety. The Nuclear Plant is indepenaérthe Adjacent Plant,
requiring no supporting services for any event for its safe operation. The Adjacent
Plant consists of the equipment and systems that convert the process heat to
electrical power or other forms of energy as per client requiremenite. Nluclear
Plant would generate approximately MWt of process heat thatauld supply
electrical power and/or heat to the Chalk River Laboratories for CNL as the potential
end user. The electrical powepuld also be supplied to the area grid, over an
anticipated lifespan of 20/ears.

The MMR technology is an economically competitive alternative to greenhouse gas
emitting dieselpower and heat generation, withsanallerenvironmental footprint.

The MMR technology has been developed by USNC and is bagelg an proven
designs with inherent safety features, further augmented with specific novel safety
features. The degree of such proven inherent safety design features confers
confidence in the operability and safety of the facility, while the novel safety
features further enhance the confidence in the safety of the technology. One such
feature is the use of th&ully Ceramic Micro encapsulatdeQMV) fuel that ensures
containment of radioactivity during operations and accident conditions, which
means that &most no fission products are released out of the fuel. Compared to
most current operating reactor technologies which rely on highly specialized and
complex safety systems to prevent and mitigate further releases of fission products
that escape theirfueh y OF &S 2F Ll2addzZ F SR I OOARSy G a
performs the function of containing fission products during such accidents.
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3.1.2. Overall Project Objectives

The MMR Project at Chalk River will producdvild't of process heatAlthough a
formal agrement with CNL/AECL does nyt exist, it is envisaged that this heat
couldsatisfy the needs of the Chalk River Laboratories, and thus could replace most
of the current greenhouse gas emitting heaurcescurrently employed on the CRL

site with the new MMR technology clean and reliable energy source. The electrical
power could also be supplied to the area grid, over an anticipatedsifan of 20
years.

The Project ould also enhance the power and heat soarreliability at theCRIsite
during interruptions in grid power supply due to failures induced by local harsh
weather conditions.

The Project will support and have access to the strong local research community. It
will enhance the research and skilled iikkers community locallypy locating the

MMR operator training centre at th€RUocation which could also serve future
deployments of this technology

The MMR technology design characteristics which include small size, passive and
inherent safety featuresand modularized construction concept makes it an option

for deployment in areas where cleaner power and/or heat is needed and where
employing currently large operating nuclear power plant technologies (such as
CANDU andLight Water Reactojsis not practial, such in small and/or remote
communities and near mines. The MMR features contribute to reduced effects on
the environment and people due to a smaller site footprint, lower construction
duration, lower safety risks.

¢KS t NE2SO0 ¢ A flfongTedrySiradyydfozsithg ah BMR by 026
and positionCNLas a global hub in SMR technology development support.

The Project will demonstrate the commercial viability of the MMR technology to
prospective customers (e.g., remote communities and minmdystry) with no
access to grid power for their heating and electricity needs. The MMR technology
will replace their current reliance on costly and greenhouse emitting fossil fuels
with acleanand reliable nucleapowered energy source, which can poteaity be
combined with other renewables sources.

3.2. wS3dzt F GA2ya 5SaATAylraGAy3I t KEAAOI f

The Project qualifies as a Designated Project per section 35 of the CEAA 2012
RegulationgDesignating Physical Activitie§SOR/201247)[4], specifically as it
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fission or fusion reactof ¢ KS&S wS3dzf I GA2ya ARSYGATFeE |
Authority for projects of this type. As such, the CNSC is responsible for the conduct

of the Environmental Assessment.

3.3. t KEAAOFE 22N)Ja wSftFraGSR G2 GKS t NRe
3.3.1. The MMR Facility

The MMR facility includes a Nuclear Plant containing an MMR reactor, and an
Adjacent Plant, witch are the main physical works related to the Projelthe
Nuclear Plant provides process heat to the Adjacent Plant where it is converted to
electrical power and/or heat as per client requirements.

The Nuclear Plant uses a closed helium cycle that isaswd within the reactor
vessel assembly. The helium removes the heat generated by the nuclear reactor
during normal operation. Helium passes through the nuclear core and is heated by
the controlled nuclear fission process.

The heated helium passes throutite Intermediate Heat Exchanger where the heat

is transferred to the molten salt within the Nuclear Plant Molten Salt System. The
cooled helium is recirculated back through the reactor core using an electrically
powered circulator. Cold molten salt enteg the Nuclear Plant passes through the
Intermediate Heat Exchanger and is heated up by the helium. The hot molten salt
is then transported from the Nuclear Plant to a mouaclear facility, the Adjacent
Plant. The Adjacent Plant uses the heated moltenrszdt and then returns cooled
molten salt to the Nuclear PlanExhibit3-1 provides a simplified process diagram
within the Nuclear Plant.
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Exhibit3-1: Nuclear Plant; Simplified Process Diagram

Helium Cycle

Control
Rod Reactor

/| | Reactor Core
Cold Helium Helium Circulator
Hot Salt
—_—
Cold Salt
—
Intermediate
Heat
Exchanger
Hot Helium

The Adjacent Plant is a power plant generating power from the heat supplied by
the Nuclear Plant. The Adjacent Plant contains all the equipment to generate
electrical power andupply it to the customer. The Adjacent Plant can also supply
process heat to customer applications. A-fjasd furnace is used to maintain the
molten salt temperature when the nuclear plant is shutdown and undesgo
maintenance activities.

Exhibit3-2 provides a simplified process diagram within the Adjacent Plant. The
proposed integratedVIMR facility layout (combined NucleaPlantand Adjacent
Plant) is shown irExhibit3-3. This layout is preliminary and will be subject to
modification based on the fin&roject site location.
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Exhibit3-2: AdjacentPlant ¢ Simplified Process Diagram
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Exhibit3-3: Proposed Integrated-acilityLayout
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'NUCLEAR
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3.3.2. Nuclear Plant

The Nuclear Plant contains the Nuclear Building andGheadel Buildingwhich
houses the MMR reactor and its associated Nuclear Heat Supply Sys$tenallest
structure of theNuclear Planis expected to be the Nuclear Plant stack with an
approximate height of 30 metres. The second tallest structure isaggdedo be the
Nuclear Building within an approximate height betwétsand 10 metres. The stack
and Nuclear Building heights will be confirmed following detail calculations in
support of the safety case and during the detail design phasdlustrative Niclear
Plant layout is shown iBxhibit3-4.

Exhibit3-4: Illustrative Nuclear Plant Layout

1 - Double Security Fence

2 - Road

3 - Stack

4 - Main Control &
Security Rooms

5 - Vehicle Access

6 - Personnel Access

7 - Nuclear Building

8 - Citadel Building

9 - Emergency Exit

3.3.2.1. Nuclear Heat Supp§ystem

The main function of the Nuclear Heat Supply System is to remove heat generated
by the reactor core and transfer it to a secondary loop by means of the Intermediate
Heat Exchanger. The Nuclear Heat Supply System also provides reactivity control in
the reactor core, longerm burnup compensation and low power control during
startup through the operation of the control rods. The Nuclear Heat Supply System
allows for passive removal of residual heat from the core. The Nuclear Heat Supply
System includeshe reactor, the hot gas duct, the Helium Circulator, and the
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Intermediate Heat Exchanger. It also forms the pressure boundary for the helium
coolant. An illustration of the Nuclear Heat Supply System is providechiit3-5.
Hightemperature molten salt is used in the secondary loop.

The reactor core is housed within a reactor vessel. The MMR reactor is designed for
a 20year operating life with no need nor provisiéor refueling. Therefore, there
will be no additional fresh fuel or used fuelon tR2 2 SO Qa ANtoe& R dzNR 'y

Plant operation. During decommissioninthe fuel will be moved to longerm
storage as described later in this document.

Exhibit3-5: lllustration of the Nuclear Heat Supply System

Control Rods

Reactor Vessel

Helium

Micro Module Circulator

Reactor (MMR)

Intermediate

A =
Reactor Core Heat Exchanger

Pressure Boundary
{Grey Area)

3.3.2.1.1. Reactor Fuel

The MMR reactor fuel contains legnriched uranium. The fuel is manufactured
with Triple Coated Isotropic (TRISO) fuel particlespsghprimary purpose is to
retain fission products.
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3.3.2.1.2.

The fundamentals of ceramic coated particle fuel were developed in the 1960s.
TRISO fuel was then applied to &a®led reactors. In the 1980s TRISO fuel was
adapted for even higher temperature operation the High Temperature Gas
cooled Reactors (HTGRs). TRISO technology has demonstrated irradiation
performance. This reliable and historically proven TRISGOdselitable for usén

the MMR reactor. The TRISO particles are highly proliferation resestanprovide
environmental protection during and after operations.

The TRISO particles are bonded together to form fuel pellets. TRISO patrticles
provide containment of radioactive materials during operations and accident
conditions. The TRISO particles ¢enbonded together in graphite or in silicon
carbide to form the fuel pellet€Exhibit3-6 illustrates theMMR fuel concept.

The MMR fuel would be fabricated in separate fuel fabrication facility,

AYRSLISYRSYylG 2F GKS tNRr2SOG IyR y20G 2040

Exhibit3-6: TheMMR Fuel and Fuel Elements

Reactor Core

The Reactor Core consists of hexagonaplgita blocks containing stacks of fuel
pellets and fullength channels for helium flow, together called fuel elements (see
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